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Preface

The book Intensive Care is composed of few essential topics from the intensive care medicine.
It includes ten selected chapters on the burning day-to-day intensive care topics. All these
chapters are written by the experts in their field and written in a simple way but covering
the basics and advancement in the subject, explaining the applied importance using simple
understandable diagrams and figures.

The chapters in this book are about the frequently encountered acute and intensive care dis‐
ease. It is important to know about these diseases for better management and improved out‐
come of these patients. The first chapter describes the airway management of intensive care
patients. The intensive care patient airway management is tricky, life-threatening, and often
difficult. Hemodynamic monitoring is the essential component of better intensive care pa‐
tient management. The abdominal compartment syndrome is increasingly recognized to be
the frequent issue in the critically ill intensive care patients, and this chapter gives clear con‐
cept about its diagnosis and management. Acute kidney injury increases patient morbidity
and mortality in the intensive care unit, and it is a common issue in these patients; this chap‐
ter will tell the reader not only how to diagnose but about how to prevent it. The aneurys‐
mal subarachnoid hemorrhage is one of the common hemorrhagic strokes, and the chapter
describes its incidence, diagnosis, grading, management and, prevention. The incidence of
severe acute pancreatitis is on the rise; the chapter will dictate early diagnosis and its man‐
agement. Fat embolism syndrome is rare; the chapter gives insight for diagnosis and man‐
agement of this clinical syndrome. The two pediatric chapters give a problem-solving view
of sepsis and brain-dead diagnosis in this critical age group. The last chapter gives a de‐
tailed idea of intensive care workforce.

We are sure that this book will be an asset not only for the intensive care physicians but also
for acute care physicians, general practitioners, surgeons, and para clinical staff in critical
and intensive care setup.

We are much thankful to Martina Usljebrka for her continuous help in all stages of this
book. I am indebted and thankful to Dr Firdous for her continuous support and encourage‐
ment during the editing process. I am grateful to Professor Marco AE Marcus and Dr Faisal
Malmstrom for their constant support while editing this unique Intensive Care book, and to
all participating authors for their contribution.

Dr Nissar Shaikh MD, EDIC
Hamad Medical Corporation

Doha, Qatar





Chapter 1

Airway Management in ICU Settings

Nabil Abdelhamid Shallik, Mamdouh Almustafa,

Ahmed Zaghw and Abbas Moustafa

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.69166

Abstract

Maintenance of patent airway, adequate ventilation, and pulmonary gas exchange is very 
important in critically ill patients. Airway management in intensive care patients differs 
significantly from routine surgical procedures in the operating room. The airway compe‐
tence in intensive care unit (ICU) should be coping with the rapidly evolving advances 
in airway management. Therefore, efforts should be focused on the three pillars of air‐
way master: airway providers as intensivists or critical care physicians, equipment, and 
operational plans. Not all institutions can afford all airway equipment in the market; 
however, they should make sure that critical care providers have a full access to the avail‐
able tools and they are comfortable using it. Educational sessions and refresher courses 
should be tailored to meet the competence level of the ICU providers and equipment 
availability. Operational plan includes developing institutional airway protocols and 
implementing difficult airway guidelines. The protocols should consider different staff‐
ing models of ICU and make sure all the time at least one member of the team with the 
highest experience in airway should be always available. The aim of writing this chapter 
is to enable the intensivist to optimize their use of airway equipment and managing high‐
risk patients in ICU.

Keywords: tracheal intubation, videolaryngoscopy (VL), flexible fiberoptic intubation, 
bronchoscopy, percutaneous tracheostomy, extubation in ICU, high‐flow nasal cannula 
(HFNC), virtual endoscopy (VE), airway ultrasound, supra‐glottic airway devices, tube 
exchange

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1. Tracheal intubation in ICU

1.1. Introduction

Tracheal intubation (TI) is one of daily practiced procedures in the intensive care unit (ICU), 
especially when the patient has respiratory failure or cardiovascular collapse. It involves highly 
skilled techniques that require much of training, practice, and expertise. The excellence in airway 
management in ICU is necessary for intensivist’s every day practice, which when it is lacking 
does not only compromise the quality of care but also has a potential impact on patient safety.

The optimal intubation condition prevailing in surgical theaters differs a lot in nature than 
harsh and chaotic scenarios in ICU. The nature of those situations has three factors: the highly 
skilled anesthesiologists versus the intensivists; the compensated, well‐controlled surgical 
patient versus the decompensated sick ICU patients; and equipment availability. That is why 
in ICU settings, the airway instrumentation‐related complications have higher incidence than 
anesthesia settings. Among the contributory factors for high failure rates are the highly stress‐
ful environment, limited expertise level of the providers with different techniques of airway 
management, the physiological baseline for the patients, inadequate pre‐oxygenation, unfa‐
miliarity with new airway equipment, and the critical time factor in distressed situations in 
addition to the negative hemodynamic effects for the intubation medications.

2. Challenges in airway management in the critically ill patients

2.1. Response to pre‐oxygenation

Effective pre‐oxygenation is the first step for airway management. If it is done optimally by 
reaching PEO2 of >90%, it extends the apnea safety time margin for critical ICU patients with 
already limited oxygen transport and when the intubation for airway control would be time 
consuming. The apnea time for oxy‐hemoglobin to desaturate below 85% in postoperative 
period is 23 s in critically ill patients compared to 502 s in healthy adults [1].

The standard pre‐oxygenation used in optimized surgical patients would fail to sustain adequate 
PaO2 in critically ill patients with hyper‐metabolic profile during apneic period for intubation.

The airway management encountered in a rapidly deteriorating patient with hypoxia from 
a life‐threatening cardiopulmonary failure is not an uncommon daily ICU scenario. Lack of 
airway expertise is a high risk for multiple intubation attempts, airway trauma, esophageal 
intubation, and intubation failure, and consequences were adverse with high percentage of 
cardiac arrest or brain damage. Moreover, multiple traumatic trials by inexperienced pro‐
vider could easily convert a simple airway to a difficult one due to airway edema.

2.2. Assessment and evaluation of the airway

Airway evaluation prior to tracheal intubation (TI) is the standard of care in anesthesia set‐
tings and should be routinely practiced in ICU before any TI. Many studies about airway 
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evaluation in controlled anesthesia settings showed that combined airway tests are better than 
each test alone in terms of sensitivity and reliability.

Airway tests include Mallampati classification, thyromental distance, neck mobility, inter‐inci‐
sor distance, and body mass index (BMI), which are all reliable predictors for difficult airway. 
Other scores include El Ganzouri test and LEMON test. El Ganzouri test is a numerical score, 
involves all the abovementioned tests: Mallampati classification, thyromental distance, neck 
mobility, inter‐incisor distance, and BMI plus under‐bite and previous difficult intubation his‐
tory. LEMON test involves Look Externally, Mallampati class, Obstruction, and Neck mobility.

2.3. Drugs used for tracheal intubation, rapid sequence intubation

Hemodynamic changes during TI are predictable physiological consequences after airway man‐
agement, which are attributed to three main factors: sympathetic system, cardiac contractility, 
and mechanical ventilation. Vaso‐dilatory and cardio‐depressive effects of medications, preex‐
isting hypovolemia, and positive‐pressure ventilation are major contributors to any predictable 
hemodynamic changes. Ketamine and Etomidate are anesthetic agents with a fast onset, short 
half‐life, and tolerable hemodynamic changes. They are widely used in emergency settings to 
improve intubation conditions. Etomidate is an anesthetic agent with adrenal inhibition effect. 
A cardio‐stable agent as Ketamine is preferable in ICU. The critical illness of ICU patients 
compromises the gastric emptying, making a rapid sequence intubation (RSI) a wise decision. 
Succinylcholine is a fast acting muscle relaxant with ultra short duration that is commonly used 
in emergency setting when there are no contraindications to its use. Muscle relaxants have its 
role in facilitating intubation; however, encountering cannot‐ventilate‐cannot‐intubate (CVCI) 
scenario after giving muscle relaxants could lead to a fatal airway emergency. Studies found 
that physicians other than anesthesiologists are reluctant to use muscle relaxants before intuba‐
tion in the ICU. A large data set found fewer complications, including in patients with difficult 
airways when muscle relaxants were used. In a prospective multicenter study, Jaber showed 
that tracheal intubation by muscle relaxants has less complications by 22 versus 37% when 
muscle relaxants were not used [2]. In another study in emergency department, Li et al. found 
a significant decrease in esophageal intubation with the use of muscle relaxants (3 vs. 18%) [3]. 
Succinylcholine should not be used in patients with hyperkalemia, congenital muscle disor‐
ders, and burn patients with difficult airway as it could lead to hyperkalemic cardiac arrest. As 
alternative to Succinylcholine, Rocuronium Bromide (1 mg/kg) can be used for rapid sequence 
intubation in critical care patients and can be reversed by Sugammadex Sodium.

2.4. Pre‐oxygenation and tracheal tube confirmation

Pre‐oxygenation before intubation is the standard of care. The standard pre‐oxygenation used 
in optimized surgical patients could fail to sustain adequate PaO2 in patients with respira‐
tory failure. Randomized control trial (RCT) by Baillard et al. confirmed that pre‐oxygen‐
ation done by noninvasive positive‐pressure ventilation (NIPPV) prior to TI is superior 
to that done classically by a bag‐valve mask device for a 3‐min duration [2]. The patients 
who have been pre‐oxygenated by NIPPV have higher pulse oximetric saturation (98 ± 2 vs.  
93 ± 6%) and higher PaO2 values during TI (203 vs. 97 mmHg) and up to 5 min into the post‐
intubation period compared with the bag‐valve mask method. In acute respiratory failure,  
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NIPPV improves oxygenation by delivering high oxygen concentration, by unloading respi‐
ratory muscle, recruiting alveoli, and thereby increasing the functional residual capacity in 
such hypoxemic patients. To confirm the endotracheal tube placement after TI, classically 
chest inspection for bilateral equal expansion and chest auscultation for equal air entry on 
both sides have been routinely used. Recently, the American Society for Anesthesiology 
(ASA) has adopted end tidal CO2 monitor as the standard of care inside the operating room. 
Confirmation of endotracheal intubation by capnography has 100% sensitivity and specific‐
ity. Continuous capnography waveform is recommended as well during chest compression 
for cardiac arrest victims [4]. Esophageal detector device is an alternative carbon dioxide‐
monitoring device. The endobronchial intubation must be ruled out by chest radiograph, as a 
part of post‐intubation care.

2.5. Intubation “care bundle” management

Care bundles are the best evidence‐based therapies that could guarantee the best outcomes 
when applied together than each therapy alone in the bundle. Intubation bundle has been 
developed to enhance the quality of intubation procedure by setting a package tool to be fol‐
lowed by any provider in any intubation scenario with every patient. This bundle focuses on 
standardization of the stepwise process and eliminating the individual preferences and tech‐
nical variability. The bundle involves maintaining cardiovascular stability, gas exchange, and 
the neurological status while securing the airway. The proposed ICU intubation management 
protocol includes 10 elements bundle [2].

2.5.1. Pre‐intubation

1. Presence of two persons.

2. (Normal saline 500 ml or colloid 250 ml) as fluid loading in the absence of cardiogenic 
causes of pulmonary edema.

3. Long‐term sedation ready to start.

4. Pre‐oxygenation for 3 min by NIPPV with the following parameters:

(FiO2 100%, pressure support ventilation level of 5–15 cm H2O, tidal volume of 6–8 ml/kg, and 
PEEP of 5 cm H2O).

2.5.2. During intubation

5. Rapid sequence induction: Anesthetic medications include Etomidate 0.2–0.3 mg/kg or 
ketamine 1.5–3 mg/kg or Propofol‐Ketamine mixture. Muscle relaxants include Succinyl‐
choline 1–1.5 mg/kg or Rocuronium Bromide 1 mg/kg. Succinylcholine is contraindicated 
in the following condition, hyperkalemia, severe acidosis, acute or chronic neuromuscular 
disease, burn patient for more than 48 h and spinal cord trauma, otherwise Rocuronium 
Bromide is preferred.

6. Cricoid pressure or Sellick maneuver should be applied.

Intensive Care4
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2.5.3. Post‐intubation

7. Immediate confirmation of tube placement by capnography.

8. Nor‐adrenaline infusion if diastolic blood pressure still low.

9. Start long‐term sedation.

10. Initial “protective ventilation”: Tidal volume 6–8 ml/kg of ideal body weight, PEEP 5 cm H2O 
and respiratory rate between 10 and 20 cycles/min, FiO2 100%, plateau pressure <30 cm H2O.

Studies showed that the bundle lowered the life‐threatening complications as severe desatu‐
ration, hypotension, or cardiac arrest by 21 versus 34%. Other moderate complications have 
lowered as well (9 vs. 21%) compared with the non‐bundle group [2].

TI in emergency settings in unstable patients could lead to an acute airway emergency. The 
airway morbidity and mortality increase with unstable hemodynamics and failing oxygen‐
ation during emergency intubations. That is why tracheal intubation in the ICU may be life‐
saving or life threatening. Airway management in a deteriorating sick patient is a real ICU 
emergency which cannot be delayed. Rescue airway equipment as THRIVE, NIPPV, and tra‐
cheostomy should be ready as a backup when difficult airway is encountered. Fewer com‐
plications have been noticed when the TI was done by experienced providers. Familiarity 
with rescue airway techniques is helpful. The rhythm of ICU environment necessitates precise 
guidelines that are tailored to ICU settings. Hence, implementation of an intubation care bun‐
dle along with a pre‐planned approach to difficult airway is essential for safe TI in the ICU.

2.6. Tracheal re‐intubation

Particular issues as the need to re‐intubate following a trial of extubation or accidental extuba‐
tion are common in ICU. Re‐intubation may be unexpectedly difficult in hypoxic, distressed, 
or uncooperative patients with multiple risk factors and in patients who have been extubated 
after prolonged intubation as airway edema is common sequela.

3. Videolaryngoscopy in ICU

3.1. Introduction

Videolaryngoscopy (VL) is an indirect visualization technique for the larynx mainly for the 
purpose of airway assessment or airway management especially in ICU area. The images 
from the video can be displayed, magnified, and recorded on a monitor. Video‐assisted 
visualization has been evolved in airway practice after the pressing clinical need of difficult 
 airway scenario and lack of new tools other than Macintosh/Miller blades. That was invented 
in 1940. After many years of clinical practice, the VL techniques have been approved by the 
American Society of Anesthesia (ASA) and incorporated in their difficult airway algorithms. 
VL is promoted as a first step to go in anticipated difficult airway scenario.
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3.2. Indication or advantage over ordinary laryngoscopy

1. The first choice of elective oral or nasal intubation in adults, pediatrics, or neonates, in case 
of anticipated and unanticipated difficult laryngoscopy.

2. Reduces strain and stress of operator during intubation.

3. Diagnostic and recording of airway lesions, abnormal anatomy, and pathology.

4. Can be used for TEE probes [5], naso‐gastric tube [6], double lumen bronchial tube [7], and 
throat‐pack insertion.

5. VAFI techniques (video‐assisted fiberoptic intubation).

6. Good teaching tool for junior staff.

7. Guide the assistant where to apply external laryngeal manipulation: BURP (Backward Up‐
ward Rightward Pressure).

8. Help presbyopic doctors especially in neonatal intubation.

9. Awake tracheal intubation [8] and in abnormal intubating position as lateral decubitus [9].

10. Less traumatic over ordinary laryngoscopy.

11. Reduce the cervical spine mobility in patients with unstable cervical spine or reduced spi‐
nal mobility [10].

3.3. Types of videolaryngoscopy (VL)

Many types have been introduced into the market, which has created many dilem‐
mas for the practitioners which one to choose (Table 1). Each VL device is unique in 
its size, shape, and profile, which gives specific strength and weakness to each. As a 
dozen devices are being continuously added to the market, it would be challenging and 
impractical for the anesthesiologists to obtain and train on all of them. Ideal VL should 
be intuitive, lightweight, low profile, inexpensive, easily maneuverable, easy to learn and 
master, remote view screen, with memory storage capacity, and long‐lasting recharge‐
able batteries. Special features are being added as antifog capabilities by heating of the 
lens. The device should be easily adaptable to different intubation techniques, for exam‐
ple, nasal and oral.

3.3.1. Video stylets

The rigid stylets were in practice for the last 25 years to facilitate retromolar intubation. The 
bending angle is 40o at the distal end with a view angle of 110°. The video RIFL has a rigid rod 
with a flexible tip to articulate till 135° by closing the lever by a handgrip.

The stylets are advocated when the mouth opening is limited; however, its applicability 
is restricted to oral intubation. The video stylets are bulky, requiring space in the room, 
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with no antifogging mechanism. It has the longest intubation time among other video tech‐
niques and higher learning curve but is very useful in restricted mouth opening using ret‐
romolar space. The Shikani optical stylet is a malleable, stainless steel, J‐shaped endoscope 
with illumination fibers and a fiberoptic bundle that can be used with a separate camera 
and monitor system, or on its own with an optical eyepiece. Figure 1 shows Bonfils retro‐
molar videolaryngoscope.

Rigid blades Guided channels‐Automatically shaped Video stylets

Standard blade Angled blade Channeled blade Channeled airway Rigid stylet Rigid stylet + 
Flexing tip

Storz C‐Mac Coopdech 
VLP100

AirTraq Total track (VLM) 
Video Laryngeal Mask

Bonfils RIFL

Storz DCI Pentax AWS Shikani 
optical stylet

McGrath 
“AIRCRAFT”

Res‐Q‐Scope II

GlideScope

Storz V‐Mac Storz D‐Blade

King Vision

Venner A.P. 
Advance

MedAn

Table 1. Summary of different types of VL devices.

Figure 1. Bonfils retromolar videolaryngoscope (Storz‐Company).
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3.3.2. Channeled videolaryngoscopy

The representatives of the family are Pentax and AirTraq. All channeled devices have been 
designed mainly for oral intubation; however, the recent version of AirTraq has been studied 
and used in nasal intubation. The AirTraq is a single‐use optical device with optional video 
camera attachment. It is available in different sizes and could be used for nasal intubation 
and double lumen tube insertion; however, it is single use and it requires 30–40 s to reduce 
fogging. Pentax is similar to AirTraq, with the advantage of the only plastic guide blades 
which are disposable. The tip is angled by 135o and it cannot be used with an endotracheal 
tube (ETT) less than 6.5, making it impractical for pediatric population. Both Pentax and 
AirTraq have been proved to reduce the cervical spine mobility in patients with unstable 
cervical spine or reduced spinal mobility. Res‐Q‐Scope is a similar device, but the clinical 
studies are so limited.

3.3.3. Rigid blades

Rigid blades are classified into standard blade or angled blade. In general, the standard 
blades use the various modifications of typical Macintosh blades as C‐Mac (Figure 2). 
However, the angled blades offer more angulations near the distal tip to widen the view 
angle. In some equipment, as in Coopdech D‐scope, sizes of 0,1 and Miller’s blades are avail‐
able, etc. C‐scope sizes (sizes 0 and 1) Miller blades are available, but in most of the others 
Macintosh blades sizes 2, 3, and 4 are the standard.

Figure 2. Videolaryngoscopes.
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It was shown that the design familiarity with standard Macintosh blades, side screen, and 
enhanced view has reduced the learning curve for the inexperienced providers.

The main difference among rigid blades is the blade angulation and the position of the side 
view screen. In Coopdech VLP100, it has a build‐in screen on top of the device with the view 
angle of 39–52o, with the option of sizes 2, 3, and 4 Macintosh or size 0, 1 Miller blade. The 
McGrath “AIRCRAFT” is similar to Coopdech VLP100 in having a build‐in side screen over 
the handle, but different in having adjustable variable length blades that snaps in place once 
the length is adjusted. The GlideScope (Figure 3) has an angulation of 60o, with antifogging 
camera, plastic disposable blades, and separate view screen. GlideScope appeared to be the 
most intuitive, easy to learn with the steepest learning curve [11] but a little bit bulky in rela‐
tion to C‐Mac blade; that is why most of clinicians prefer C‐Mac over GlideScope. Venner 
A.P. Advance and MedAn videolaryngoscopes are also available in the market from these VL 
types but the clinical studies are so limited.

In general, not one device has shown to have a 100% success rate and none has shown to be 
superior to another. All studies concluded that VL offers better laryngoscopic view if not 
the same as direct laryngoscopy. Most of the studies have concluded that the intubation 
time is more with videolaryngoscopy than with the direct laryngoscopy. Relative devices 
were faster than others by few seconds, DCI Storz Videolaryngoscope is relatively faster 
by 10 s than GlideScope (34 s) and McGarth (38 s); other study showed that the time for 
intubation for GlideScope was 33 s, CMAC was 17 s, and McGarth was 41 s [12]. Intubation 
with the GlideScope has been found to be 99% successful after initial failure of direct laryn‐
goscopy, helping to reduce the incidence of failed intubation. It should be noted that the 
relative learning curves could affect the performance of GlideScope in some studies, as in 

Figure 3. GlideScope (Verathon Inc., US).
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the study of Platts‐Mills in emergency department, which showed no difference in intuba‐
tion failure between GlideScope and Macintosh, and intubation time in GlideScope was 
longer (12 s) [13] (Figure 3).

The main advantage for the videolaryngoscopy is minimal cervical spine mobility during 
intubation as the pharyngeal and laryngeal axis should not align together, offering least 
mobility for cervical instability. Moreover, it is helpful in case of limited accessibility, for 
example, magnetic resonance imaging (MRI) scanning, beach chair position, or prone posi‐
tion. It also allows sharing the airway view with beyond the operator for teaching or assis‐
tance purposes (Figure 2).

The devices of VL have been evaluated and adopted for practice outside the operative room.

3.4. Disadvantages of VL

The most common disadvantages of VL could be variable learning curve that depends on 
the level of training and experience, difficult passage of tube despite satisfactory laryngeal 
view, and loss of the depth perception. The fogging and secretion that could obstruct the 
camera are among other technical issues. Other disadvantage is the cost that could range 
from 5000 to 10,000$, which could be a burden in some part of the world; however, the 
cost could be justifiable in the industrialized part of the world if it could prevent such fatal 
airway events with its subsequent million dollar lawsuits. One study for VL adoption in 
Massachusetts emergency departments in 2012 has showed that adoption rate for VL was 
43%, a relatively fast rate. The 69% of non‐adopters have attributed that to the cost of the 
device [14].

4. Flexible fiberoptic intubation in ICU

4.1. Introduction

It is an airway device used for indirect visualization of the airway either for airway manage‐
ment or for other diagnostic and therapeutic purposes. Traditionally, all old scopes have used 
the fiberoptic fiber technology; however, the newer scopes, out of reliability issues, do not use 
the fiberoptic technology anymore and that’s why the nomenclature changed to flexible intuba‐
tion scope.

4.2. Types

Flexible intubation scope is a flexible cord that has fiberoptic fibers (old scopes) or opti‐
cal fibers with a small camera on the tip of the scope using complementary metal oxide 
semiconductor (CMOS) technology and the so‐called flexible intubation video endoscope 
(FIVE) from Storz Company. The proximal handle has a working channel port for oxygen 
and suction, lever to flex or extend the tip and light source. The diameter of adult scope is 
of 3.8 and 4.2 mm which can hold ETT of 6.5 mm or more. The diameter of children scope 
is of 2.2 and 3.1 mm which can hold 3 and 4 mm EET, respectively. Both adult and pediatric 

Intensive Care10



the study of Platts‐Mills in emergency department, which showed no difference in intuba‐
tion failure between GlideScope and Macintosh, and intubation time in GlideScope was 
longer (12 s) [13] (Figure 3).

The main advantage for the videolaryngoscopy is minimal cervical spine mobility during 
intubation as the pharyngeal and laryngeal axis should not align together, offering least 
mobility for cervical instability. Moreover, it is helpful in case of limited accessibility, for 
example, magnetic resonance imaging (MRI) scanning, beach chair position, or prone posi‐
tion. It also allows sharing the airway view with beyond the operator for teaching or assis‐
tance purposes (Figure 2).

The devices of VL have been evaluated and adopted for practice outside the operative room.

3.4. Disadvantages of VL

The most common disadvantages of VL could be variable learning curve that depends on 
the level of training and experience, difficult passage of tube despite satisfactory laryngeal 
view, and loss of the depth perception. The fogging and secretion that could obstruct the 
camera are among other technical issues. Other disadvantage is the cost that could range 
from 5000 to 10,000$, which could be a burden in some part of the world; however, the 
cost could be justifiable in the industrialized part of the world if it could prevent such fatal 
airway events with its subsequent million dollar lawsuits. One study for VL adoption in 
Massachusetts emergency departments in 2012 has showed that adoption rate for VL was 
43%, a relatively fast rate. The 69% of non‐adopters have attributed that to the cost of the 
device [14].

4. Flexible fiberoptic intubation in ICU

4.1. Introduction

It is an airway device used for indirect visualization of the airway either for airway manage‐
ment or for other diagnostic and therapeutic purposes. Traditionally, all old scopes have used 
the fiberoptic fiber technology; however, the newer scopes, out of reliability issues, do not use 
the fiberoptic technology anymore and that’s why the nomenclature changed to flexible intuba‐
tion scope.

4.2. Types

Flexible intubation scope is a flexible cord that has fiberoptic fibers (old scopes) or opti‐
cal fibers with a small camera on the tip of the scope using complementary metal oxide 
semiconductor (CMOS) technology and the so‐called flexible intubation video endoscope 
(FIVE) from Storz Company. The proximal handle has a working channel port for oxygen 
and suction, lever to flex or extend the tip and light source. The diameter of adult scope is 
of 3.8 and 4.2 mm which can hold ETT of 6.5 mm or more. The diameter of children scope 
is of 2.2 and 3.1 mm which can hold 3 and 4 mm EET, respectively. Both adult and pediatric 

Intensive Care10

scopes have working channel of 1.2 mm. Most of flexible intubation scopes are reusable; 
however, recently a single‐use flexible intubation scope started to be in the market from 
Ambu Company.

4.3. Indications

The main indication of flexible scope intubation (FSI) in anesthesia care and ICU settings is to 
secure the placement of endotracheal tube when there is anticipated airway difficulty and con‐
firmation of tube position after intubation if necessary. It can be used as well in the management 
of abnormal airway anatomy, obstructive upper airway lesion, and unstable cervical spine to 
limit the cervical mobility, and the evaluation of airway obstruction is another anesthetic indica‐
tion as a preoperative assessment (preoperative naso‐endoscopy in pre‐assessment anesthesia 
clinic) or directly prior to intubation for the patients with known anatomical abnormalities in 
the upper airway. The choice of the route has its indications as well, as nasal route is used in a 
case of limited mouth opening or a strong gag reflex, or if the surgery needs nasal intubation. 
Other indications other than primary anesthetic care involve diagnostic and therapeutic pur‐
poses, see Table 2.

4.4. Contraindications

There are no absolute contraindications for the FSI, but in the following situations difficult 
to impossible scenarios could be encountered. Large airway bleeding and secretions could 
make the view impossible. The limited clinical experience of the operator, the necessities for 
rapid airway control, the need to insert the tube under vision to minimize further trauma to 
the upper airway, and uncooperative patient are other contraindications. However, it is not 
absolute, as uncooperative patient can be intubated as sleep FSI and the visualization for ETT 

Diagnostic indications Therapeutic indications

• Evaluation of pneumonia, atelectasis, infiltrate of unclear 
etiology.

• Mucus impaction.

• Evaluation of hemoptysis. • Foreign body removal.

• Evaluation of toxic burn inhalation. • Laser coagulation for lesions.

• Evaluation of chest trauma. • Photodynamic therapy.

• Evaluation of chronic cough. • Electrocoagulation.

• Placement of artificial airways. • Cryotherapy.

• Evaluate complications of tracheostomy. • Dilation by balloon.

• Evaluation of precancerous lesions. • Brachytherapy.

• Evaluation of tracheoesophageal fistula. • Tracheobronchial stents.

• Evaluation of bronchopleural fistula. • Bronchopleural fistula.

• Confocal microbronchoscopy. • Needle aspiration of mediastinal cysts.

Table 2. Indications of flexible scope intubation (FSI).
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insertion could be achieved by adjuvant airway as in fiberoptic‐assisted videoscopic intuba‐
tion (FAVI), a technique, when other indirect visualization technique, as C‐Mac VL (Figure 2), 
is used to facilitate the insertion of ETT under vision. Nasal route is contraindicated in case of 
severe craniofacial deformity and skull base fracture.

4.5. Preparation for flexible scope intubation (FSI)

The preparation step for FSI is the most important step for a successful procedure. It involves 
patient selection and preparation, airway anesthesia and equipment preparation. The patient 
selection will determine whether the FSI will be through the oral or nasal route and whether 
it will be awake or sleep FSI. Generally, the awake has better visualization than the deep, due 
to loss of muscle tone and pharyngeal collapse after induction of anesthesia.

4.5.1. Patient preparation

It starts by good communication with the patient and proper assessment of the underlying con‐
dition. Anti‐sialagogues should be applied for all patients whether it is oral or nasal, as secretions 
do not only affect the view but also limit the action of the local anesthetics. Commonly, it is rec‐
ommended to use intravenous 0.2 mg glycopyrrolate, 15 min before the procedure. For patients 
with high risk for aspiration, risk and benefit should be analyzed as airway anesthesia and long 
intubation time could compromise the airway reflexes and increase aspiration risk. Certain mea‐
sures have been recommended to minimize that risk: as intubation in head‐up position, admin‐
istration of 0.3 M sodium citrate 30 ml and Metoclopramide 10 mg or Ranitidine 50 mg within 
1 h before the start of the procedure. Patient positioning depends on the technique and patient 
and operator’s preference as well. Positions could be sitting (beach‐chair), lateral decubitus for 
awake FSI or supine positions for sleep FSI and prone position as a rescue technique.

Airway anesthesia is a critical step in the procedure. It can be done by applying the local 
anesthetic solutions, gel, or ointment by atomizer, nebulizer, or “spray as you go technique.” 
Airway anesthesia equipment includes atomizing devices, nebulizers, syringes and needles, 
and cotton swabs.

Combined techniques are always recommended to optimize the outcome. Combination of 4% lido‐
caine nebulization, atomization spray to tongue, and oropharynx followed by “spray as you go” 
through the working channel of the scope using epidural catheter are commonly applied together.

Cautions should be taken not to exceed with the lidocaine dosage above 6 mg/kg to avoid 
systemic toxicity. Trans‐tracheal local anesthetic infiltration and nerve blocks could be used 
with a skilled operator but it is not commonly done. Glossopharyngeal nerve block, superior 
laryngeal nerve block, sphenopalatine nerve block, and anterior ethmoidal nerve block are 
among the nerves that could be blocked; however, the discussion of each nerve technique will 
be beyond the scope of this chapter. For nasal anesthesia, vasoconstrictors as 1% phenyleph‐
rine or 0.05% oxymetazoline are added to the local anesthetics to minimize nasal bleeding.

Airway equipment includes flexible intubating scope, face mask, specialized oral airway, and 
endotracheal tube, antifogging agent, lubricating agent, nasopharyngeal airway, oral or nasal 
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mucosal atomization device (MAD) and video monitor. All equipment should be checked for 
functionality before any operation.

4.6. Technique

Oral intubation is the most common route. Stepwise approach should be followed: as ETT is 
loaded first to the scope, then oropharyngeal suction before insertion of scope, then applying 
of bite blocker or fiberoptic plastic airway (e.g., Ovassapian, Williams, or Berman). FSI should 
always be in the midline till satisfactory view is achieved. The working channel offers a source 
for suction, oxygen insufflation, or channel for epidural catheter during the procedure.

Nasal intubation has its advantage in avoiding the gag reflex; however, the chance of epi‐
staxis is high. Topical nasal decongestant such as 0.05% oxymetazoline and 1% phenylephrine 
should be used to decrease the nasal mucosal irritation and bleeding.

Awake intubation necessitates patient cooperation, adequate airway anesthesia; however,  
sedation may be required. The patient is asked to swallow or breathe deeply and smoothly. 
Sedation could be titrated on individual basis, based on the underlying comorbidities. Commonly 
used sedation is Remifentanil infusion starting with 0.05 µg/kg/min or Remifentanil target‐con‐
trolled infusion (TCI) mode with or without 1–2 mg Midazolam or Dexmedetomidine 0.3 µg/kg/h 
with or without Midazolam 1–2 mg or incremental doses of Midazolam 1 mg alone. Propofol TCI 
is another alternative to Midazolam as a sedative agent.

Sleep intubation could be done after induction of anesthesia in certain circumstances.

4.7. Strategies for success

It is important to keep in mind that FSI is a complex clinical procedure with requirements 
of special skills, which make even good preparation not enough to guarantee the success. 
Practicing certain adjuvant measures as strategies for enhancing the laryngoscopic view and 
facilitated ETT insertion could decrease the failure rate. Enhancing the view could be achieved 
by keeping airway patent by one or more of the following: jaw thrust, pulling tongue out by a 
gauze, fiberoptic oral airway placement, external laryngeal manipulation, insertion of laryn‐
goscopic blade with lifting the epiglottis away from the pharyngeal wall (VAFI technique), 
and clearing the lens fogging by gentle touch of mucus membrane. Facilitated ETT insertion 
aims to minimize a possible trauma from the blind insertion of the tube after the FIS has 
reached the carina. The facilitation could be done by a 90o anticlockwise rotation of the tube 
to avoid getting caught at right arytenoid, warming the tube, flexible tube and combination 
of direct and indirect laryngoscopic technique or using video‐assisted fiberoptic intubation 
(VAFI) technique.

4.8. Advantages

Flexible intubation scope is unique airway visualization equipment that offers great clinical 
help, not only in the management of difficult airway scenarios but also in the diagnosis and 
treatment as well. More details are described under bronchoscopy section.
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4.9. Disadvantages

FSI is a complex procedure with no straightforward steps. To master the technique, it requires 
a lot of practice with high learning curve. Extra equipments are always necessary; moreover, it 
requires time for preparation and cannot help in emergency situation. Nasal epistaxis, minor 
airway trauma as erythema, and vocal cord injury could occur.

5. Bronchoscopy in ICU

5.1. Introduction

Flexible fiberoptic bronchoscopy is frequently used for diagnosis and therapy, performed 
in ventilated patients via an endo‐tracheal tube or tracheostomy tube in ICU and other criti‐
cal areas. Indication may be diagnostic or therapeutic (Table 2). The most common indications 
include clearance of retained secretion, mucous plug, lung collapse, endobronchial brush, 
removal of blood clot, diagnosis of ventilator‐associated pneumonia by broncho‐alveolar 
lavage (BAL), trans‐bronchial biopsy, detection of airway lesions (e.g., neoplastic), endobron‐
chial ultrasound (US), and visualization of instruments during percutaneous tracheostomy. 
Contraindications are relative so each patient should be carefully assessed for risk benefits. 
Contraindications include uncooperative patient, unstable patient as severe hypoxemia, hyper‐
carbia, unstable asthma, recent myocardial infarction, or any situation of possible serious hem‐
orrhage after biopsy as uremia, tracheal obstruction or stenosis and pulmonary hypertension.

5.2. Management of the airway for bronchoscopy

Separate operator should manage airway and ventilation. The bronchoscopist should be 
prepared to interrupt the procedure immediately if there is destabilization. Patients are pre‐
oxygenated, anesthetized, paralyzed, and ventilated on 100% O2. Positive end expiratory 
pressure (PEEP) should be maintained. Impairment of gas exchange is common due to tube 
obstruction and when suction is applied through the scope.

Endotracheal tubes smaller than 8‐mm internal diameter may be significantly occluded by flex‐
ible fiberoptic bronchoscopy and this could impair ventilation and oxygenation. A lubricated 
swivel (or elbow) connector with a fitted rubber cap prevents loss of ventilation. If pressure‐con‐
trolled ventilation is used, peak pressure setting should be increased to compensate for the loss 
of tidal volume. Suction periods should be limited to 5 s or less. Thick secretions often require 
instillation of saline (10–20 ml) down the injection port to dissolve them. During broncho‐alveo‐
lar lavage (BAL), a sputum trap should be used between bronchoscope and wall suction.

5.3. Special situation with flexible fiberoptic bronchoscopy

• Bleeding dyscrasias: Coagulation studies, platelet counts, and hemoglobin concentration are 
necessary before the procedure especially when there are clinical risk factors for abnormal 
 coagulation. Bronchoscopy with lavage can be performed with platelet counts of >20,000 per/µl.
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• Pneumothorax: A chest radiograph should be obtained if a patient is symptomatic or if there is 
a clinical suspicion of possible pneumothorax after trans‐bronchial biopsy. Patients should 
be advised of the potential for delayed complications following trans‐bronchial biopsy.

• Fever and infection: Antibiotic prophylaxis is not warranted before bronchoscopy for the 
prevention of endocarditis, fever, or pneumonia.

• Ischemic heart disease: flexible fiberoptic bronchoscopy should ideally be delayed for 4 weeks 
after MI.

6. Percutaneous tracheostomy

6.1. Introduction

Mechanical ventilation can be delivered to the patient who requires ventilatory support either 
initially through endotracheal tube (ETT) for short‐term period or through tracheostomy tube, in 
cases where the respiratory support will be prolonged due to underlying medical reasons [15].

Tracheostomy versus intubation: The relative advantages and disadvantages of tracheos‐
tomy and endotracheal intubation are outlined in Table 3 [16–20].

Tracheostomy techniques: Bedside percutaneous tracheostomy is an alternative to opera‐
tive (open) tracheostomy, as it could be done either at the bedside or in the operating room. 
Successful performance of the bedside percutaneous procedure is related to the expertise 
of the operator and supportive personnel. Surgeons or well‐trained critical care clinicians 
could do with fewer complications. Choosing between open or percutaneous tracheostomy 
depends upon the availability of each procedure and institutional expertise.

Intubation Tracheostomy

Advantage • Highly skilled personnel are required.

• Stoma complication is less.

• Procedural complication is less.

• Ability to speech, swallowing.

• Ability to mobile and discharged outside 
ICU.

• Easy suction.

• Better patient satisfaction and comfort.

Disadvantage • Possible mouth, nasal or laryngeal injury.

• Cuff pressure complication.

• Requirement of tube exchange or possible 
ICU care.

• Cuff pressure complication.

• Stoma and fistula complications.

• Possible laryngeal injury, pulmonary and 
mediastinum complication.

• Mortality complication due de‐cannulation 
in improper time.

Table 3. Advantage and disadvantage tracheostomy versus intubation.
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Percutaneous versus operative: Percutaneous tracheostomy offers numerous advantages 
compared to operative tracheostomy: it requires less time to perform, it is less expensive, and 
it is typically performed sooner (because an operating room doesn’t have to be scheduled). 
In addition, overall complications may be less frequent with percutaneous tracheostomy than 
surgical tracheostomy, even though percutaneous tracheostomy has an increased risk of ante‐
rior tracheal injury and posterior tracheal wall perforation.

Data describing outcomes comparing both techniques are conflicting, which may reflect the 
different techniques used to perform percutaneous tracheostomy (e.g., ultrasound‐guided, 
bronchoscopy‐guided, dilatational, other).

6.2. Complication

Infection: In two meta‐analyses of randomized controlled trials, percutaneous dilatational tra‐
cheostomy reduced wound infections (e.g., odds ratio: 0.28, 95% CI: 0.16–0.49) compared to both 
surgical tracheostomy performed in the ICU and surgical tracheostomy performed in the oper‐
ating room. A separate meta‐analysis of 29 randomized and non‐randomized studies reported a 
similar reduction in the rate of wound infection with percutaneous tracheostomy [21].

Bleeding and mortality: When compared to surgical tracheostomy performed in the operat‐
ing room, only percutaneous dilatational tracheostomy has also been associated with reduced 
bleeding (odds ratio: 0.29, 95% CI: 0.12–0.75) and mortality (odds ratio: 0.71, 95% CI: 0.50–1.0). 
A similar reduction in overall mortality was reported in another 10‐year review of 616 trauma 
patients that compared those who underwent percutaneous tracheostomy with those who 
underwent open tracheostomy (10 vs. 15%) [17].

By contrast, another meta‐analysis of 20 trials reported no difference in mortality or major 
bleeding [18]. In a separate meta‐analysis, perioperative complications (including death, seri‐
ous cardiorespiratory events, and minor complications) were rare, but more common with 
percutaneous tracheostomy than with surgical tracheostomy. In another meta‐analysis of 29 
studies, no significant difference in bleeding or tracheal stenosis was reported [20].

Scarring: While one meta‐analysis reported no difference in the rate of tracheal stenosis or 
scarring, another reported significant reduction on the rate of scarring.

Taken together, the data suggest that percutaneous dilatational tracheostomy offers numer‐
ous advantages compared to surgical tracheostomy. However, the benefit of percutaneous 
tracheostomy may be substantially less dependent upon the technique employed.

6.3. Contraindications

Relative contraindications to percutaneous tracheostomy include age under 15 years of age; 
uncorrectable bleeding diathesis; gross distortion of the neck from hematoma, tumor, thyroid 
gland enlargement, or scarring from previous neck surgery; documented or clinically sus‐
pected tracheomalacia; evidence of infection in the soft tissues of the neck; obese and/or short 
neck which obscures landmarks; and inability to extend the neck because of cervical fusion, 
rheumatoid arthritis, or other causes of cervical spine instability.
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It should be reiterated that these contraindications are relative. Percutaneous dilatational tra‐
cheostomy has been performed successfully by skilled operators in patients who were very 
old, were morbidly obese, had a history of previous tracheostomy, or had thrombocytopenia 
(the patients received pre‐procedure platelet transfusions). It has also been performed suc‐
cessfully in patients receiving high‐frequency oscillation ventilation or positive end expira‐
tory pressure (PEEP) at a level of >10 cm H2O.

A study that evaluated the rates of bleeding complications during percutaneous tracheos‐
tomy showed that bleeding complications could be predicted by a platelet count less than 
50,000/µl, an activated partial thromboplastin time longer than 50 s, or the presence of two 
or more coagulation disorders. Administration of prophylactic subcutaneous heparin did not 
increase the risk of bleeding [18].

For patients undergoing a bronchoscopic‐guided percutaneous tracheostomy, a bedside 
checklist, similar to that performed for open tracheostomy performed in the operating room, 
may be associated with reduced procedural complications.

6.4. Complications

Acute: The most common acute (e.g., first few days) complications include obstruction and 
pneumothorax as well as postoperative hemorrhage and infection.

Obstruction: Percutaneous tracheostomy tubes can become partially obstructed by the pos‐
terior membranous trachea following initial placement, although symptomatic obstruction 
is uncommon. This complication appears to be related to the experience of the clinician per‐
forming the procedure. However, the swelling of the posterior tracheal wall could cause 
symptomatic compression of the tube up to 1 week after placement.

Subcutaneous emphysema and pneumothorax: The incidence of subcutaneous emphysema and 
pneumothorax is 1.4 and 0.8%, respectively [19]. Cadaver models revealed that imperfect 
positioning of fenestrated cannula and posterior wall perforation are possible mechanisms 
for these complications [19].

Chronic complications of tracheostomy (i.e., weeks and months) that are specific to trache‐
ostomy include the following:

• Tracheal stenosis: Granulation tissue is the main reason for tracheal obstruction in patients 
under long mechanical ventilation by tracheostomy, which differs from the stenosis that 
develops in endotracheal tube that will be appearing earlier and be web‐like. Stenosis of the 
trachea is not only below the tracheostomy tube, but it may occur above the tracheal stoma 
but below the glottis. That could contribute to high‐peak airway pressures and difficulty in 
weaning. Treatment includes the placement of a longer tracheostomy tube, surgical inter‐
vention, or the placement of a tracheal stent [20].

• Tracheoarterial fistula: Massive hemorrhage due to a tracheoarterial fistula is the most  devastating 
complication. Tracheoarterial fistula (most often a tracheoinnominate artery fistula) was more 
common in the past from low‐positioned tracheostomy tubes and is now rarely encountered 
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with several studies reporting an incidence of <1% in both short‐term and long‐term tracheos‐
tomies [21]. The development of a tracheoarterial fistula is a life‐threatening complication with 
a reported survival of 14%. Tracheoarterial fistulas are due to erosion from the tube tip or cuff 
into the anterior wall of the trachea resulting in a fistulous communication with the innominate 
artery as it passes anteriorly across the trachea. Patients may develop a “sentinel” bleeding 
followed by massive hemoptysis. Diagnosis is dependent upon a high index of suspicion, and 
when suspected, immediate action should be undertaken to stop the bleeding since diagnostic 
modalities such as angiography or bronchoscopy may lead to delay and death.

The following temporizing maneuvers may be performed while waiting for definitive ther‐
apy, which is surgical repair [22].

• In an attempt to compress the innominate artery, the tracheostomy or endotracheal tube 
cuff may be overinflated.

• If the above fails, an ETT may be placed orally, the tracheostomy removed, and the cuff 
inflated distal to the tracheostomy site.

• If that fails, a finger can be placed through the tracheostomy stoma and positioned distally 
into the trachea (“The little Dutch boy maneuver”); the finger is then pulled anteriorly to 
compress the artery against the sternum (pressure should be sufficient to lift the torso anteri‐
orly). Pressure should be maintained during transport to the operating room. Ventilation and 
oxygenation need to be preserved with a bag‐valve mask or intubation with an ETT orally.

Reduced phonation: Following tracheostomy, many patients experience a reduction in or loss of 
phonation, the duration of which may be prolonged or indefinite, and the effect of which can be 
devastating to some patients. Traditionally, speech valves are used in tracheostomized patients 
(with the cuff deflated) who successfully wean from mechanical ventilation and are able to self‐
ventilate. Preliminary data suggest that early phonation is feasible and may be beneficial when 
instituted during mechanical ventilation in tracheostomized patients. As an example, one ran‐
domized trial of 30 ventilated tracheostomized patients reported that early intervention with cuff 
deflation plus an in‐line speaking valve during mechanical ventilation shortened the time to pho‐
nation by 11 days, when compared with late intervention using the standard approach. Further 
research is needed before in‐line speaking valves can become routine for this population [22].

Others: Tracheoesophageal fistula is more commonly encountered with prolonged endotra‐
cheal intubation and is discussed separately.

Although not studied in a randomized trial, the complication rate associated with tracheos‐
tomy may be increased in obese patients with a body mass index of ≥35 [22].

Changing a tracheostomy tube: There are no universally accepted indications for changing 
a tracheostomy tube. Therefore, the following indications are based on clinical experience 
rather than on empirical evidence:

Routine changes: Tracheostomy tubes are routinely changed from 7 to 14 days after initial inser‐
tion and then every 60 to 90 days. Observational data suggest that changing the tracheostomy 
tube before 7 days may be associated with earlier use of a speaking valve and earlier ability to 
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tolerate oral intake. A consensus statement recommends changing the tracheostomy tube at 3–7 
days if inserted operatively but 10–14 days if placed via the percutaneous dilatational method.

Patient discomfort: Patient discomfort may respond to a reduction in the size of the tracheos‐
tomy tube.

Malposition: Tracheostomy tube malposition may respond to a change in the length or size of 
the tracheostomy tube.

Patient‐ventilator asynchrony: Patient‐ventilator asynchrony that is related to the tracheostomy 
tube may respond to changing the tube.

Cuff leak: A cuff leak may be due to malposition of the tracheostomy tube (particularly in the 
setting of tracheomalacia) and may respond to changing the tube.

Fracture: Fracture of the tracheostomy tube or flange is an indication for a new tracheostomy 
tube.

Type change: Changing a tracheostomy tube from one type to another may be indicated by the 
clinical circumstances; as an example, changing from a balloon cuff to either a foam cuff or a 
cuff‐less tracheostomy tube.

Bronchoscopy: Flexible bronchoscopy generally requires a tracheostomy tube with an inner 
diameter of at least 7.5 mm; thus, the tracheostomy tube may need to be changed to one with 
a larger inner diameter to facilitate bronchoscopy.

Decannulation: Appropriate candidates for tracheal decannulation after weaning from 
mechanical ventilation include patients who fulfill all the following criteria:

No upper airway obstruction, ability to clear secretions that are neither too copious nor too 
thick, and presence of an effective cough. In patients with neuromuscular disease, a peak 
cough flow greater than 160 ml/min generally predicts successful decannulation. The value of 
this measurement in patients without neuromuscular disease is unknown.

Failed decannulation has been associated with age, greater severity of illness, the presence of 
renal failure, and a shorter duration of spontaneous breathing prior to decannulation or the 
insertion of a tracheostomy plug.

7. Extubation in ICU

7.1. Introduction

The removal of endotracheal tube (ETT) termed as extubation is the last step of ventilatory 
weaning. Extubation step necessitates consideration of patient condition, experience with 
extubation techniques, and post‐extubation management.

Before extubation: Successful weaning from mechanical support is not the only prerequisite 
for safe extubation. Extubation is carried on patent airway with adequate airway reflex after 
independence from ventilatory support.
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Airway protection: Airway protection requires a conscious patient with a strong cough reflex 
and minimal secretions.

Typical criteria for successful weaning: Fully awake and cooperative, good muscle tone and 
function, intact bulbar function, stable hemodynamic, no dysrhythmias, Hb greater than 8.0 gm%,  
minimal inotropic requirements, optimal fluid balance, respiratory FiO2 < 0.4, PEEP < 10 cm 
H2O, no significant respiratory acidosis (PH > 7.3 or PaCO2 <6.5 kPa), good cough, normal 
metabolic pH, normal electrolyte balance, non‐distended abdomen, adequate nutritional sta‐
tus, normal CO2 production, and normal oxygen demands [23].

Some patients will be extubated without difficulty and others will rapidly deteriorate as a 
result of inadequate respiratory effort or clearance of secretions. Those patients will require 
re‐intubation, ventilation, and another period of optimization and consideration for tracheos‐
tomy. Some patients will benefit from weaning straight onto mask CPAP or NIV [23].

Difficult extubation: Extubation of a patient with a known difficult airway requires careful 
planning in anticipation for potential re‐intubation. If there are doubts about airway patency 
prior to extubation, then direct laryngoscopy, fiberoptic bronchoscopy, and assessment of 
leak upon cuff deflation are useful checks. Patients who are considered likely to be difficult to 
re‐intubate can be extubated with an airway exchange catheter in situ, to allow rapid re‐intu‐
bation. Intravenous dexamethasone, nebulized adrenaline, and Heliox have been used with 
variable success in such circumstances.

Risk factors for extubation failure are peak expiratory flow rate (PEFR) of ≤ 60 L/min, sputum 
volume production of > 2.5 ml/h, and compromised neurological status. Combination of three 
risk factors reliably predicts extubation failure by 100% compared to 3% if no risk factor men‐
tioned above is present [24].

Post‐extubation management: Post‐extubation care includes suctioning, bronchodilator ther‐
apy, diuresis, or noninvasive ventilation (NIV). Those measures could aid to prevent re‐intu‐
bation by improving the oxygenation and airway clearance.

Oxygen (including high‐flow nasal cannula (HFNC)): Every patient should be oxygenated 
post‐extubation. We prefer using devices that provide adequate oxygenation and comfort 
for the patient. For most patients, this goal is achieved with low‐flow devices (nasal prongs, 
simple, or venturi face masks). When higher flows of oxygen are required, high‐flow nasal 
cannula (HFNC) may offer improved oxygenation, provide a small amount of positive end 
expiratory pressure (PEEP), and is better tolerated when compared with oxygen delivered 
through low‐ or high‐flow face masks.

The efficacy of HFNC in the post‐extubation setting was best illustrated in a trial of 527 
patients who were mechanically ventilated for an average of only 1–2 days and considered 
to be at low risk for re‐intubation following extubation. Compared to conventional low‐flow 
oxygen therapy, HFNC reduced the rate of re‐intubation at 72 h (5 vs. 12%) as well as the rate 
of respiratory failure (14 vs. 8%). However, methodologic flaws such as imperfect blinding 
and the high proportion of postsurgical and neurologic patients, where HFNC may have 
improved secretion clearance, may have biased results in favor of HFNC. Although encourag‐
ing, this trial does not support the routine use of HFNC following extubation [25].
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In addition, while further studies are required to clarify who benefits the most from HFNC 
after extubation, its use in those who are severely hypoxemic is appropriate (e.g., partial 
arterial pressure of oxygen/fraction of inspired oxygen ratio <300). Further details regarding 
HNFC in other medical and postoperative populations and efficacy compared with NIV in 
post‐extubation patients are discussed separately.

8. High‐flow nasal cannula (HFNC)

8.1. Introduction

Different names and descriptions of this therapy:

HFNC: High‐Flow Nasal Cannula.

THRIVE: Transnasal Humidified Rapid Insufflation Ventilatory Exchange.

POINT: Perioperative Oxygenation Insufflatory Nasal Therapy (Figure 4).

Or transnasal insufflation or nasal high‐flow or nasal high‐flow ventilation or high‐flow ther‐
apy or high‐flow nasal cannula oxygen therapy.

HFNC oxygen delivery system involves a mixture of oxygen/air, an active humidified, heated 
circuit, and nasal cannula. The active heater and humidifier are able to deliver heated and 
humidified high flow reaching 60 L/min than has many physiological advantages. High flow 
is able to reduce dead space by maintaining PEEP inside the airway and supplying constant 
fraction of oxygen. In spite of limited evidence in literature in ICU, it has gained popularity 
among physicians in various critical conditions. The existing evidence in neonates proves 
that HFNC decreases the work of breathing by reducing the respiratory rate and sufficiently 
supports the patient ventilation, reducing the escalation of ventilator support [26].

Figure 4. High‐flow nasal cannula (HFNC) (Aqua VENT FD 140® from Armstrong Medical Company, Northern Ireland).
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As the evidence is still evolving, still the indications and contraindications should be consid‐
ered for each case individually.

8.2. Indications

• Hypercapnic respiratory failure.

• Hypoxemic respiratory failure.

• Post‐extubation.

• Pre‐intubation oxygenation.

• Sleep apnea.

• Acute heart failure.

8.3. Contraindication

• Bilateral nasal blockade as postnasal operations.

• Nasal bleeding.

• Nasal tumors.

• Nasal infection.

• It is also unlikely that HFNC can readily rescue those patients who have total airway ob‐
struction and its use in the presence of a known or suspected cranial base fracture is also not 
advised.

8.4. Advantages

• Better tolerated in some patients than face masks.

• Fixed performance, permitting accurate delivery of up to 100% oxygen in most clinical 
situations.

• Gas is warmed and humidified.

• Low‐level positive airways pressure is possible.

• An additional benefit is that nasal high‐flow devices have been shown to produce positive 
airway pressures of over 5 cm H2O, thus permitting their use in place of low‐level CPAP [26].

• It is an open system and we do not have to care about the tight contact of interfaces, and 
HFNC can be applicable to patients with claustrophobia.

8.5. Disadvantages

• Results of large‐scale clinical trials are still awaited.
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• More expensive than standard oxygen delivery devices.

• Not yet available in all hospitals, and rarely outside of critical care.

9. Usage of supraglottic airway devices (SGAD) in ICU

9.1. Introduction

Airway management in the critical care is challenging and differs from the operating theatre. 
The supra‐glottic airway devices (SGADs), especially the laryngeal mask airway (LMA), pro‐
vide a fast and lifesaving way in the critical events.

9.2. Advantages

• Can solve “Cannot Intubate, Cannot Ventilate” (CICV) scenario.

• Passing a Bougie through it, then intubation over a Bougie or using an Aintree Intubating 
Catheter (Cook Critical Care, Bloomington, IN, USA).

• Bronchoscopy through LMA.

• Used as an airway while performing a tracheostomy.

• Ventilation during cardiac arrest instead of an ETT, if no skilled staffs are available.

• Minimal skills requirements to use an LMA.

• No muscle relaxant is required.

• No contact with vocal cords, less irritating than ETT.

9.3. Disadvantages

• No guarantee for a good airway, as the tip may fold on itself blocking the airway.

• No good seal with no protection from aspiration.

• Intubating through the LMA could be problematic. As it has shown that the LMA opening sits 
perfectly above the cords only in 45–60% of the time [27]. This means almost half of the time 
the LMA is directing the ETT away from the cords. The situation is worse in difficult airway 
as the provider was perfectly capable of shoving the tube the wrong way without any help.

9.4. Evidence for and against the use of LMAs in critical care

• Experts have recommended the use of LMA in a “Cannot Intubate, Cannot Ventilate” 
(CICV) scenario while waiting for a better airway. It has shown that LMAs have saved lives 
in such situations [28].
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• The dilemma of LMAs not offering a good seal has no effect on clinical outcomes. Risk of 
aspiration has never been demonstrated, even with the old generations of LMA [29].

• No difference between the LMA and routine bag‐mask and ETT anesthesia [29]

• Using the LMA as an airway while performing a tracheostomy has no sufficient evidence in the 
literature. There is no difference in the rate of complications, but the tracheostomies involving 
LMAs seemed to be quicker, may be due to less time to adjust the ETT cuff above the cords [30].

10. Endotracheal tube exchanger in ICU

10.1. Indications

• Mostly due to a cuff leak.

• The need for a different endotracheal tube (ETT) size as when smaller one is needed in 
 patients with vocal cord edema or larger ETT for flexible bronchoscopy procedure.

• Change of special types of ETT like reinforced or double lumen to ordinary ETT.

10.2. Complications

However, exchanging the ETT may be life‐threatening and lead to

• Esophageal intubation.

• Loss of the airway.

• Severe hypoxia.

• Cardiac arrest.

The risk may be more in those with a difficult airway or those with poor cardiopulmonary reserve.

10.3. Techniques

The ideal way for ETT exchange has not yet been studied. Experienced team with advanced 
airway skills should be consulted priorv to ETT replacement.

The ETT placement can be done under direct laryngoscopy or indirect laryngoscopy with or 
without a Bougie guide. The initial airway assessment by direct laryngoscopy will determine 
which tool should be used. When a good laryngeal view is obtained by direct laryngoscopy, 
ETT can be introduced safely; however, in difficult laryngeal view, video laryngoscopy should 
be sought. Intubation medications are recommended to be used as well in tube exchange. 
Video laryngoscopy has been shown, compared with historical controls, to reduce the num‐
ber of attempts at ETT exchange, with fewer complications including hypoxemia, esophageal 
intubation, bradycardia, and need for rescue airway device intervention [31].
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11. Virtual endoscopy and 3D reconstruction of airway

Virtual endoscopy (VE) (Figure 5) is a noninvasive technology by which two‐dimensional 
(2D) or three‐dimensional (3D) images are reconstructed by computer software from high‐
resolution computed tomography (CT) scan (Figure 6). Virtual bronchoscopy was initially 
reported in 1993, but it was modified in 1996 to be used in virtual laryngoscopy. The virtual 
images reconstructed by software have comparable quality of fiberoptic views with sensitivity 
of 100% to detect upper airway lesions [32, 33]. The novel application of virtual laryngoscopy 
is eminent in the assessment and staging of upper airway lesion, comprehensive preopera‐
tive airway assessment, and planning of complex reconstructive upper airway surgeries. The 
“fly‐through” reconstructions provided accurate and comparable images to fiberoptic bron‐
choscopy, which provided valuable information for the evaluation of the airway passages in 
a step forward prior to going to the difficult airway management (Figure 5). The utilization 
of the 3D imaging package is now commercially available within the workstation delivered 
by the different vendors worldwide, to obtain 3D models of the airway. This approach will be 
the added value and advantage that most anesthetists and intensive care physician would be 
able to use this technology to construct VE images of the airway from existing CT images and 
find them easy to interpret (Figure 7).

Figure 5. Virtual endoscopic evaluation of the air way. The vocal cords are well demonstrated. The accompanied 
reference images in axial, coronal, and sagittal planes with the virtual endoscope are noted, and its apex represents the 
eyepiece while the base represents the virtual lens.
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Figure 6. Curved MPR multi‐planar reconstruction of the airway showing the entire airway in single plane from the 
nares down to the trachea allowing accurate measurement and orientation of the airway caliber at the different levels.

Figure 7. Lateral projections of the SSD‐shaded surface display using volume‐rendering techniques for the airway.  
SP: sphenoid sinus; NS: nasopharynx; VC: vocal cord.
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This state‐of‐the‐art technology has a promising future value in airway management for both 
anesthesiologists and intensivists as they will be able to easily interpret the airway images by 
noninvasive way (Figure 8).

12. Ultrasound in airway management

12.1. Introduction

Ultrasound (US) examination of the upper airway in critically ill patients supplies a number 
of attractive advantages compared with competitive traditional imaging techniques or endos‐
copy. It is widely available, portable, repeatable, relatively cheap, pain‐free, safe, and bedside 
machine in every operating theater and ICU suite.

Figure 8. Antero‐posterior (AP) curved MPR multi‐planar reconstruction of the airway showing the entire airway in 
single plane from the nares down to the trachea allowing accurate measurement and orientation of the airway caliber at 
the different levels. MS: maxillary sinus; V: vallecula; PS: piriform sinus.
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12.2. Uses in airway management

• Locate the anatomy of major vessels and the thyroid gland in relation to tracheostomy site 
[34].

• Localize tracheal rings and cricothyroid membrane (Figure 9).

• Identify midline, puncture site for percutaneous tracheostomy.

• Checking of endotracheal intubation and detection of esophageal intubation [34].

• Estimation of gastric content [35].

• Recognize the air‐tissue border from tongue to mid‐trachea and at the pleural level [36].

• Localize the trachea by combining palpation of the sternal bone with US.

• Identify the “string of‐pearls” sign that identifies the tracheal rings and mark the cricothy‐
roid membrane as part of difficult airway management skills [34].

• Recognize sonographic evidence of lung movement during respiration and exclude a 
pneumothorax [34].

• Recognize endobronchial intubation and one‐lung ventilation [36].

13. Recommendations

The airway competence in ICU should be coping with the rapidly evolving advances in 
airway management. Therefore, efforts should be focused on the three pillars of airway 

Figure 9. Ultrasound images of larynx and trachea rings.
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mastery: airway providers as intensivists or critical care physicians, equipment, and opera‐
tional plans. Not all institutions can afford all airway equipment in the market; however, 
they should make sure that critical care providers have a full access to the available tools 
and they are comfortable using it. Educational sessions and refresher courses should be 
tailored to meet the competence level of the ICU providers and equipment availability. 
Operational plan includes developing institutional airway protocols and implementing dif‐
ficult airway guidelines. The protocols should consider different staffing models of ICU 
and make sure all the time at least one member of the team with the highest experience in 
airway should be always available.

14. Key points

• Airway management in intensive care patients may be lifesaving or life threatening.

• Maintenance of patent airway, adequate ventilation, and pulmonary gas exchange are very 
important in critically ill patients. Airway management in intensive care patients differs 
significantly from routine surgical procedures in the operating room.

• Critical care physicians should be familiar with the equipment and the techniques to main‐
tain and secure the airway.
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Abstract

Monitoring is a cognitive aid that allows clinicians to detect the nature and extent of
pathology and helps assessment of response to therapy. The cardiovascular system is the
most commonly monitored organ system in the critical care setting. It helps identify the
presence and nature of shock and guides response to resuscitation by detection of
cardiac rate and rhythm, evaluation of volume state, cardiac contractility and systemic
vascular resistance. Newer technologies allow greater assessment of oxygen delivery to
vulnerable tissues. We discuss the nature, history, modalities and interpretation of the
most commonly available haemodynamic monitoring methods in clinical use currently.

Keywords: monitoring, arterial pressure, pressure transduction, oscillometry, plethys-
mography, volume state, central venous pressure, pulmonary artery occlusion pressure,
stroke volume variation, cardiac output, pulmonary artery catheter, transpulmonary
dilution, Fick principle, oesophageal Doppler, echocardiography, pulse contour analysis,
tissue perfusion, lactate clearance, arteriovenous PCO2 gradient, mixed venous satura-
tion, central venous saturation, gastric tonometry

1. Introduction

The verb ‘monitor’ is derived from the Latin word monere- to warn. While there is little
conclusive evidence that any one modality of monitoring changes patient outcomes signifi-
cantly [1], all forms of critical care monitoring should be considered cognitive aids providing
information beyond conventional physical examination. Synthesising this added information in
the patient’s individual context to improve clinical decision-making, thus enabling early aggres-
sive manipulation of patient physiology is key to the management of critically unwell patients.

Monitoring is an integral part of critical care practice and is essential to the daily care of the
critically ill patient. The goal of all resuscitation is prevention or treatment of organ dysfunction

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



and cellular injury by optimisation of tissue oxygen delivery according to the metabolic need.
Manipulation of the macro-circulation to defend capillary autoregulation and micro-circulatory
oxygen delivery relies heavily on the advanced haemodynamic monitoring to optimise volume
state and cardiac function. Critical care monitoring and end points of resuscitation are now
integrated into many resuscitation pathways and best practice guidelines [2, 3].

Invasive haemodynamic monitoring is now ubiquitous in critical care practice. Invasive mon-
itoring assists both in the diagnosis and assessment of response to therapy in shock states and
helps distinguish hypovolemic, cardiogenic, obstructive and distributive shock states.

It is incumbent on the critical care practitioner not only to be familiar with the commonly used
modalities of haemodynamic monitoring but also to understand the physical principles under-
lying the monitoring equipment, allowing competent interpretation of haemodynamic data for
use in clinical practice, identification of artefacts and effective troubleshooting of equipment.

2. Haemodynamic monitoring standards for critical care units

Patients admitted to critical care units in general show evidence of (single or multiple) organ
failure or are at risk of such organ failure. Haemodynamic instability, leading to mismatch
between tissue oxygen delivery and demand, is a major contributing factor for organ failure.
All critically unwell patients should be monitored, but the degree of monitoring may vary
depending on the severity of organ dysfunction [4].

The minimum standards of monitoring in a critical care environment are specified by the
College of Intensive Care Medicine and they are as follows [5]:

• Continuous electrocardiography

• Non-invasive arterial pressure monitoring

• Pulse oximetry

• Central and cutaneous temperature monitoring

• End tidal capnography (to confirm tracheal placement of endotracheal or tracheostomy
tubes and to monitor all patients receiving ventilatory support)

• Continuous monitoring of ventilation

• Endotracheal cuff monitoring

• Pressure monitoring–continuously and simultaneously display arterial, central venous
and at least one other pressure

• Where indicated, monitoring and display of other physiologic variables such as cardiac
output
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Patients in or at high risk of respiratory or circulatory failure should have, at the very least, an
arterial line for continuous invasive blood pressure monitoring and regular sampling of arte-
rial blood gases and serum lactate.

Delivery of most pressors and inotropes necessitates central access. While the role of central
venous pressures in estimating ‘volume state’ has been questioned repeatedly in literature, it
does allow opportunity for central venous pressure monitoring.

Where indicated, further monitoring to monitor cardiac output, pulmonary artery pressures,
volume state and tissue-oxygen extraction, may need to be instituted.

3. Physical principles of pressure transduction

Pressure transduction is in widespread use in the critical care environment, with pressure
indices being measured for a variety of invasive haemodynamic variables such as arterial
pressure, central venous pressure, pulmonary artery pressure and the like.

The basic transducer system is common to all means of invasive pressure monitoring. It
consists of a fluid-coupled strain gauge system.

A cannula directly inserted into the lumen of the vessel whose pressure is being measured
is connected through sterile plastic tubing containing fluid at high pressure to a strain
gauge.

The strain gauge system itself, in modern clinical practice, is a semiconductor strain gauge
integrated into a silicon diaphragm. The pressure wave transmitted through the fluid coupling
system deforms the crystal lattice structure of the silicon, changing the resistance. Most mod-
ern transducers have four such piezoresistors within the diaphragm area (see Figure 1), with
two being subject to tangential and two to radial stress [6].

The resistors are connected in a four-arm configuration and provide an output such that

Vout=Vsupplied ¼ ΔR=Ω ð1Þ

where Vout = measured output voltage; Vsupplied = supply voltage (known); Ω = base resistance
of resistor (known) and ΔR = change in resistance with applied pressure.

The output current is shielded from AC power supply pickup and displayed on the monitor.
Commercially available transducers are individually calibrated and have a high level of
accuracy.

The transducer is initially zeroed to ambient air pressure and then connected to the patient’s
circulation in a circuit as shown in Figure 2.
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Figure 1. Piezoresistive integrated semiconductor pressure sensors incorporate four piezoresistors in the diaphragm.
When the diaphragm is deflected, two resistors are subjected to tangential stress and two to radial stress. The four are
connected to a four-element bridge.

Figure 2. Standard fluid-coupled transducer set up for pressure monitoring.
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4. Continuous electrocardiography

Continuous electrocardiography is a common way of monitoring both cardiac rate and rhythm
in critical care units and almost ubiquitously applied in regular critical care practice.

Adequate information can be gained from a three-lead single-channel display although it is
often conventional to use a five-lead dual-channel display.

If there are specific concerns regarding evolving cardiac ischemia, most modern monitoring
systems permit the use of conventional 12-lead continuous display. The need for on-going
continuous 12-lead views is rarely necessary. As part of routine practice in most units, though,
it is conventional to monitor 12-lead ECGs at least daily and serially where indicated (e.g.
evolving myocardial ischaemia).

Critical care units involved with significant volumes of cardiothoracic surgical care and/or
cardiology should use equipment that can accurately detect pacing activity and represent it
on the continuous electrocardiography display.

5. Arterial pressure monitoring

Arterial blood pressure monitoring, whether by direct or indirect means, forms an essential part
of any cardiovascular assessment and is one of the vital signs routinely assessed in every patient.

In 1733, Stephan Hales was the first to describe the measurement of ‘the force of blood’ in
animal experiments using a water manometer in Haema Staticks.

5.1. Non-invasive blood pressure monitoring

In 1896, Scipione Riva Rocci described the use of a pneumatic cuff using Vierordt and von
Basch’s adaptation of Poiseuille’s mercury manometer. His technique, first published as ‘Un
nuovo sfigmomanometro’ in Gazetta Medical do Torino, of inflating a rubber pneumatic cuff cased
in a non-expansile material wrapped circumferentially round the arm to occlude the radial
pulse, letting the air escape and measuring the pressure at which the pulse reappears (the
systolic blood pressure), is still used in clinical practice worldwide.

In 1905, Nikolai Korotkoff described systolic and diastolic blood pressure measurement by
auscultation. He combined Riva Rocci’s cuff technique with a binaural stethoscope. Like Riva
Rocci, he inflated the arm cuff till the pulse was occluded. He then auscultated the brachial
artery, measuring both the pressure at which the brachial pulse became audible (systolic blood
pressure) and then became inaudible again (diastolic blood pressure) as the cuff was slowly
deflated [7].

Blood pressure measurement became widespread in clinical practice at the instigation of John
Harvey Cushing. It is now standard of care to measure blood pressure in most healthcare
settings and it is recognised as a vital sign.
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Thus, simple non-invasive indirect arterial blood pressure management entered routine car-
diovascular assessment as a measure additional to the classic palpation of rate, rhythm,
volume and character of peripheral and central pulses described by Galen and Celsus—a
practice dating back to ancient times and described in medical textbooks from India, China,
Egypt and Greece.

All non-invasive measures of arterial pressure rely on the detection of blood flow. Over the
latter half of the twentieth century, automated techniques of non-invasive blood pressure
measurement were developed and refined. Oscillometry and finger plethysmography are
currently the most commonly used techniques in Australasia.

Oscillometry is essentially an automated refinement of the Korotkoff technique. Oscillations at
the cardiac frequency are high pass filtered out and plotted into an oscillometry envelope.
Oscillations in the cuff pressure increase in amplitude as the cuff pressure falls between
systolic and mean arterial pressures. The point of maximum oscillation amplitude corresponds
closely with the mean arterial blood pressure. The amplitude of oscillations then falls between
mean and diastolic blood pressure. The exact point on the oscillometry envelope used to
determine systolic and diastolic blood pressure remains controversial and commercially avail-
able oscillometric systems use proprietary algorithms that are not available for public scrutiny.
Overall, mean arterial pressures measured by oscillometry closely approximate invasive mean
arterial pressures [8].

Since Jan Penaz first described the volume clamp technique of determining blood pressure
using continuous finger plethysmography in the 1960s (based on the previous work of Karel
Wesseling), various devices have been developed that provide arterial pressure tracings and
continuous non-invasive measures of blood pressure using cuff-based finger plethysmogra-
phy. Commercially available systems vary from the FinapresTM (Finapres Medical Systems BV,
Netherlands) to the recently released ClearSightTM (Edwards Lifesciences, USA), which com-
bines finger plethysmography with pulse contour analysis to estimate continuous cardiac
output.

Ultrasound detection of arterial wall motion using devices like Puritan Bennett’s InfrasondeTM
[9] and photometric wave velocity measurement (pulse transit time bears an approximately
inverse ratio to systolic blood pressure) has been described [10].

5.2. Invasive blood pressure monitoring

Invasive arterial pressure monitoring is standard of care in most modern critical care units. It
consists of percutaneous insertion of a cannula into a peripheral artery identified either by
palpation or under ultrasound guidance.

The common sites for arterial cannulation include radial, ulnar, brachial, axillary, femoral and
dorsalis pedis arteries. Cannula sizes usually vary between 18 and 22 gauge.

The arterial cannula is attached to a fluid-coupled pressure transducer system as described
above and provides accurate beat-by-beat measurement of arterial pressure besides providing
a sampling port for arterial blood gases and blood tests.
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There is little evidence that any one site is ‘safer’ than another for arterial cannulation. The
shape, size or material of the catheter and the duration of insertion does not seem to influence
the risk of complications. There is little evidence to support the utility of an Allen’s test prior to
radial artery cannulation [11]. The author prefers to avoid end arteries like the brachial.

Like all invasive procedures, arterial cannulation comes with potential risks including local
haematoma formation, ischaemia of the distal limb, ischaemia of the overlying skin, retrograde
embolisation, pseudo aneurysm, arteriovenous fistula formation and injury to surrounding
structures. The sampling port remains an obvious source of infection, but, compared to central
venous access devices, the risks of line-related sepsis are far lower from arterial catheters alone.
Finally, it is good practice to clearly label the arterial line and its connections to minimise the
risk of inadvertent retrograde injection.

In addition, technical factors associated with the fluid-coupled transduction system need to be
taken into account. Specifically, it is important to verify that the transducer has been zeroed
appropriately to ambient air pressure at the phlebostatic axis. It is vital to assess the pressure
tracing itself to see if the dicrotic notch is visible and whether there is evidence of ‘damping’
(where there is an excess of compliance in the system, e.g. due to air in the fluid coupling,
inadequately inflated pressure bag or excess length of transducer tubing) or ‘ringing’ (often
noted as a spike or ‘overshoot’ of the systolic pressure trace caused by a poor compliant
transduction system, and sometimes, due to resonance with reflected waves from the radial
styloid process or similar anatomical structures).

5.3. Interpretation of arterial pressure monitoring data

Over the years, blood pressure monitoring has been used as a surrogate measure of overall
cardiovascular function, with an abnormal blood pressure being a significant marker of
haemodynamic dysfunction.

In essence, blood pressure is directly proportional to both cardiac output and systemic vascu-
lar resistance.

Thus, arterial hypotension may indicate decreased stroke volume due to hypovolaemia and
decreased systemic venous return, poor myocardial contractility or cardiac outflow obstruc-
tion due to pulmonary embolus or tamponade. Equally, it may be due to vasodilation due to
sepsis or systemic inflammatory response. Often, it may be a combination of more than one
factor. In short, hypotension is an excellent, if sometimes late marker of circulatory dysfunction
and/or impairment of tissue perfusion. However, it is only one of the many parameters a
clinician needs to assess the aetiology of circulatory dysfunction and distinguish between
hypovolemic, distributive, cardiogenic and obstructive shock.

Significant persistent hypotension is often associated with evidence of end organ compromise
due to failure of autoregulation of blood supply through the tissue capillary beds, evidenced
by poor peripheral circulation (with decreased peripheral and central capillary refill), altered
levels of consciousness, renal dysfunction with oligoanuria and abnormal renal functionmarkers
in the serum, hepatic dysfunction (commonly a transaminitis with aspartate transaminase
rising higher than alanine transaminase) and evidence of increasing anaerobic metabolism
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characterised by a rise in serum lactate. Similarly, resolution of these factors, together with return
to baseline blood pressure or normotension, is a marker of successful resuscitation.

It is important to note that while the left ventricle generates pulsatile systemic blood flow,
tissue capillary beds receive continuous blood flow at a constant pressure and most capillary
beds are able to autoregulate the flow of blood within the organ at pressures between 55 and
110 mmHg. The aorta plays the vital role of converting pulsatile cardiac outflow into the
steady blood flow perfusing the tissues. Thus, tissue perfusion relies on mean arterial pressure.
The coronary circulation, on the other hand, relies on diastolic blood pressure for perfusion.
Systolic blood pressure largely denotes the shear force of the pulsatile outflow on the elastic
tissue of the aorta and the larger arteries. It is also important to remember that there are
differences between pressures measured at different points in the arterial tree. The further out
in the arterial tree the measurement is taken, the higher the measured systolic pressure and the
lower the diastolic compared to pressures at the aortic root. The difference between systolic
pressures measured in a proximal vessel (e.g. femoral artery) and a distal vessel (e.g. dorsalis
pedis artery) is not clinically significant and the mean pressure, which determines tissue
perfusion, is nearly identical regardless of the point of measurement.

With invasive measurement in an accurately zeroed and adequately damped transducer sys-
tem, the measurement of systolic, diastolic and mean arterial pressure (defined as the area
under the waveform-time curve divided by the time interval of the beat) is fairly accurate and
reliable. The arterial waveform itself provides visual confirmation of the pulsatile blood flow
in the vessel being transduced.

With non-invasive measures, the exact values of systolic and diastolic pressure vary depending
on the technique and, to an extent, the operator. The mean arterial pressure may be approxi-
mated to diastolic pressure +1/3 (difference between systolic and diastolic pressure). The Riva
Rocci palpatory technique does not measure diastolic pressure and there may be significant
inter-observer variability with both the palpatory and auscultatory (Korotkoff) methods of
blood pressure determination, especially in haemodynamically unstable patients. Mean arte-
rial pressures measured by oscillometry are usually accurate. However, the measurement of
diastolic and systolic pressures is based on proprietary algorithms and the determination of
diastolic pressure, especially, is problematic. Finger plethysmography and photoelectric
methods using peripheral pulse transit time rely on adequate peripheral blood flow. They are
difficult to acquire reliably in shocked, peripherally shut down patients—the subset whose
management benefits most from regular arterial pressure monitoring.

6. Measurement of cardiac output

Cardiac output is the volume of blood pumped by the heart per unit time. It is the product of
heart rate and stroke volume. It can be manipulated by alterations to heart rate and rhythm,
preload, contractility and afterload.

Measurement and optimisation of cardiac output ultimately is the best way to guide and
facilitate tissue perfusion and oxygenation.
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There are different methods of measuring cardiac output based on the Fick principle, thermo
dilution, pulse contour analysis, Doppler and bio-impedance. Each method comes with its
own advantages and disadvantages. The ideal mode of monitoring would be minimally or
non-invasive, cost effective, continuous, reproducible and reliable in a variety of physiologic
states with a fast response time [12].

6.1. Fick principle

This is the gold standard for cardiac output measurement. The Fick principle is based on the
fact that the total uptake (or release) of a substance by the peripheral tissues is equal to the
product of the blood flow to the tissue and the arterial-venous concentration difference of
the substance.

In practice, the simplest way to measure this is in terms of oxygen consumption, i.e. the
difference between inspired and expired oxygen. The cardiac output is calculated thus

CO ¼ VO2=ðCaO2 � CvO2Þ ð2Þ

where CO = cardiac output; VO2 = oxygen consumption; CaO2 = arterial oxygen concentration;
CvO2 = venous oxygen concentration.

Accurate measurement of VO2 outside of stringent physiology laboratory conditions is diffi-
cult and so this method is not commonly applied in clinical practice.

When used in clinical practice for ventilated patients, it is easier to estimate pulmonary
capillary blood flow by measuring the volume of CO2 produced, the alveolar and mixed
venous CO2 [13]. This is done by periodically introducing a dead space into the ventilator
circuit and assuming pulmonary end capillary, arterial and end tidal CO2 rise instantly but
mixed venous PCO2 does not. Cardiac output is estimated thus

CO ¼ QPCBF ¼ ΔCO2=ðCVCO2 � CACO2Þ ð3Þ

where CO = cardiac output; QPCBF = pulmonary capillary blood flow; ΔCO2 = CO2 excreted by
lungs per minute = (expiratory flow) � (CO2 fraction in expired air); CvCO2 = mixed venous
CO2; CACO2 = alveolar arteriolar CO2 = (end tidal CO2)� (slope of the CO2 dissociation curve).

The available systems are limited in that they are designed for use in patients who are intubated and
ventilated. Concerns have previously been expressed about using rebreathed CO2 in the circuit,
leading to raised ETCO2 and tachycardia, leading to an artefactually elevated cardiac output mea-
surement [14]. Moreover, measured expired PCO2 may not reflect change in pulmonary capillary
and arterial PCO2 and CO2 may not have had a chance to reach a steady state within the limited
sampling time. The actual slope of the CO2 dissociation curve also varies with both haemoglobin
content and PCO2. Errors in measurement may be introduced in patients with significant V/Q
mismatch or intracardiac shunt (where pulmonary blood flow may not represent total cardiac
output), severe chest trauma and high cardiac output states with low minute ventilation.
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6.2. Pulmonary artery catheterisation

Pulmonary artery catheterisation [15] and thermo dilution to measure cardiac output has been
the gold standard in clinical practice. In the end expiratory phase, a known volume of injectate
(usually saline or dextrose at room temperature or cooler) is injected rapidly (in less than 4 s) to
rapidly lower the temperature of the pulmonary artery and the change in blood temperature
over time is monitored. In essence, the rate of blood flow is in inverse proportion to the change
in temperature and mean change in temperature is therefore inversely proportional to the
cardiac output. The Stewart Hamilton equation is then used to derive the output.

CO ¼ ½VðTb � TiÞ�K1½K2=TðbÞt dt� ð4Þ

where CO = cardiac output; V = volume of injectate; Tb = temperature of blood; Ti = tempera-
ture of injectate; K1, K2 = correction constants for specific heat and density of injectate and for
blood and dead space volume; T(b)t dt = change in blood temperature as a function of time.

Instead of thermo dilution, dye dilution has also been used to measure cardiac output with
pulmonary artery catheters. If a dye like indocyanine green is injected into the pulmonary
artery, the change in its concentration is related to the rate of blood flow and can be calculated
from the Stewart Hamilton equation thus

CO ¼ I
ð
Ci dt ð5Þ

where CO = cardiac output; I = amount of indicator (in moles);

Ci dt = integral of indicator concentration over time.

There are commercially available cardiac output catheters capable of continuous cardiac output
monitoring. These use intermittent heating of blood in the pulmonary artery through a heating
filament integrated into the catheter and calculate the cardiac output by thermo dilution.

There is a significant margin of error of up to 15% in measurement of cardiac output by pulmo-
nary artery catheter thermo dilution. There can be up to 10% variation in the measured output
without significant change to the patient’s clinical state.

Pulmonary artery catheters carry a significant risk of complications including catheter malposi-
tion, catheter migration, catheter knotting, pulmonary artery rupture, valve injury, arrhythmia,
thrombus on catheter leading to embolisation, air embolus from balloon rupture, infection and
haematoma. Failure to inject at end expiration, injection time of greater than 4 s, temperature
sensor touching the vessel wall, severe tricuspid regurgitation, profound hypothermia, intracar-
diac shunts and infusions running rapidly in other ports of the catheter may all lead to inaccu-
racies in the measured thermo dilution cardiac output. In a randomised control trial, risks of
catheter-related complications rose significantly from 0.7% associated with central venous cath-
eters to 1.5% associated with pulmonary artery catheters, though there was no significant
increase in mortality or hospital length of stay [16]. Later, the PAC-Man trial was unable to
demonstrate significant benefit or harm with the use of pulmonary artery catheters [17].
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6.3. Transpulmonary dilution techniques

Over the last two decades, various techniques have been described and entered clinical prac-
tice, using thermo dilution or dye/indicator dilution techniques. These are all based around the
injection of a bolus into the right atrium via a central venous catheter and the detection of
temperature change or dye/indicator concentration at a proximal artery (femoral, axillary or
brachial). Using the Stewart Hamilton equation as above, cardiac output can be calculated by
any of these techniques.

In addition, it is possible to calculate the mean transit time of the injectate from the dilution
curve. Multiplying the mean transit time with the cardiac output allows calculation of the total
intrathoracic thermal (in thermo dilution), water (using lithium injectate) or blood (using
indocyanine green) volumes with these devices. Subtracting intrathoracic blood volume (mea-
sured by indocyanine green dye dilution) from total intrathoracic fluid volume (measured
using thermo dilution or lithium) allows assessment of extravascular lung water.

Measurements of cardiac output using transpulmonary dilution (see Figure 3) correlate well
with measurements using pulmonary artery catheter or using the Fick principle, with an
estimated added margin of error of around 5%.

Figure 3. Schematic diagram for transpulmonary dilution technique for measurement of cardiac output.
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While the risks of inserting catheters for transpulmonary dilution are identical to the individ-
ual risks of inserting arterial and central venous catheters, it is important to recall that the
central venous catheter tip must lie as close as practicable to the right atrium. Femoral central
venous catheters are not appropriate—the volumes measured include the variable contents of
an extremely compliant capacitance vessel—the inferior vena cava!

6.4. Pulse contour analysis

Pulse contour analysis is predicated on the principle that the area under the systolic curve is
proportional to the stroke volume. The arterial waveform (dP/dt) is analysed, and after cali-
bration for arterial compliance, systemic vascular resistance and patient-specific calibration
factors, the stroke volume is calculated.

Various monitors such as the LiDCO PlusTM (Cambridge, UK) and the PiCCOTM (Pulsion
Medical System, Germany) use transpulmonary dilution to calculate the cardiac output and
correlate this to pulse contour analysis to provide continuous cardiac output monitoring. The
continuous cardiac output is recalibrated every 4–8 hours (depending on the manufacturer’s
specifications) to cardiac output derived from transpulmonary dilution.

Devices like the FloTracTM/EV1000TM system (Edwards Lifesciences, USA) allow pulse contour
analysis of the arterial waveform acquired from any arterial catheter without the need to
calibrate to other methods of cardiac output measurement. The EV1000TM monitor can also
be combined with the ClearSightTM (Edwards Lifesciences, USA) probe, which uses a finger
cuff-based volume clamp technique to acquire the arterial waveform.

6.5. Oesophageal Doppler

Oesophageal Doppler uses a flexible probe with a transducer at the tip that can be inserted like
an orogastric tube into the oesophagus to a distance of 30–40 cm from the teeth oriented
parallel to the descending thoracic aorta. Blood flow velocity is determined from the shift in
frequency of red blood cells. Velocity time integral (VTI) is calculated from the velocity time
curve of the Doppler envelope. The diameter of the aorta is ideally determined by ultrasound.
Assuming the descending thoracic aorta carries 70% of total cardiac output

CO ¼ HR:CSA:VTI=0:7 ð6Þ

where CO = cardiac output; HR = heart rate; CSA = measured aortic cross-section area; VTI =
velocity time integral of the Doppler curve.

It is contraindicated with intra-aortic balloon pumps, anatomical anomalies such as coarctation
of aorta or extrinsic compression of the descending aorta. In children, there is significant
variation in the cross-sectional diameter during each beat and CSA cannot be accurately
measured. Finally, in shock states, it is hard to know if the assumption that 70% of cardiac
output goes to the descending aorta is true or not. Nevertheless, it is a simple device to use,
with few contraindications or significant risks and the cardiac output measured with this
device correlates well with pulmonary arterial catheter measurements.
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6.4. Pulse contour analysis

Pulse contour analysis is predicated on the principle that the area under the systolic curve is
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of aorta or extrinsic compression of the descending aorta. In children, there is significant
variation in the cross-sectional diameter during each beat and CSA cannot be accurately
measured. Finally, in shock states, it is hard to know if the assumption that 70% of cardiac
output goes to the descending aorta is true or not. Nevertheless, it is a simple device to use,
with few contraindications or significant risks and the cardiac output measured with this
device correlates well with pulmonary arterial catheter measurements.
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6.6. Echocardiography

Australasian critical care practice has enthusiastically embraced the use of echocardiography
and most practitioners have reasonable familiarity with the technique [18].

Using a transthoracic or transoesophageal probe, valuable information is gained not just
about the global contractile function and filling state of the patient but also regarding regional
wall motion abnormalities, pericardial or proximal aortic pathology and valvular abnormali-
ties. The greatest advantage in clinical practice is the direct view of left ventricular function
and its ability to directly measure volumetric indices (e.g. left ventricular end diastolic
volume, LVEDV) than surrogate pressure indices (e.g. pulmonary artery occlusion pressures)
as markers of volume state.

Two-dimensional echocardiography provides valuable information on systolic function includ-
ing fractional shortening or fractional area change, which can then be approximated to left
ventricular ejection fraction. It also provides valuable information on the filling state (e.g. no
specific training is needed to interpret the ‘kissing’ left ventricular walls in severe hypovolaemia
or the dilated inferior vena cava with no diameter change during forced inspiration). In experi-
enced hands, subtle abnormalities in relaxation patterns give excellent clues to diastolic ventric-
ular function. Finally, Doppler interrogation allows estimation of the more ‘traditional’ pressure
indices such as pulmonary artery pressures from the tricuspid regurgitation jet.

The Doppler envelope of the left ventricular outflow tract (LVOT) allows calculation of the
velocity time integral (VTI). Given that the LVOT itself is a relatively constant dimension and
its diameter is easy to measure, this is an easy way to measure cardiac output at the aortic root.

ðπd2=4Þ �HR � LVOT VTI ð7Þ

where d = LVOT diameter; HR = heart rate; LVOT VTI = velocity time integral of blood flow at
the left ventricular outflow tract.

One of the great advantages of transthoracic echocardiographic haemodynamic assessments is
the fact that it is non-invasive. A full left ventricular study is rarely necessary in acute situa-
tions where it is being used to guide resuscitation and adequate clinical information can still be
gathered from limited views. This has to be balanced against the fact that echocardiography is
more time consuming and requires the presence of both equipment and a skilled operator at all
times to be of meaningful use in assessing response to therapy. There is also an element of
interobserver variability depending on the level of skill of the operator. Transthoracic views are
more difficult in the supine positive pressure ventilated critically ill patient, and patients with
thoracic trauma, cardiac surgery and pneumothoraces are notoriously difficult to acquire
windows on. The problem is easily bypassed by adding transoesophageal echocardiography
to the skill mix. On the other hand, this not only requires an additional skill set but also
necessitates insertion of a probe into the oesophagus with the attendant risks of oesophageal
injury or rupture. Moreover, transoesophageal probes cannot be left for long periods of time in
the patient.
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Echocardiography offers an accurate non-invasive series of haemodynamic snapshot views in
the hands of a skilled operator and probably represents, where available, the best modality of
cardiac monitoring to assess circulatory failure and guide resuscitation.

6.7. Other techniques

Various other devices using a variety of techniques are available for clinical use. These include:

• Thoracic bioimpedance

• Thoracic bioreactance: NICOM monitor (Cheetah medical, USA)

• Impedance plethysmography: ECOM monitor (ECOM medical, USA)

• Suprasternal portable Doppler ultrasound probes: USCOM (Australia)

Though initial studies in many of these devices has looked promising, they are not in common
use currently and often suffer the drawbacks of both clinical unfamiliarity and limited valida-
tion data in critically ill patients.

7. Assessment of volume state

Much has been written over the years about estimation of preload. By definition, it is the
amount of stretch in the muscle fibre just prior to contraction and is related to the length of
the individual sarcomere just prior to contraction. As sarcomere length increases, the force of
muscle contraction increases. Once maximal sarcomere length is reached, there is no further
increase in contraction strength. In a section of muscle tissue, as increasing numbers of sarco-
meres are maximally stretched, the strength of contraction plateaus. This is represented by the
Frank Starling curve in Figure 4.

The practical aspect of this means that contractility and stroke volume of the left ventricle
increases up to a point as systemic venous return increases. Beyond that point, stroke volume
does not increase and there is tissue and pulmonary oedema with right ventricular stretching
and poor collapsibility of the vena cava.

Since sarcomere length cannot be measured in clinical situations, the closest approximation
available is the left ventricular end diastolic volume, either measured directly using echocardi-
ography or indirectly by measuring the left ventricular end diastolic pressure or its surrogate
pressures—pulmonary capillary occlusion pressure, right atrial pressure or central venous
pressure using appropriately placed catheters. Transpulmonary dilution techniques allow
measurement of intrathoracic blood volume or global end diastolic volume. It is important to
remember that these are static measures of preload (see Figure 5).

From the practical point of view, contemplation of preload is less relevant than answering the
question—‘Is this patient fluid recruitable?’ Multiple studies have suggested that only 50% of
haemodynamically unstable patients respond to fluid challenge [19, 20].
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The most common static measure of preload used to answer this question is the central venous
pressure. This correlates well with right atrial pressure and, in theory, is a reasonable pressure
surrogate of right ventricular end diastolic volume. However, there is an extremely large body
of literature demonstrating no correlation [21] between CVP and change in CVP and fluid
responsiveness in a variety of clinical situations. Other measures of cardiac filling pressures
like pulmonary artery occlusion pressure have also been shown to be poor predictors of
volume responsiveness [22].

Increasingly, dynamic measures of preload estimation have been described and have entered
clinical practice [19].

Passive leg raising to 45� in a supine patient provides the equivalent of a 500 mL fluid challenge
in terms of increasing cardiac preload and the haemodynamic effects are detectable within
minutes. Passive leg raise as a measure of volume responsiveness is well validated in critically
unwell patients and may be considered a reversible autotransfusion.

Pulse pressure variation, derived from arterial waveform analysis, stroke volume variation
(SVV) from pulse contour analysis and variation in the amplitude of the plethysmograph
waveform in pulse oximetry have all been validated as measures of fluid responsiveness.
Essentially, they reflect the changes to systemic venous return in hypovolemic patients as the
intra-thoracic pressure changes during the respiratory cycle. SVV > 10% in positive pressure
ventilated patients in sinus rhythm and a normally compliant chest wall is a sign of fluid
recruitability.

Figure 4. Frank Starling curve.
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Figure 5. Static measures of LV preload.
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Earlier work [23] using oesophageal tonometry suggests an increment of ≥10% in stroke
volume after a volume challenge is a reasonable sign of fluid recruitability. In the end, the
greatest measure of fluid responsiveness may be the administration of an empirical volume of
fluid (the author prefers 250 mL aliquots) and monitoring haemodynamic changes resulting
from the intervention.

8. Assessment of peripheral tissue perfusion

Shock is defined as ‘inadequate tissue oxygen for aerobic cellular respiration’. Shock results
from both macro-circulatory and micro-circulatory failure, leading to inadequate tissue perfu-
sion. In addition, mitochondrial dysfunction may result in cellular oxygen misuse. Further-
more, stress and physiologic compensation can increase oxygen demand in situations of poor
delivery. Thus, oxygen delivery and demand inadequacy can compound organ failure,
resulting in death despite optimal management [24].

Shock resuscitation has been aimed at ‘restoring’ or ‘maximising’ oxygen delivery and tissue
oxygenation. Kern and Shoemaker suggested that mortality decreased and oxygen delivery
increased when management was guided by end points such as central venous pressure, mean
arterial pressure, cardiac output, oxygen transport and mixed or central venous oxygen satu-
ration [25]. Early goal-directed therapy advocated by Rivers and Nguyen [26] has found its
echo in many resuscitation protocols, especially in the management of severe sepsis [3] and
perioperative management of high-risk surgical patients. Ghaferi et al. described failure to
identify and rescue patients with perioperative complications early as a potential reason for
increased hospital mortality independent of case mix, patient characteristics and complication
rates [27]. Combined with the global move towards rapid rescue and resuscitation teams for
ward patients outside of critical care areas, this has moved goal-directed therapy outside of
monitored critical care areas into the general ward population where invasive monitoring may
not be safely accessible.

Yet, in situations like septic shock [28] and cardiac failure [29], despite optimisation of the
macro-circulation with mean arterial pressure and cardiac output targets, micro-circulatory
failure can result in persistent tissue failure [30]. Thus, it is important to monitor patients for
evidence of micro-circulatory failure.

8.1. Lactate clearance

Glycolysis produces pyruvate, which either enters aerobic mitochondrial metabolism with a
high ATP yield from the Krebs cycle or is processed anaerobically to lactate with a much lower
ATP yield. Thus, in the absence of hypovolaemia and severe hepatic dysfunction, high circu-
lating levels of lactate may represent high incidence of anaerobic metabolism due to lack of
oxygen uptake, poor tissue perfusion or mitochondrial dysfunction. The Sepsis-3 guidelines
acknowledge serum lactate >2 mmol/L to be a marker of septic shock [31].

Persistent hyperlactatemia is considered to reflect occult hypoperfusion and has been associ-
ated with poor outcomes in trauma [32], cardiac arrest [33] and high-risk surgery [34].

Haemodynamic Monitoring in the Intensive Care Unit
http://dx.doi.org/10.5772/intechopen.68591

49



Modern blood gas sampling machines, easily accessible to critical care teams, provide a rapid
and convenient method of quantifying and serially monitoring serum lactate as a marker of
successful resuscitation.

8.2. Venous-arterial CO2 gradient

Carbon dioxide is a by-product of oxidative metabolism and tissue production of CO2 is
related to its oxygen uptake.

Thus,

VCO2 ¼ R:VO2 ð8Þ

where VCO2 = tissue CO2 production; VO2= tissue O2 uptake; R = respiratory quotient.

From the Fick principle (Eq. (2)), therefore

VCO2 ¼ COðCaCO2 � CvCO2Þ ð9Þ

i.e. VCO2 = CO.k.P(v � a)CO2.

Pðν� aÞCO2 ¼ VCO2=CO:k ð10Þ

where VCO2 = tissue CO2 production; CO = cardiac output; P(v � a)CO2 = venous-arterial CO2

gradient; K = coefficient of CO2 concentration and partial pressure.

In other words, since k and R are constants, P(v � a)CO2 is directly proportional to tissue CO2

clearance and inversely proportional to cardiac output. Given its diffusible nature, CO2 wash-
out depends on tissue oxygen uptake and cardiac output.

Thus, P(v � a)CO2 is dependent on cardiac output, tissue oxygen uptake and CO2 washout.
Thus, P(v � a)CO2 will increase in low cardiac output states.

CO2 washout is extremely flow-dependent and any decrease in local or regional capillary
hypoperfusion will increase tissue stagnation of PCO2 and a rise in diffusion of CO2 to venous
capillary beds with residual circulation, increasing P(v � a)CO2. Thus, in the presence of
normal measured cardiac output, high P(v � a)CO2 may represent occult tissue hypoperfusion
or impaired oxygen uptake.

In critically ill patients with normal cardiac index, P(v � a)CO2 > 6 mmHg seems to be a good
discriminator of occult hypoperfusion identified by persistent hyperlactatemia [35]. This has
since been corroborated in septic shock [36] and high-risk surgical patients [37, 38] resuscitated
with early goal directed therapy.

Thus, after optimisation of cardiac output in patients with circulatory failure, it seems reason-
able to target P(v � a)CO2 < 6 mmHg. How this is best achieved in clinical practice seems
unclear.
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8.3. Mixed venous saturation (SvO2) and central venous saturation (ScvO2):
measures of global tissue oxygen extraction

Global tissue oxygen extraction is defined as the proportion of transported oxygen in the
circulation taken up by the tissues. Thus,

ERO2 ¼ VO2=TO2 ð11Þ

where ERO2 = extraction ratio of oxygen; VO2 = tissue oxygen uptake; TO2 =oxygen
transported in the circulation = cardiac output � O2 content of arterial blood.

By the Fick principle (Eq. (2))

ERO2 ¼ COðCaVO2 � CvVO2Þ=TO2 ð12Þ

Since,

TO2 ¼ CO:CaVO2 ð13Þ
ERO2 ¼ 1� ðCvVO2=CaVO2Þ ¼ 1� SvO2=SaO2 ð14Þ

where SaO2 = arterial O2 saturation; SvO2 = mixed venous saturation.

When SaO2 is 100%,

ERO2 ¼ 1� SvO2 ð15Þ

Usual ERO2 is 25–30% and is a function of metabolic demand, activity and mitochondrial
activity. With increasing tissue oxygen consumption due to exercise, stress or sepsis, ERO2

increases up to its maximum limit. Past ERO2max, tissues are unable to take up further oxygen
and anaerobic glycolysis resulting in lactate release occurs.

ScvO2 is easier to sample and monitor through a central venous catheter than SvO2 which
necessitates insertion of a pulmonary artery catheter.

It is worth noting that a falling SvO2 or ScvO2 should trigger optimisation of TO2 (increasing
SaO2, cardiac output, O2 carrying capacity of blood, i.e. haemoglobin) before considering
mitochondrial or tissue dysfunction. In essence, this forms the basis of goal directed therapy.
While ScvO2 directed inotrope therapy has been described to reduce mortality from septic
shock [26], it is important to understand that SvO2 and ScvO2 cannot discriminate between
reasons for increased VO2 or decreased TO2. A normal SvO2 does not imply adequacy of
oxygen demand and supply. Finally, once TO2 has been optimised, it is unclear what therapies
can be offered for mitochondrial dysfunction.

8.4. Gastric tonometry

Gastric tonometry has been described as a specific monitor for splanchnic perfusion, based on
the phenomenon that early on in haemodynamic stress, there is diversion of blood flow away
from splanchnic circulation.
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Gastric luminal PCO2 is equilibrated to the medium contained in a balloon at the end of a
nasogastric probe and gastric mucosal pH is calculated using the Henderson-Hasselbach
equation. Arterial HCO3

� is measured as a surrogate for mucosal HCO3
�. Mucosal-arterial

PCO2 gap >25 mmHg or splanchnic pH < 7.3 suggests poor splanchnic perfusion.

Unfortunately, in practice, it is limited by confounding factors such as enteral feeding and
buffering of gastric acid by duodenal and oesophageal reflux.

8.5. Other techniques of micro-circulatory assessment

As discussed before, correction of macro-circulatory variables does not equate to successful
oxygen supply at the tissue level.

Capillary blood flow can be visualised non-invasively at the bedside using sidestream dark
field imaging in different capillary beds (e.g. sublingual, rectal, etc.) [39]. Currently, it is
important to take multiple readings in several capillary beds for periods of 20 s or longer to
eliminate measurement errors and inter-observer variability may exist. This technology shows
promise and with refinement, may become a rapid, accurate and repeatable way of assessing
capillary blood flow.

Tissue oxygenation in target tissue capillary beds (StO2) can be measured non-invasively using
near-infrared spectroscopy (NIRS). Unfortunately, there is little evidence behind ‘normal’ or
‘target’ values specific to capillary beds in critically unwell patients and this modality of
monitoring, though promising, is still not common in clinical practice.

Sublingual tonometry provides a simple, non-invasive and inexpensive measure of adequacy
of tissue perfusion [37, 40]. Further studies with this promising technology are needed to
establish its clinical utility in everyday clinical care.
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Abstract

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are 
continuation of the same pathological and physiological processes that are largely unrec-
ognized in critical patients. From an era of indistinct definitions and recommendations, 
this condition has been studied extensively and experts have come forward with clear 
definitions and recommendations for management. IAH is graded in four grades and 
ACS is IAH above 20 cm H2O with new organ dysfunction. IAH/ACS can present as 
acute, hyperacute, or chronic and aetiologically can be classified into primary, secondary 
and tertiary. It affects various body systems including respiratory, cardiovascular, central 
nervous, gastrointestinal, renal and hepatic systems adversely and results in deleteri-
ous consequences. Management of IAH/ACS is based on the evacuation of intra-luminal 
and extra-luminal contents, improving the abdominal wall compliance. There are vari-
ous surgical techniques recommended for preventing the development of IAH/ACS and 
mitigating the negative consequences. New medical therapies such as octreotide, tissue 
plasminogen activator, melatonin and vitamin C are being investigated and non-pharma-
cological methods such as continuous negative abdominal pressure (CNAP) have been 
introduced recently but are still experimental and not recommended for routine use.

Keywords: intra-abdominal hypertension (IAH), abdominal compartment syndrome 
(ACS), open abdomen

1. Introduction

Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are 
largely unrecognized conditions but prevalent in ICU patients. It is a continuum of varying 
degree of increase in intra-abdominal pressure (IAP) ranging from IAH to ACS. Most studies 
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evaluating the incidence of ACS have been performed in trauma patients, with estimates of 
incidence varying considerably. While the largest study [1] (n = 706) reported an incidence of 
ACS of 1%, two smaller though observational studies [2, 3] (n = 128 and 188) reported a higher 
incidence of ACS of 9–14%. The incidence of intra-abdominal hypertension (IAH) is not well 
reported in the literature. The wide variation in the reported incidence may be attributed to 
differences in diagnostic criteria employed in studies.

2. Definitions

There was an era of indistinct and variable definitions of IAH/ACS with variable methods 
of measurement of intra-abdominal pressure (IAP) until the World Society of Abdominal 
Compartment Syndrome (WSACS) was formed and they formulated definitions, standard-
ized measurement methodology and provided management guidelines.

Intra-abdominal pressure: Intra-abdominal pressure (IAP) is the steady state pressure concealed 
within the abdominal cavity (Figure 1) [4]. An IAP of 5–7 mmHg is considered normal for 
most critically ill patients. IAP is directly related to body mass index (BMI) [5].

Abdominal perfusion pressure: Abdominal perfusion pressure (APP) is calculated by subtract-
ing IAP from the mean arterial pressure (MAP): APP = MAP − IAP. Elevated intra-abdominal 
pressure reduces blood flow to the abdominal viscera. A target APP of at least 60 mmHg is 
correlated with improved survival among patients with IAH and ACS [6].

Intra-abdominal hypertension: Intra-abdominal hypertension (IAH) is defined as a sustained 
intra-abdominal pressure ≥12 mmHg (Figure 1) [7, 8]. This value was established arbitrarily. 
Intra-abdominal pressure can be further graded as follows:

Grade I = IAP 12–15 mmHg
Grade II = IAP 16–20 mmHg
Grade III = IAP 21–25 mmHg
Grade IV = IAP > 25 mm Hg

Hyper-acute IAH refers to elevation of the intra-abdominal pressure lasting only seconds due 
to any strenuous physical activity, sneezing, coughing, laughing, straining, or defecation, etc.

Acute IAH refers to elevation of the intra-abdominal pressure that develops over hours, 
which occurs usually due to surgical causes. Sub-acute IAH refers to elevation of the intra-
abdominal pressure that develops over days usually due to medical conditions.

Chronic IAH refers to elevation of intra-abdominal pressure that develops over months (preg-
nancy) or years (morbid obesity)]. Chronic elevation of IAP usually does not result in ACS 
unless it is superimposed on acute or sub-acute IAH.

Abdominal compartment syndrome: ACS is defined as a sustained intra-abdominal pressure >20 
mmHg (with or without APP <60 mmHg) that is associated with new organ dysfunction [4, 7, 8].
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ACS can be classified as primary and secondary.

Primary ACS is due to injury or disease in the abdominopelvic region. This could be intra-
luminal or extra-luminal causes. Extra-luminal causes could be any pathology causing intra-
abdominal collections outside the bowel lumens e.g. abdominal trauma, hemoperitoneum and 
pancreatitis. IAH/ACS can also develop due to intra-luminal pathology like intestinal obstruc-
tion, gastroparesis, pseudocolonic obstruction and pseudomembranous colitis (Figure 2), etc.

Secondary ACS refers to conditions that do not originate in the abdomen or pelvis (e.g. fluid 
resuscitation, sepsis, and burns).

Recurrent ACS defines a condition in which ACS develops again following previous surgical 
or medical treatment of primary or secondary ACS [9].

Figure 2. Pseudomembranous colitis due to clostridium difficile causing ACS [49].

Figure 1. Intra-abdominal pressure (from: https://www.slideshare.net/drabdulgafoormt/intraabdominal-hypertension).
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3. Physiological consequences of IAH/ACS

ACS is not just an abdominal condition but rather a systemic problem that has tremendous 
impact on all organ systems including, but not limited to, cardiovascular system, respiratory 
system, central nervous system, renal system and hepatobiliary system.

Cardiovascular system: IAH/ACS results in cephalad movement of diaphragm that in turn can 
cause depression of ventricular compliance and contractility [10]. Another impact of IAH is 
reduced venous return from lower extremities that results in reduced preload and stagnation 
of blood in lower extremities causing deep vein thrombosis (DVT) [11].

Pulmonary system: Increased peak inspiratory and mean airway pressures induced by high 
IAP in mechanically ventilated patients can cause alveolar barotrauma. Associated with 
reduced chest wall compliance and reduced spontaneous tidal volumes, this cause arterial 
hypoxemia and hypercarbia. Pulmonary infection is also more common among patients with 
IAH [12]. According to animal studies, these effects are mediated through compression of the 
lung leading to atelectasis, oedema, increased intrapulmonary shunt fraction, decreased gas 
transfer and increased alveolar dead space [13].

Renal system: Kidney is affected by IAH/ACS by two ways: by direct compression of renal vein 
and by increased renal vasoconstriction caused by renin angiotensin induced by the decrease 
in preload.

The renal filtration gradient (FG) can be considered as the net force across the glomeru-
lus. It is the gradient between the glomerular filtration pressure (GFP) and the proximal 
tubular pressure (PTP). In the presence of IAH, PTP is same as IAP. GFP is equivalent to 
the mean arterial pressure (MAP), and thus GFP can be estimated as MAP minus twice the 
IAP. Thus, the impact of IAP on the renal function and urine production is much greater 
than that caused by changes in MAP. So oliguria manifest is one of the first visible signs 
of IAH [14].

Filtration gradient: glomerular filtration pressure – proximal tubular pressure.

   

FG

  

= GFP − PTP

   
 
  

= (MAP − IAP ) − PTP
       = (MAP − IAP ) − IAP    

 

  

=  MAP − 2 × IAP

    (1)

Hence, when IAP is doubled, filtration gradient will be decreased by four-folds. Oliguria 
generally develops at an intra-abdominal pressure of approximately 15 mmHg, while anuria 
usually develops at an intra-abdominal pressure of approximately 30 mmHg [15]. Because 
of impairment in renal perfusion, the urine sodium and chloride concentrations are usually 
decreased. Along with increased plasma renin activity, aldosterone concentration and antid-
iuretic hormone concentration are also increased to more than twice their baseline levels, 
which has tremendous impact on the renal function [16].
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Gastrointestinal system: The gut is very sensitive to increase in IAP as the primary organ is 
exposed to high IAP, which can occur at IAP as low as 10 mmHg [17]. At 20 mmHg of IAP 
mucosal perfusion pressure of the gut is decreased [18] and at 40 mmHg celiac and superior 
mesenteric blood flow are reduced [19]. IAH also impairs venous flow from the intestine by 
compressing intestinal veins and causes intestinal oedema. This increases intra-abdominal 
pressure further, as a vicious cycle [20]. This leads to worsened hypo perfusion, bowel isch-
emia, decreased intra-mucosal pH and lactic acidosis [21]. Hypoperfusion of the gut may 
result in loss of the mucosal barrier, leading to bacterial translocation, sepsis and multiple 
system organ failure. Bacterial translocation has been shown to occur at IAP of only 10 mmHg 
in the presence of haemorrhage [22].

Hepatic: Liver is affected by IAH by reducing its ability to clear lactate even with adequate 
cardiac output and blood pressure and this can occur with IAP as low as 10 mmHg [23].

Central nervous system: The effect of IAH on intracranial pressure (ICP) range from tran-
sient increases during the short-lived elevation of intra-abdominal pressure that occurs with 
coughing, defecating or emesis to sustained elevation during persistent elevation of IAH. 
This can lead to a critical decrease in cerebral perfusion pressure (CPP) [24]. Decompressive 
laparotomy was found to decrease ICP drastically in a case of ACS as reported by Bloomfield 
et al. [25].

4. Diagnosis

Physical examination was found to be neither sensitive nor specific for the diagnosis of IAH/
ACS with a sensitivity of 56%, specificity of 87%, positive predictive value of 35%, negative 
predictive value of 94% and accuracy of 84% [26]. Imaging studies such as chest X-ray, ultra-
sound abdomen and CT scan are not useful to diagnose IAH/ACS efficiently but can give 
some clue to the possibility, such as elevated diaphragm, basal atelectasis, inferior venae caval 
compression, tense infiltration of the retro peritoneum that is out of proportion to peritoneal 
disease, massive abdominal distension, direct renal compression or displacement, bowel wall 
thickening or bilateral inguinal herniation [27].

Various techniques have been described for IAP measurement using intra-vesical, intra-
gastric or inferior venae caval catheters. WSACS has standardized intra-vesical (urinary 
bladder) pressure measurement as the gold standard for measurement of IAH/ACS [28]. 
This was done through puncturing the aspiration port of Folley’s catheter or attaching a 
three-way stopcock and connecting it to a manometer, but nowadays a closed system has 
been developed which avoids the puncturing and ensures sterility (Figure 3). The pressure 
is measured at end-expiration in the supine position after ensuring that abdominal muscle 
contractions are absent. The transducer should be zeroed at the level of the mid-axillary line. 
WSACS has also standardized the amount of saline to be instilled as up to 25 ml. However, as 
a downside, the bladder pressure may be inaccurate in the presence of intra-peritoneal adhe-
sions, pelvic hematomas, pelvic fractures, abdominal packs or a neurogenic bladder [29].
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5. Management of IAH/ACS

Surgical decompression is the definitive management of IAH/ACS but supportive medical 
therapy should be attempted before resorting to this. WSACS has provided algorithm for 
management of IAH/ACS (Algorithms 1 and 2). Nowadays, the trend is more towards less 
invasive management such as abdominal wall escharotomy in burns [30] or percutaneous 
drainage of intra-abdominal collections [31].

Principles of supportive care are [32] as follows:

1. Evacuate intra-luminal contents: nasogastric and rectal drainage.

2. Drain extra-luminal collections: evacuate hemoperitoneum, ascites, intra-abdominal abscess 
and retroperitoneal hematoma.

3. Improve abdominal wall compliance: supine position, adequate analgesia, sedation and some-
times muscle paralysis.

Many of IAH/ACS patients will need ventilatory support and should have a lung protective 
strategy like low tidal volume, pressure limitation, permissive hypercapnea, use of positive 
end expiratory pressure (PEEP) and use of muscle relaxants in indicated patients.

Aggressive fluid resuscitation is one of the risk factors for the development of ACS. As these 
patients are haemodynamically unstable initially, they receive large amounts of crystalloids 
with resultant bowel oedema and development or aggravation of ACS. Liberal use of colloids 

Figure 3. Closed system for intra-abdominal pressure monitoring (adapted from: Roberto et al. [50]).

Intensive Care62



5. Management of IAH/ACS

Surgical decompression is the definitive management of IAH/ACS but supportive medical 
therapy should be attempted before resorting to this. WSACS has provided algorithm for 
management of IAH/ACS (Algorithms 1 and 2). Nowadays, the trend is more towards less 
invasive management such as abdominal wall escharotomy in burns [30] or percutaneous 
drainage of intra-abdominal collections [31].

Principles of supportive care are [32] as follows:

1. Evacuate intra-luminal contents: nasogastric and rectal drainage.

2. Drain extra-luminal collections: evacuate hemoperitoneum, ascites, intra-abdominal abscess 
and retroperitoneal hematoma.

3. Improve abdominal wall compliance: supine position, adequate analgesia, sedation and some-
times muscle paralysis.

Many of IAH/ACS patients will need ventilatory support and should have a lung protective 
strategy like low tidal volume, pressure limitation, permissive hypercapnea, use of positive 
end expiratory pressure (PEEP) and use of muscle relaxants in indicated patients.

Aggressive fluid resuscitation is one of the risk factors for the development of ACS. As these 
patients are haemodynamically unstable initially, they receive large amounts of crystalloids 
with resultant bowel oedema and development or aggravation of ACS. Liberal use of colloids 

Figure 3. Closed system for intra-abdominal pressure monitoring (adapted from: Roberto et al. [50]).

Intensive Care62

has not yet proved to prevent this. But on the other side optimum fluid resuscitation can pre-
vent some negative aspects of ACS such as reduced cardiac output, renal blood flow, urine 
output and visceral perfusion.

Decompressive laparotomy is the definitive treatment for ACS. Many surgeons resort to decom-
pression when the IAP is above 25, but a lower threshold would be better in terms of organ 
saving. An approach based on abdominal perfusion pressure (APP) rather than IAP would 
be more logical, and a threshold APP of 50 mmHg was found to correlate with mortality [33]. 

Algorithm 1. Management of IAH/ACS by WSACS: Adapted from World Society of the Abdominal Compartment Syndrome 
(WSACS) website: http://www.wsacs.org.
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An open abdomen approach after decompression with temporary closure methods is com-
monly used by most surgeons to prevent recurrent ACS.

There are different methods for managing open abdomen (OA). Abdomen can be closed with 
temporary abdominal closure using various techniques, which should be later followed by inter-
val abdominal closure, by bringing the edges of the abdominal fascia together primarily ( primary 
closure) if possible technically. If technically not feasible, OA can be closed either using a func-
tional closure or simple coverage [34]. Negative pressure techniques like vacuum-assisted clo-
sure (VAC) (Figure 4), patch technique (e.g. Whittmann patch, polytetrafluoroethylene patch), 

Algorithm 2.  Medical management of IAH/ACS by WSACS: Adapted from World Society of the Abdominal Compartment 
Syndrome (WSACS) website: http://www.wsacs.org.

Intensive Care64



An open abdomen approach after decompression with temporary closure methods is com-
monly used by most surgeons to prevent recurrent ACS.

There are different methods for managing open abdomen (OA). Abdomen can be closed with 
temporary abdominal closure using various techniques, which should be later followed by inter-
val abdominal closure, by bringing the edges of the abdominal fascia together primarily ( primary 
closure) if possible technically. If technically not feasible, OA can be closed either using a func-
tional closure or simple coverage [34]. Negative pressure techniques like vacuum-assisted clo-
sure (VAC) (Figure 4), patch technique (e.g. Whittmann patch, polytetrafluoroethylene patch), 

Algorithm 2.  Medical management of IAH/ACS by WSACS: Adapted from World Society of the Abdominal Compartment 
Syndrome (WSACS) website: http://www.wsacs.org.

Intensive Care64

silo technique (e.g. Bagota bag) (Figure 5) and skin-only technique using towel clips are some 
methods used in the management of open abdomen. Each technique has its own advantages and 
disadvantages and description of that is beyond the scope of this chapter.

Closure of abdomen after the ACS also utilizes different methods such as STAR (staged 
abdominal repair), component separation and planned ventral hernia. An international con-
sensus conference on open abdomen in Trauma [35] concluded that open abdomen (OA) in 
trauma is advisable at the end of damage-control laparotomy, especially in the presence of 
swelling of viscera, for a second look if there are vascular injuries or gross contamination of 

Figure 4. Vacuum-assisted closure (from: https://www.slideshare.net/drabdulgafoormt/intraabdominal-hypertension).

Figure 5. Bagota bag closure (from Huang et al. [51]).
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the peritoneal cavity, or if there is loss of abdominal wall, and in cases of failure of medical 
treatment of abdominal compartment syndrome, but early closure is mandatory to prevent 
complications such as fistulae formation and frozen abdomen. A review by Sugrue M, opined 
that the key to optimizing outcome in ACS is early abdominal closure within 7 days because 
failure to do so increases morbidity, mortality and fistulae formation [36].

6. Recent insights

In a recent experimental study, Leng et al. [37] indicated that mitochondrial Ca2+uptake 1 
(MICU1)-related oxidation/antioxidation disequilibrium is strongly involved in IAH-induced 
damage to intestinal barriers. MICU1-targeted treatment may hold promise for preventing 
the progression of IAH to gut-derived sepsis. Earlier in 2014, an animal study led by the 
same author found that acute exposure to slightly elevated IAP may result in adverse effects 
on intestinal permeability and the pro-oxidant-antioxidant balance and so monitoring IAP 
is very important in critical patients [38]. In another experiment in rats by Liu et al. [39], 
Melanocortin 4 (MC4 receptor) agonist counteracts the intestinal inflammatory response, 
ameliorating intestinal injury in experimental secondary IAH by MC4 receptor-triggered acti-
vation of the cholinergic anti-inflammatory pathway. This may represent a promising strat-
egy for the treatment of IAH in the future.

A systematic review and individual patient data meta-analysis on intra-abdominal hyperten-
sion in critically ill patients: the wake-up project (World initiative on Abdominal Hypertension 
Epidemiology, a Unifying Project) [40] in 2014 looking at the outcome and mortality in IAH/
ACS found that the only independent predictors for IAH were SOFA score and fluid balance 
on the day of admission. 513 patients out of 2707 patients (30.8%) died in ICU. The indepen-
dent predictors for intensive care mortality were SAPS II score, IAH, SOFA score and admis-
sion category. This review showed that IAH is an independent predictor for mortality and is 
frequently present in critically ill patients more than anticipated.

New medical treatment options that are still experimental include tissue plasminogen activa-
tor (tPa), theophylline and octreotide. tPa was evaluated for retroperitoneal hematoma by 
Horer et al. [41]. They analysed 13 patients who developed ACS with multiple organ failure in 
the ICU. The mean IAP was 23.5 mmHg before decompression (range 12−35), and when tPA 
was given, IAP dropped to a mean of 16 mmHg (range 10−28.5) after 24 h of administration. 
Drainage of hematoma after tPa increased to 1520 mL (range 170−2900) from 370 mL (range 
5−1000). This also coincided with improvement in urinary output and haemodynamics.

Bodnar et al. [42] found a positive correlation between IAH and increased levels of serum ade-
nosine and interleukin10 concentrations in 45 surgical patients with IAP >12 mmHg. Based 
on these findings, they conducted another study [43] comparing standard medical treatment 
in patients with IAH versus standard medical treatment and theophylline infusions twice 
daily. Mortality in theophylline group was 0% when compared to standard group (55%). 
Theophylline improved renal function, splanchnic perfusion, and cardiac contractility pos-
sibly by counteracting adenosine binding to adenosine receptors. The authors postulated that 
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the peritoneal cavity, or if there is loss of abdominal wall, and in cases of failure of medical 
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failure to do so increases morbidity, mortality and fistulae formation [36].

6. Recent insights
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(MICU1)-related oxidation/antioxidation disequilibrium is strongly involved in IAH-induced 
damage to intestinal barriers. MICU1-targeted treatment may hold promise for preventing 
the progression of IAH to gut-derived sepsis. Earlier in 2014, an animal study led by the 
same author found that acute exposure to slightly elevated IAP may result in adverse effects 
on intestinal permeability and the pro-oxidant-antioxidant balance and so monitoring IAP 
is very important in critical patients [38]. In another experiment in rats by Liu et al. [39], 
Melanocortin 4 (MC4 receptor) agonist counteracts the intestinal inflammatory response, 
ameliorating intestinal injury in experimental secondary IAH by MC4 receptor-triggered acti-
vation of the cholinergic anti-inflammatory pathway. This may represent a promising strat-
egy for the treatment of IAH in the future.

A systematic review and individual patient data meta-analysis on intra-abdominal hyperten-
sion in critically ill patients: the wake-up project (World initiative on Abdominal Hypertension 
Epidemiology, a Unifying Project) [40] in 2014 looking at the outcome and mortality in IAH/
ACS found that the only independent predictors for IAH were SOFA score and fluid balance 
on the day of admission. 513 patients out of 2707 patients (30.8%) died in ICU. The indepen-
dent predictors for intensive care mortality were SAPS II score, IAH, SOFA score and admis-
sion category. This review showed that IAH is an independent predictor for mortality and is 
frequently present in critically ill patients more than anticipated.

New medical treatment options that are still experimental include tissue plasminogen activa-
tor (tPa), theophylline and octreotide. tPa was evaluated for retroperitoneal hematoma by 
Horer et al. [41]. They analysed 13 patients who developed ACS with multiple organ failure in 
the ICU. The mean IAP was 23.5 mmHg before decompression (range 12−35), and when tPA 
was given, IAP dropped to a mean of 16 mmHg (range 10−28.5) after 24 h of administration. 
Drainage of hematoma after tPa increased to 1520 mL (range 170−2900) from 370 mL (range 
5−1000). This also coincided with improvement in urinary output and haemodynamics.

Bodnar et al. [42] found a positive correlation between IAH and increased levels of serum ade-
nosine and interleukin10 concentrations in 45 surgical patients with IAP >12 mmHg. Based 
on these findings, they conducted another study [43] comparing standard medical treatment 
in patients with IAH versus standard medical treatment and theophylline infusions twice 
daily. Mortality in theophylline group was 0% when compared to standard group (55%). 
Theophylline improved renal function, splanchnic perfusion, and cardiac contractility pos-
sibly by counteracting adenosine binding to adenosine receptors. The authors postulated that 
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by decreasing circulating adenosine concentrations, theophylline infusion improves IAH-
related mortality in surgical patients

Octreotide, a synthetic somatostatin analogue, by decreasing myeloperoxidase (MPO) activ-
ity and malondialdehyde levels and thereby increasing levels of glutathione if given before 
decompression of IAP has been shown to improve the reperfusion-induced oxidative damage 
in rats with ACS [44]. This translates to that octreotide might have a therapeutic role as an 
agent limiting reperfusion injury among patients with IAH and ACS.

Free radical scavengers such as melatonin and vitamin C (ascorbic acid) were also tried in the 
medical management of IAH/ACS and found useful in animal studies [45]. Vitamin C was 
found to reduce resuscitation fluid requirements significantly thereby preventing secondary 
ACS and IAH in burns [46].

Another nonsurgical technique being investigated is continuous negative extra-abdominal 
pressure (CNAP). Bloomfield et al. [47] demonstrated a significant reduction in IAP when con-
tinuous negative pressure was applied by vacuum via a large poncho into which the entire ani-
mal was placed. There was a mean reduction in IAP from 30.7 ± 1.3 to 18.2 ± 1.3 mmHg. Apart 
from IAP, central venous pressure (CVP), inferior venae caval (IVC) pressure, intra cranial 
pressure (ICP), pulmonary artery occlusion pressure (PAOP) and peak airway pressure were 
also reduced. This was also evaluated in a human study by Sugerman et al. [48], which proved 
the above benefits although some patients expressed discomfort in lower chest and pelvic 
area. All the novel medical options for management of IAH/ACS apart from standard medical 
management-like evacuation of intra and extra luminal contents, improvement of abdominal 
wall compliance, are still in experimental stage and not recommended for routine use.

7. Conclusion

IAH/ACS is not a problem limited to the abdomen but rather a systemic problem affecting 
various body systems adversely with deleterious consequences. Addressing this impor-
tant pathology in a timely manner is crucial for the better outcome of critically ill patients. 
Mainstay of the management in IAH/ACS is still surgical decompression but medical options 
are equally important interventions. Novel therapies in medical options are being explored 
and needs further validation to be recommended in routine management of patients with 
intra-abdominal hypertension and abdominal compartment syndrome.

Author details

Abdulgafoor M. Tharayil*, Adel Ganaw, Syed Abdulrahman, Zia M. Awan and Sujith M. 
Prabhakaran

*Address all correspondence to: atharayil@hamad.qa

Department of Anaesthesia, Hamad Medical Corporation, Doha, Qatar

Abdominal Compartment Syndrome: What Is New?
http://dx.doi.org/10.5772/intechopen.68343

67



References

[1] Hong JJ, Cohn SM, Perez JM, Dolich MO, Brown M, McKenney MG. Prospective study 
of the incidence and outcome of intra-abdominal hypertension and the abdominal com-
partment syndrome. British Journal of Surgery. 2002;89(5):591

[2] Balogh Z, McKinley BA, Holcomb JB, Miller CC, Cocanour CS, Kozar RA, Valdivia A, 
Ware DN, Moore FA. Both primary and secondary abdominal compartment syndrome 
can be predicted early and are harbingers of multiple organ failure. Journal of Trauma. 
2003;54(5):848

[3] Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Holcomb JB, Ware DN, Moore FA. 
Secondary abdominal compartment syndrome is an elusive early complication of trau-
matic shock resuscitation. American Journal of Surgery. 2002;184(6):538

[4] Malbrain ML, Cheatham ML, Kirkpatrick A, Sugrue M, Parr M, De Waele J, Balogh 
Z, Leppäniemi A, Olvera C, Ivatury R, D'Amours S, Wendon J, Hillman K, Johansson 
K, Kolkman K, Wilmer A. Results from the International Conference of experts on 
intra-abdominal hypertension and abdominal compartment syndrome. I. Definitions. 
Intensive Care Medicine. 2006;32(11):1722

[5] Sanchez NC, Tenofsky PL, Dort JM, Shen LY, Helmer SD, Smith RS. What is normal 
intra-abdominal pressure? American Surgeon. 2001;67(3):243

[6] Schein M, Ivatury R. Intra-abdominal hypertension and the abdominal compartment 
syndrome. British Journal of Surgery. 1998;85(8):1027.

[7] Vidal MG, Ruiz Weisser J, Gonzalez F, Toro MA, Loudet C, Balasini C, Canales H, Reina 
R, Estenssoro E. Incidence and clinical effects of intra-abdominal hypertension in criti-
cally ill patients. Critical Care Medicine. 2008;36(6):1823

[8] http://www.wsacs.org/consensus_summary.php [Accessed on October 11, 2011].

[9] Van Mook WN, Huslewe-Evers RP, Ramsay G. Abdominal compartment syndrome. 
Lancet. 2002;360(9344):1502

[10] Cullen DJ, Coyle JP, Teplick R, Long MC. Cardiovascular, pulmonary, and renal effects 
of massively increased intra-abdominal pressure in critically ill patients. Critical Care 
Medicine. 1989;17(2):118.

[11] Barnes GE, Laine GA, Giam PY, Smith EE, Granger HJ. Cardiovascular responses to 
elevation of intra-abdominal hydrostatic pressure. American Journal of Physiology. 
1985;248(2 Pt 2):R208.

[12] Aprahamian C, Wittmann DH, Bergstein JM, Quebbeman EJ. Temporary abdominal clo-
sure (TAC) for planned relaparotomy (etappenlavage) in trauma. Journal of Trauma. 
1990;30(6):719

[13] Quintel M, Pelosi P, Caironi P, Meinhardt JP, Luecke T, Herrmann P, Taccone P, Rylander 
C, Valenza F, Carlesso E, Gattinoni L. An increase of abdominal pressure increases 

Intensive Care68



References

[1] Hong JJ, Cohn SM, Perez JM, Dolich MO, Brown M, McKenney MG. Prospective study 
of the incidence and outcome of intra-abdominal hypertension and the abdominal com-
partment syndrome. British Journal of Surgery. 2002;89(5):591

[2] Balogh Z, McKinley BA, Holcomb JB, Miller CC, Cocanour CS, Kozar RA, Valdivia A, 
Ware DN, Moore FA. Both primary and secondary abdominal compartment syndrome 
can be predicted early and are harbingers of multiple organ failure. Journal of Trauma. 
2003;54(5):848

[3] Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Holcomb JB, Ware DN, Moore FA. 
Secondary abdominal compartment syndrome is an elusive early complication of trau-
matic shock resuscitation. American Journal of Surgery. 2002;184(6):538

[4] Malbrain ML, Cheatham ML, Kirkpatrick A, Sugrue M, Parr M, De Waele J, Balogh 
Z, Leppäniemi A, Olvera C, Ivatury R, D'Amours S, Wendon J, Hillman K, Johansson 
K, Kolkman K, Wilmer A. Results from the International Conference of experts on 
intra-abdominal hypertension and abdominal compartment syndrome. I. Definitions. 
Intensive Care Medicine. 2006;32(11):1722

[5] Sanchez NC, Tenofsky PL, Dort JM, Shen LY, Helmer SD, Smith RS. What is normal 
intra-abdominal pressure? American Surgeon. 2001;67(3):243

[6] Schein M, Ivatury R. Intra-abdominal hypertension and the abdominal compartment 
syndrome. British Journal of Surgery. 1998;85(8):1027.

[7] Vidal MG, Ruiz Weisser J, Gonzalez F, Toro MA, Loudet C, Balasini C, Canales H, Reina 
R, Estenssoro E. Incidence and clinical effects of intra-abdominal hypertension in criti-
cally ill patients. Critical Care Medicine. 2008;36(6):1823

[8] http://www.wsacs.org/consensus_summary.php [Accessed on October 11, 2011].

[9] Van Mook WN, Huslewe-Evers RP, Ramsay G. Abdominal compartment syndrome. 
Lancet. 2002;360(9344):1502

[10] Cullen DJ, Coyle JP, Teplick R, Long MC. Cardiovascular, pulmonary, and renal effects 
of massively increased intra-abdominal pressure in critically ill patients. Critical Care 
Medicine. 1989;17(2):118.

[11] Barnes GE, Laine GA, Giam PY, Smith EE, Granger HJ. Cardiovascular responses to 
elevation of intra-abdominal hydrostatic pressure. American Journal of Physiology. 
1985;248(2 Pt 2):R208.

[12] Aprahamian C, Wittmann DH, Bergstein JM, Quebbeman EJ. Temporary abdominal clo-
sure (TAC) for planned relaparotomy (etappenlavage) in trauma. Journal of Trauma. 
1990;30(6):719

[13] Quintel M, Pelosi P, Caironi P, Meinhardt JP, Luecke T, Herrmann P, Taccone P, Rylander 
C, Valenza F, Carlesso E, Gattinoni L. An increase of abdominal pressure increases 

Intensive Care68

pulmonary edema in oleic acid-induced lung injury. American Journal of Respiratory 
Critical Care Medicine. 2004;169(4):534

[14] Papavramidis TS, Marinis AD, Pliakos I, Kesisoglou I, Papavramidou N. Abdominal 
compartment syndrome – Intra-abdominal hypertension: Defining, diagnosing, and 
managing. Journal of Emergencies, Trauma and Shock. 2011;4(2):279-291

[15] Richards WO, Scovill W, Shin B, Reed W. Acute renal failure associated with increased 
intra-abdominal pressure. Annals of Surgery. 1983;197(2):183-187.

[16] Le Roith D, Bark H, Nyska M, Glick SM. The effect of abdominal pressure on plasma 
antidiuretic hormone levels in the dog. Journal of Surgical Research. 1982;32(1):65

[17] Friedlander MH, Simon RJ, Ivatury R, DiRaimo R, Machiedo GW. Effect of hemorrhage 
on superior mesenteric artery flow during increased intra-abdominal pressures. Journal 
of Trauma. 1998;45(3):433

[18] Chang MC, Cheatham ML, Nelson LD, Rutherford EJ, Morris JA Jr. Gastric tonometry 
supplements information provided by systemic indicators of oxygen transport. Journal 
of Trauma. 1994;37(3):488

[19] Caldwell CB, Ricotta JJ. Changes in visceral blood flow with elevated intraabdominal 
pressure. Journal of Surgical Research. 1987;43(1):14

[20] Mark G. Abdominal compartment syndrome in adults. In: Hilary S, Eileen MB, editors. 
Up to Date. Waltham, MA. [Accessed on March 4, 2017]

[21] Diebel LN, Wilson RF, Dulchavsky SA, Saxe J. Effect of increased intra-abdominal pres-
sure on hepatic arterial, portal venous, and hepatic microcirculatory blood flow. Journal 
of Trauma. 1992;33(2):279

[22] Gargiulo NJ 3rd, Simon RJ, Leon W, Machiedo GW. Hemorrhage exacerbates bacte-
rial translocation at low levels of intra-abdominal pressure. Archives of Surgery. 1998; 
133(12):1351

[23] Luca A, Cirera I, García-Pagán JC, Feu F, Pizcueta P, Bosch J, Rodés J. Hemodynamic 
effects of acute changes in intra-abdominal pressure in patients with cirrhosis. Gastro-
enterology. 1993;104(1):222

[24] Citerio G, Vascotto E, Villa F, Celotti S, Pesenti A. Induced abdominal compartment 
syndrome increases intracranial pressure in neurotrauma patients: A prospective study. 
Critical Care Medicine. 2001;29(7):1466.

[25] Bloomfield GL, Dalton JM, Sugerman HJ, Ridings PC, DeMaria EJ, Bullock R. Treatment 
of increasing intracranial pressure secondary to the acute abdominal compartment syn-
drome in a patient with combined abdominal and head trauma. Journal of Trauma. 
1995;39(6):1168

[26] Kirkpatrick AW, Brenneman FD, McLean RF, Rapanos T, Boulanger BR. Is clinical exam-
ination an accurate indicator of raised intra-abdominal pressure in critically injured 
patients? Canadian Journal of Surgery. 2000;43(3):207

Abdominal Compartment Syndrome: What Is New?
http://dx.doi.org/10.5772/intechopen.68343

69



[27] Pickhardt PJ, Shimony JS, Heiken JP, Buchman TG, Fisher AJ. The abdominal compart-
ment syndrome: CT findings. American Journal of Roentgenology. 1999;173(3):575

[28] Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain ML, De Keulenaer B, 
Duchesne J, Bjorck M, Leppaniemi A, Ejike JC, Sugrue M, Cheatham M, Ivatury R, Ball 
CG, Reintam Blaser A, Regli A, Balogh ZJ, D'Amours S, Debergh D, Kaplan M, Kimball 
E, Olvera C. Pediatric guidelines sub-committee for the world society of the abdominal 
compartment syndrome. Intra-abdominal hypertension and the abdominal compart-
ment syndrome: Updated consensus definitions and clinical practice guidelines from 
the World Society of the Abdominal Compartment Syndrome. Intensive Care Medicine. 
2013;39(7):1190-1206. Epub 2013 May 15.

[29] Malbrain ML. Different techniques to measure intra-abdominal pressure (IAP): Time for 
a critical re-appraisal. Intensive Care Medicine. 2004;30(3):357

[30] Hobson KG, Young KM, Ciraulo A, Palmieri TL, Greenhalgh DG. Release of abdomi-
nal compartment syndrome improves survival in patients with burn injury. Journal of 
Trauma. 2002;53(6):1129

[31] Cheatham ML, Safcsak K. Percutaneous catheter decompression in the treatment of ele-
vated intraabdominal pressure. Chest. 2011;140(6):1428

[32] Cheatham ML. Nonoperative management of intraabdominal hypertension and abdom-
inal compartment syndrome. World Journal of Surgery. 2009;33(6):1116-1122

[33] Cheatham ML, White MW, Sagraves SG, Johnson JL, Block EF. Abdominal perfusion 
pressure: A superior parameter in the assessment of intra-abdominal hypertension. 
Journal of Trauma. 2000;49(4):621

[34] Neils M, Babak S. In: Eileen M, Katthryn AC, editor. Up to Date. Waltham, MA. [Accessed 
on March 4, 2017]

[35] Chiara O, Cimbanassi S, Biffl W, Leppaniemi A, Henry S, Scalea, Thomas M, et al. Journal 
of Trauma and Acute Care Surgery. 2016;80(1):173-183

[36] Sugrue M. Abdominal compartment syndrome and the open abdomen: any unresolved 
issues? Current Opinion in Critical Care. 2017;23(1):73-78

[37] Leng Y, Ge Q, Zhao Z, Wang K, Yao G. MICU1 may be a promising intervention target 
for gut-derived sepsis induced by intra-abdominal hypertension. Cell Death Discovery. 
2016;2:16080.

[38] Yuxin L,Kuo Z, Jie F, Min Y, Qinggang G, Li C, Lu Z, Gaiqi Y. Effect of acute, slightly 
increased intra-abdominal pressure on intestinal permeability and oxidative stress in a 
rat model. PLoS One. 2014;9(10) e109350.

[39] Liu D, Zhang HG, Chang MT, Li Y, Zhang LY. Melanocortin-4 receptor agonists alleviate 
intestinal dysfunction in secondary intra-abdominal hypertension rat model. Journal of 
Surgical Research. 2015;195(1):263-270

Intensive Care70



[27] Pickhardt PJ, Shimony JS, Heiken JP, Buchman TG, Fisher AJ. The abdominal compart-
ment syndrome: CT findings. American Journal of Roentgenology. 1999;173(3):575

[28] Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain ML, De Keulenaer B, 
Duchesne J, Bjorck M, Leppaniemi A, Ejike JC, Sugrue M, Cheatham M, Ivatury R, Ball 
CG, Reintam Blaser A, Regli A, Balogh ZJ, D'Amours S, Debergh D, Kaplan M, Kimball 
E, Olvera C. Pediatric guidelines sub-committee for the world society of the abdominal 
compartment syndrome. Intra-abdominal hypertension and the abdominal compart-
ment syndrome: Updated consensus definitions and clinical practice guidelines from 
the World Society of the Abdominal Compartment Syndrome. Intensive Care Medicine. 
2013;39(7):1190-1206. Epub 2013 May 15.

[29] Malbrain ML. Different techniques to measure intra-abdominal pressure (IAP): Time for 
a critical re-appraisal. Intensive Care Medicine. 2004;30(3):357

[30] Hobson KG, Young KM, Ciraulo A, Palmieri TL, Greenhalgh DG. Release of abdomi-
nal compartment syndrome improves survival in patients with burn injury. Journal of 
Trauma. 2002;53(6):1129

[31] Cheatham ML, Safcsak K. Percutaneous catheter decompression in the treatment of ele-
vated intraabdominal pressure. Chest. 2011;140(6):1428

[32] Cheatham ML. Nonoperative management of intraabdominal hypertension and abdom-
inal compartment syndrome. World Journal of Surgery. 2009;33(6):1116-1122

[33] Cheatham ML, White MW, Sagraves SG, Johnson JL, Block EF. Abdominal perfusion 
pressure: A superior parameter in the assessment of intra-abdominal hypertension. 
Journal of Trauma. 2000;49(4):621

[34] Neils M, Babak S. In: Eileen M, Katthryn AC, editor. Up to Date. Waltham, MA. [Accessed 
on March 4, 2017]

[35] Chiara O, Cimbanassi S, Biffl W, Leppaniemi A, Henry S, Scalea, Thomas M, et al. Journal 
of Trauma and Acute Care Surgery. 2016;80(1):173-183

[36] Sugrue M. Abdominal compartment syndrome and the open abdomen: any unresolved 
issues? Current Opinion in Critical Care. 2017;23(1):73-78

[37] Leng Y, Ge Q, Zhao Z, Wang K, Yao G. MICU1 may be a promising intervention target 
for gut-derived sepsis induced by intra-abdominal hypertension. Cell Death Discovery. 
2016;2:16080.

[38] Yuxin L,Kuo Z, Jie F, Min Y, Qinggang G, Li C, Lu Z, Gaiqi Y. Effect of acute, slightly 
increased intra-abdominal pressure on intestinal permeability and oxidative stress in a 
rat model. PLoS One. 2014;9(10) e109350.

[39] Liu D, Zhang HG, Chang MT, Li Y, Zhang LY. Melanocortin-4 receptor agonists alleviate 
intestinal dysfunction in secondary intra-abdominal hypertension rat model. Journal of 
Surgical Research. 2015;195(1):263-270

Intensive Care70

[40] Malbrain ML, Chiumello D, Cesana BM, Reintam Blaser A, Starkopf J, Sugrue M, Pelosi 
P. A systematic review and individual patient data meta-analysis on intra-abdom-
inal hypertension in critically ill patients: The wake-up project. World initiative on 
Abdominal Hypertension Epidemiology, a Unifying Project (WAKE-Up!). Minerva 
Anaesthesiology. 2014;80(3):293-306.

[41] Horer T, Skoog P, Pirouzram A, Larzon T. Tissue plasminogen activator-assisted hema-
toma evacuation to relieve abdominal compartment syndrome after endovascular repair of 
ruptured abdominal aortic aneurysm. Journal of Endovascular Therapy. 2012;19:144−148

[42] Bodnar Z, Keresztes T, Kovacs I, Hajdu Z, Boissonneault GA, Sipka S. Increased serum 
adenosine and interleukin 10 levels as new laboratory markers of increased intra-
abdominal pressure. Langenbecks Archives of Surgery. 2010;395:969−972

[43] Bodnar Z, Szentkereszty Z, Hajdu Z, Boissonneault GA, Sipka S. Beneficial effects of the-
ophylline infusions in surgical patients with intra-abdominal hypertension. Langenbecks 
Archives of Surgery. 2011;396:793−800

[44] De Keulenaer B, Regli A, De laet I, Roberts DJ, Malbrain MLNG. What’s new in medical 
management strategies for raised intra-abdominal pressure: Evacuating intra-abdomi-
nal contents, improving abdominal wall compliance, pharmacotherapy, and continuous 
negative extra-abdominal pressure. Anaesthesiology Intensive Therapy. 2015;47(1):54-62.

[45] Sener G, Kacmaz A, User Y, Ozkan S, Tilki M, Yegen BC. Melatonin ameliorates oxida-
tive organ damage induced by acute intra-abdominal compartment syndrome in rats. 
Journal of Pineal Research. 2003;35:163−168

[46] Kremer T, Harenberg P, Hernekamp F et al. High-dose vitamin C treatment reduces 
capillary leakage after burn plasma transfer in rats. Journal of Burn Care Research. 
2010;31:470−479

[47] Bloomfield G, Saggi B, Blocher C, Sugerman H. Physiologic effects of externally applied 
continuous negative abdominal pressure for intra-abdominal hypertension. Journal of 
Trauma. 1999;46:1009−1014

[48] Sugerman HJ, Felton IW, 3rd, Sismanis A, et al. Continuous negative abdominal pres-
sure device to treat pseudotumor cerebri. International Journal of Obesity and Related 
Metabolic Disorders. 2001;25: 486

[49] Nissar Shaikh, et al. A rare and unsuspected complication of Clostridium difficile infec-
tion. Intensive Care Medicine. 2008:34:963-966

[50] Roberto, et al. Procedures for monitoring intra-abdominal pressure. Review of Medical 
Sciences. 2007 Jan-Mar;11(1) Pinar del Río

[51] Huang Q, Li J, Lau W-Y. Techniques for abdominal wall closure after damage control 
laparotomy: From temporary abdominal closure to early/delayed fascial closure—A 
review. Gastroenterology Research and Practice. 2016;2016:15. Article ID 2073260. DOI: 
http://dx.doi.org/10.1155/2016/2073260

Abdominal Compartment Syndrome: What Is New?
http://dx.doi.org/10.5772/intechopen.68343

71





Chapter 4

Aneurysmal Subarachnoid Hemorrhage

Adel E. Ahmed Ganaw, Abdulgafoor M. Tharayil,
Ali O. Mohamed Bel Khair, Saher Tahseen,
Jazib Hassan,
Mohammad Faisal Abdullah Malmstrom and
Sohel Mohamed Gamal Ahmed

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.68630

Abstract

Aneurysmal subarachnoid hemorrhage (SAH) is a devastating neurological syndrome, 
which occurs at a rate of 3–25 per 100,000 population. Smoking and hypertension are the 
most important risk factors of subarachnoid hemorrhage. Rupture of cerebral aneurysm 
leads to rapid spread of blood into cerebrospinal fluid and subsequently leads to sud‐
den increase of intracranial pressure and severe headache. Subarachnoid hemorrhage 
is associated with neurological (such as re‐bleeding and vasospasm) and systemic (such 
as myocardial injury and hyponatremia) complications that are causes of high mortal‐
ity and morbidity. Although patients with poor‐grade subarachnoid hemorrhage are at 
higher risk of neurological and systemic complications, the early and aggressive man‐
agement of this group of patient has decreased overall mortality by 17% in last 40 years. 
Early aneurysm repair, close monitoring in dedicated neurological intensive care unit, 
prevention, and aggressive management of medical and neurological complications are 
the most important strategies to improve outcome.

Keywords: albumin, aneurysmal subarachnoid hemorrhage, vasospasm, re‐bleeding, 
hyponatremia, cardiac complication, coiling, clipping

1. Introduction

Subarachnoid hemorrhage (SAH) is a devastating disease and is associated with high mortal‐
ity and poor outcomes among survivors, management by multidisciplinary team is associated 
with improved outcomes; however, intensive care management presents big challenge. Most 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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of spontaneous SAH is due to the rupture of saccular aneurysm, the prevalence of intracranial 
saccular aneurysm by radiographic and autopsy series is 5%, about 20–30% of patients have 
several aneurysms [1].

Aneurysmal SAH (aSAH) occurs at a rate of 2–16 per 100,000 population, mostly occurring 
between 40 and 60 years of age; however, young children and elderly can be affected. The inci‐
dence of SAH is higher in women than men, which may be due to hormonal status. African 
Americans are at a higher risk of SAH than Caucasian Americans. Mortality rate is about 60% 
within first 6 months [2, 3].

2. Circle of Willis

The circle of Willis is an anastomotic structure. It is formed when the internal carotid artery 
enters the cranial cavity bilaterally and divides into the anterior cerebral artery and middle 
cerebral artery, and the anterior cerebral arteries are then united by an anterior communi‐
cating artery. These anastomoses form the anterior half of the circle (anterior circulation). 
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3. Etiology

Subarachnoid hemorrhage is defined as bleeding into the space between the arachnoid and 
pia mater of the meninges enclosing the brain (subarachnoid space). The most common rea‐
son for spontaneous (non‐traumatic) SAH is the rupture of a cerebral aneurysm (85%) [5].

In about 15% of non‐traumatic SAH, no bleeding cause is identified by digital subtraction angi‐
ography (DSA). In these scenarios, differentiation between perimesencephalic and non‐perimes‐
encephalic location of the SAH is very important to determine further therapeutic approach [3].

Perimesencephalic SAH (PMSAH) is defined by the absence of an aneurysmatic bleeding and 
the classic presence of blood within the perimesencephalic and prepontine cisterns [3].

Computed topography angiogram (CTA) and magnetic resonance angiography (MRA) have 
high sensitivity of excluding aneurysmal bleedings in PMSAH.

PMSAH has less complication and better prognosis than aneurysmal SAH.

Non‐perimesencephalic is  SAH without bleeding source in the baseline DSA, the chance 
of positive findings in a follow‐up angiography fluctuated between 5 and 35%, that is why 
DSA should be repeated not before 3 weeks after the initial bleeding if there are no other 
therapeutic indications [3].

Non‐traumatic SAH can be caused by various other non‐aneurysmatic causes (Table 1), and 
the management of these cases must be performed according to the underlying cause [3].

Disease Example

Infectious arterial vasculitis Mycotic (infectious) aneurysm

Meningovascular lues

Lyme disease

Gnathostomiasis (Gnathostoma spinigerum)

Immune vasculitis Primary CNS angiitis

Polyarteritis nodosa

Wegener's vasculitis

Churg‐Strauss syndrome

Behçet's disease

Other cerebrovascular diseases Arteriovenous angioma

Dural arteriovenous fistula

Spinal arterial aneurysm

Intracranial arterial dissection

Venous sinus thrombosis

Cerebral amyloid angiopathy

Moyamoya disease

Aneurysmal Subarachnoid Hemorrhage
http://dx.doi.org/10.5772/intechopen.68630

75



4. Risk factors

Most spontaneous SAHs result from the rupture of intracranial aneurysms; therefore, risk 
factors for aneurysm formation overlap with risk factors for SAH.

(1) Cigarette smoking: It is associated with 11‐fold increased risk of SAH. Worldwide, it is 
the most important preventable risk factor, which has been proved in numerous cohort 
(relative risk, RR, of current smoking, 2.2) and case‐control studies (odds ratio, OR, 3.1); 
cigarette smoking also hastened aneurysm growth rate [2, 3].

(2) Hypertension: It is a major risk factor for SAH and possibly for aneurysm formation and 
fatal aneurysm rupture. Treatment of hypertension may reduce the risk of aneurysmal 
SAH [6].

(3) Alcohol abuse: Excessive alcohol abuse raises the possibility for SAH independent of 
cigarette smoking, age, and history of hypertension [3].

(4) Genetic risk: The risk of SAH increases seven folds in first‐degree relatives of patient; in 
addition, number of rare inherited conditions (Autosomal dominant polycystic kidney, 
Ehler‐Danlos syndrome) are associated with cerebral aneurysm and SAH [2, 6].

(5) Use of sympathomimetic drugs such as (cocaine) [6].

(6) Female sex: This is believed to be due to estrogen deficiency (estrogen replacement thera‐
py reduces the risk), so it is higher in postmenopausal women than premenopausal ones 
[3, 6].

(7) Antithrombotic therapy: It increases the severity of the hemorrhage, there are no data to 
prove whether antithrombotic therapy increases the risk of aneurysmal rupture or not 
[3, 6].

(8) Inflammation seems to play a vital role in the pathogenesis and growth of intracranial 
aneurysms. Prominent mediators include the nuclear factor k ‐ light‐chain enhancer of 
activated B cells (NF‐κB), tumor necrosis factor, macrophages, and reactive oxygen spe‐
cies. Although there are no controlled studies in humans, 3‐hydroxy‐3‐methylglutaryl 
coenzyme A reductase inhibitors (statins) and calcium channel blockers could impede 
aneurysm formation by the inhibition of NF‐κB and other pathways [6, 7].

Disease Example

Tumor Intracranial und intraspinal tumor

Hematology Sickle cell anemia

Drugs Anticoagulants and thrombolytic therapy

Substance abuse Cocaine

Table 1. Rare causes of non‐traumatic SAH [3].
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(9) Aneurysm size of 7 mm increases risk of rupture and subsequent SAH [6].

(10) Aneurysm morphology such as bottleneck shape and the ratio of size of aneurysm to par‐
ent vessels are associated with rupture of aneurysm [6].

(11) The risk of SAH increases in symptomatic patient with large unruptured cerebral aneu‐
rysm especially if it is located either on posterior communicating artery or on the verte‐
brobasilar system [6].

5. Pathophysiology

Smoking, chronic hypertension, and alcohol abuse lead to weakened arterial tunica media. 
Chronic exposure to intravascular shear stress leads to pouching of the weakened wall, espe‐
cially in the vicinity of bifurcations where turbulent flow is prominent.

The aneurysmal rupture is directly proportional to the size of the aneurysm, which is rising 
from 0.05% in aneurysms less than 10 mm to 6% for those greater than 25 mm.

More than 80% of cerebral aneurysm arises from the anterior carotid circulation (anterior and 
posterior communicating and middle cerebral arteries), with only 10–20% arising from the 
posterior vertebrobasilar circulation [1, 2].

Subsequent to aneurysmal rupture, blood spreads quickly within cerebrospinal fluid (CSF), 
rapidly increasing intracranial pressure (ICP), this sudden increase in the ICP leads to severe 
headache, cerebral edema, and hydrocephalus. Bleeding usually lasts for a few seconds; 
however, re‐bleeding is common and occurs within the first 24 h. The presence of blood and 
breakdown products of hemoglobin in the subarachnoid space is responsible for meningeal 
irritation, meningism, and vasospasm [2].

6. Clinical manifestation

Headache is the hallmark of aSAH in awake patient who describes it “as worst headache 
in their life,” this headache has a sudden onset and immediately reaches maximal inten‐
sity (thunderclap headache). Sentinel headache is also reported by 10–43% of patients, 
which is minor headache, and it is symptoms of minor hemorrhage (sentinel bleed or 
warning leak). Most of these minor hemorrhages occur within 2–8 weeks before major 
hemorrhage [6, 8].

The headache may be associated with nausea and/or vomiting, stiff neck, photophobia, brief 
loss of consciousness, or focal neurological deficits (including cranial nerve palsies).

Seizures occur in about 26% of patients within the first 24 h of SAH, most of the time 
before medical care is accessed. It is common in presence of intracerebral hemorrhage, in 
hypertensive patients, and patient with middle cerebral or anterior communicating artery 
aneurysms [6].
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7. Diagnosis

7.1. Non‐contrast head CT scan

Non‐contrast CT scan is the cornerstone of SAH diagnosis, it confirms the presence of 
blood clot in subarachnoid space in most of the cases if the scan is performed in the first 
24 h, and it may also provide an idea of the cause of the bleeding and site of the aneurysm. 
In addition to that, it is useful in diagnosis of intraventricular and subdural hematoma 
[2, 6].

CT scan sensitivity is highest in the first 3 days (close to 100%) and progressively decreases 
over time to about 58% in the fifth day [6].

7.2. Lumbar puncture

The typical findings are an elevated opening pressure and presence of xanthochromia, which 
can last for 2 weeks after SAH. Xanthochromia represents hemoglobin degradation products 
in CSF and indicates that the blood has been in CSF for at least 2 h [6, 9].

7.3. Brain MRI

MRI has advantages over CT brain in detection of subacute subarachnoid hemorrhage (after 
4 days), when head CT scan is negative and there is clinical suspicion of SAH, and possibly 
avoiding the need of lumbar puncture. The most important disadvantages are difficulty in 
scanning acutely confused ill patient, without sedation for at least 45 minutes, predisposing 
to motion artifact, and is expensive in comparison with CT [6].

7.4. Digital subtraction angiography (DSA)

Once diagnosis of SAH has been completed, the source of bleeding must be identified with 
angiographic studies. Digital subtraction angiography (DSA) is the gold standard for the 
detection of intracranial aneurysm and study of anatomical features of cerebral blood vessels 
[3, 6].

7.5. CT and MR angiography

Both CT and MR angiography are useful for screening and pre‐surgical planning, they can 
detect aneurysms ≥3 mm with high degree of sensitivity; however, they are less sensitive 
than conventional angiography. CTA can be achieved immediately after the diagnosis of 
SAH by CT scan when the patient is still in scanner; CTA is more practical than MRA in 
acute setting. CTA is used as an alternative to conventional angiography in SAH patients, 
especially in acute setting and rapidly declining patient who needs emergent craniotomy for 
hematoma evacuation. CTA can substitute catheter cerebral angiography in older patient with 
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 degenerative vascular disease provided that the quality is excellent and investigation is per‐
formed cautiously. Negative CTA should be followed by two‐ and three‐dimensional cerebral 
angiography in case of diffuse SAH [3, 6]. MRA is rarely indicated in SAH, because of limited 
routine availability, difficulty in scanning acutely sick patient, who is poorly compliant to 
commands, which can affect quality of the study, moreover MRA is time consuming and very 
expensive [6].

8. Grading of SAH

Hard work has been made for the development of scales to clinically grade patients with SAH, 
to assess the severity of initial injury, to guide treatment decision, to provide  prognostic 
 information regarding outcome, and to standardize patient evaluation for scientific study 
purposes. Since 1933, more than 40 grading systems have been proposed for patients with 
cerebral aneurysm. Currently, the most commonly used SAH grading scales are the Hunt and 
Hess scale, Fisher scale, Glasgow Coma Scale (GCS), and the World Federation of Neurological 
Surgeons (WFNS) scale [10].

8.1. World Federation of Neurosurgeons SAH Scale (WFNS)

In 1998, an expert judgment committee projected the WFNS scale, it was based on GCS and 
the presence of focal neurological deficit (Table 2). Numerous studies found direct association 
between WFNS grade and outcome [10].

8.2. Prognosis on Admission of Aneurysmal Subarachnoid Hemorrhage (PAASH)

PAASH is solely based on the GCS; it has excellent internal and external validity in regard to 
clinical outcome. In a study comparing prognostic accuracy of WFNS and PAASH, PAASH 
had a good prognostic value for patient outcome (Table 3) [3].

WFNS scale GCS Motor deficit, aphasia±hemiparesis or hemiplegia

I 15 Absent

II 14–13 Absent

III 14–13 Present

IV 12–7 Present/absent

V 6–3 Present/absent

Table 2. World Federation of Neurosurgeons SAH scale.
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8.3. The Hunt and Hess scale

The Hunt and Hess scale was projected in 1968 as an adjustment to an older system initially 
described by Botterell and colleagues in 1956. The scale was prepared to stratify the surgical 
risk and to help the surgeon on making appropriate decision in appropriate time. It is well 
known in the neuroscientific community; however, many of the terms used to define grades, 
such as drowsy, stupor or deep coma, headache (mild, moderate, severe), nuchal rigidity 
(slight vs. sever), are subjective and vague which makes this grading system neither reliable 
nor valid (Table 4) [3, 10].

8.4. Fisher scale

In 1980, the Fisher scale was projected to predict cerebral vasospasm after SAH (Figure 2), 
the scale quantifies the amount of blood seen on CT scan (Table 5). It was developed when 
 imaging technology had roughly one‐tenth of the resolution currently available. Subarachnoid 

Grade Clinical description

I Asymptomatic or minimal headache and slight nuchal rigidity.

II Moderate to severe headache, nuchal rigidity, no neurological deficit other than cranial nerve palsy.

III Drowsiness, confusion, or mild focal deficit.

IV Stupor, moderate to severe hemiparesis, and possibly decerebrate rigidity and vegetative disturbances.

V Deep coma, decerebrate rigidity, moribund appearance.

Table 4. Hunt and Hess scale.

Scale Grade Criteria Proportion of patient with poor outcome (%)

WFNS I GCS 15 14.8

II GCS 13–14 no focal deficits 29.4

III GCS 13–14 focal deficits 52.6

IV GCS 7–12 58.3

V GCS 3–6 92.7

PAASH I GCS 15 14.8

II GCS 11–14 41.3

III GCS 8–10 74.4

IV GCS 4–7 84.7

V GCS 3 93.9

Table 3. Two SAH grading scales with criteria per grade and relation with outcome [3].
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clot less than 1 mm in true thickness is uncommon, as is the finding of no blood on admission 
CT scan, therefore, grades 1 and 2 were actually be quite uncommon [3, 10].

9. Complications associated with SAH

Complications of subarachnoid hemorrhage can be divided into CNS and systemic compli 
cations.

Group Blood on CT scan

I No subarachnoid detected.

II Diffuse or thin vertical layer <1 mm thick.

III Localized subarachnoid clot and/or vertical layer >1 mm thick.

IV Intraventricular or intra‐parenchymal clot with diffuse or no SAH.

Table 5. Fisher grade scale.

Figure 2. Scale grading system used to quantify the amount of subarachnoid hemorrhage and intraventricular 
hemorrhage (IVH). The percentages in the circles refer to the risk of vasospasm. Grades III and IV in the scale are the 
ones with the higher risk to develop “symptomatic vasospasm.” Adopted with permission from Ref. [11].
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9.1. CNS complications

Re‐bleeding, vasospasm, hydrocephalus, and seizures are the most important CNS compli‐
cations of SAH. The high rates of mortality and morbidity after aneurysmal subarachnoid 
hemorrhage are mainly due to CNS complications.

9.1.1. Re‐bleeding

Re‐bleeding occurs at a rate of 4–13% in the first 24 h, maximal risk of re‐bleeding is in the first 
2–12 h, most of re‐bleeding (73%) occurs within the first 72 h of initial hemorrhage. Re‐bleed‐
ing is associated with very high mortality and morbidity, especially if it occurs in the first 12 
h after the hemorrhage, the mortality rate reaches to 70% [6, 12].

Many factors are considered as predictor for re‐bleeding:

Hunt‐Hess grade on admission.

Maximal aneurysmal diameter.

High initial blood pressure.

Sentinel headache preceding SAH.

Longer interval from ictus to admission.

Ventriculostomy before aneurysmal treatment [6, 13].

Re‐bleeding diagnosis is based on the deterioration of neurological status and appearance 
of new hemorrhage in CT scan. Early securing of the aneurysm is the treatment of choice to 
prevent re‐bleeding; however, the optimum time for early intervention is unclear whether 
intervention within 24 h (ultra‐early) is superior to intervention after 3 days [12].

The management of high blood pressure after SAH is still debatable due to the lack of evi‐
dence from randomized controlled trial. Data from observational studies propose that aggres‐
sive management of blood pressure reduces the risk of re‐bleeding, however, at the expense 
of an increase in secondary ischemia. It looks acceptable but without strong evidence to 
stop all antihypertensive medications that the patients were taking,  and treat hypertension 
only when it is extremely high. It is very difficult to give limits for extreme blood pressures, 
because extreme varies between patients and it is affected by many factors such as previous 
blood pressure, cardiac disease, patient age, and other factors [3].

European stroke organization guidelines for the management of intracranial aneurysm and 
subarachnoid hemorrhage recommended that the systolic blood pressure should be kept less 
than 180 mmHg in patients with unsecured aneurysm, till the aneurysm is secured with coil‐
ing or clipping. They also recommended keeping mean arterial pressure (MAP) above 90 
mmHg when blood pressure is lowered [3].

Nicardipine is short‐acting calcium channel blocker, used for smooth control of blood pres‐
sure [3, 6].
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For patient with an unavoidable delay in obliteration of aneurysm, and great risk of re‐bleed‐
ing, short‐term (72 h) therapy with tranexamic acid or aminocaproic acid is advisable (pro‐
vided there is no medical contraindication) to decrease the risk of early bleeding. The overall 
outcome did not noticeably improve in patients treated with tranexamic acid, in spite of a 
remarkable decrease in re‐bleeding [3, 6].

In an uncontrolled study of 18 patients who received an intraoperative dose of Recombinant 
factor VIIa, no re‐bleeding was reported; however, one case had deep venous thrombo‐
sis (DVT) and seven had thrombosis in upper extremity in association with peripherally 
inserted central lines. Currently, there is no evidence to support the use of recombinant 
factor VIIa [3].

9.1.2. Vasospasm

Vasospasm is luminal narrowing of large cerebral blood arteries after SAH, leading to cerebral 
ischemia. Vasospasm commonly occurs 3–5 days after initial hemorrhage, with peak vasocon‐
striction occurring between days 5 and 14; it usually resolves spontaneously after 21 days of 
SAH. It may manifest in many features such as reduced conscious level, focal neurological 
deficit, and simply nuchal rigidity; the exclusion of other causes, such as re‐bleeding, hydro‐
cephalus, sepsis, and metabolic derangement, is required to confirm the diagnosis [6, 14, 15].

Sometimes there is no correlation between severity of vasospasm and the symptoms of isch‐
emia. There are patients with severe large artery spasm who never become symptomatic 
and others with quite modest spasm who develop infarction. Possibly various factors play 
important role in the development of ischemia and infarction, such as distal microcirculatory 
failure, poor collateral anatomy, and genetic or physiological variations in cellular ischemic 
tolerance. Vasospasm is confirmed angiographically in 70% of SAH patient , however  it mani‐
fests as symptomatic spasm in 36% of all patients  with SAH [6, 14, 15].

Age more than 80 years, smoking, hypertension, SAH clot volume (a higher Fisher's grade), 
location of aneurysm (vertebral artery, right sylvian fissure, pericallosal middle cerebral artery 
[MCA]), left ventricular hypertrophy, and treatment modality are the main risk factors for the 
development of cerebral vasospasm [15].

Digital subtraction angiography (DSA) is the gold standard diagnostic investigation to diag‐
nose vasospasm (reduced arterial diameter). Computed tomography angiography (CTA) and 
MRI studies are alternative investigations to DSA [15].

Transcranial Doppler sonography (TCD) can be used at the bedside to aid the diagnosis of 
vasospasm. The TCD criteria for vasospasm include a  mean flow velocity (MFV) greater 
than 120 cm/s, change in MFV value of more than 50 cm/s over 24 h, and Lindegaard ratio 
more than 3 (Lindegaard is a ratio derived from concurrent measurements of MFV in MCA 
and distal ipsilateral extracranial ICA). Diffusion‐perfusion mismatch on MRI is an useful 
investigation for the identification of early stages of vasospasm. Increase in motor‐evoked 
potential threshold more than 50 mA from the baseline value is an accurate indicator of 
vasospasm.
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Inflammatory marker such as C‐reactive protein has been investigated for its ability to predict 
vasospasm. In 93 SAH patients, postoperative and not preoperative C‐reactive proteins were 
associated with vasospasm and poor outcome with a cut‐off value of 4 mg/dL [15].

9.1.2.1. Pathophysiology of cerebral vasospasm

It is complicated. Various cascades in affected blood vessels and neurons are in play, they can 
be grouped into two categories.

9.1.2.1.1. Elevated intracellular calcium

After SAH, calcium influxes into smooth muscle and neuron is rapidly increased through 
N‐methyl‐D‐aspartate receptor (NMDA) and voltage‐gated calcium channels, moreover gluta‐
mate is increased and activates NMDA receptors, leading to further calcium influx in smooth 
muscle, high intracellular calcium concentration enhances binding of calcium to calmodulin. 
Calmodulin activates myosin light chain kinase (MLCK) to phosphorylate myosin, which induces 
myosin‐actin interaction and smooth muscle contraction and blood vessels constriction [14].
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oxide (physiologic vasodilator) and stimulates leukocytes to produce endothelin‐1 (physi‐
ologic vasoconstrictor), resulting in potent vasoconstriction. Furthermore, breakdown of oxy‐
hemoglobin leads to release of reactive oxygen species and iron which leads to oxidative 
damage to blood vessel walls [14].

In addition, production of vasoactive compounds after SAH, such as serotonin, norepineph‐
rine, and angiotensin II, leads to potent vasoconstriction [14].

9.1.2.2. Treatment of cerebral vasospasm and cerebral ischemia

9.1.2.2.1. Nimodipine

It is L‐type calcium channel blocker—it is the only drug that has been approved for SAH in 
European countries and the USA. It improves long‐term neurological outcome if it is started on 
admission and administered for 21 days. The recommended oral dosage is 60 mg 4 hourly orally 
(maximum daily dose 360 mg). The role of nimodipine is based on general brain protective 
mechanism as there is no proof to suggest that it treats angiographically diagnosed vasospasm, 
and it also increases fibrinolytic activity and inhibits cortical spreading ischemia [2, 6, 12, 15].

Recently, biodegradable silica‐based nimodipine implant was effectively used in the man‐
agement of vasospasm. It is associated with higher nimodipine cerebrospinal fluid (CSF) to 
plasma ratio than traditional nimodipine [15].
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The continuous intravenous infusion of nimodipine is not recommended as it is not superior 
to oral nimodipine and is associated with high incidence of hypotension especially in hypo‐
volemic patient (an adequate systolic BP of 130–150 mmHg takes priority over nimodipine 
administration, and it should be stopped if a stable BP can't be maintained).

The recommended dose of Intravenous nimodipine is 1 mg/h in the first 6 h, then increased to  
1.5 mg/h in next 6 h, then increased to 2 mg/h (maximum dose) [2, 6, 15].

9.1.2.2.2. Fasudil

It is Rho‐kinase inhibitor, it decreases smooth muscle contraction and inhibits TNF‐induced 
IL‐6 release from C6 glioma cells, and it causes better angiographic reduction in vasospasm 
and better neurological outcome than nimodipine. Fasudil is approved for use in Japan and 
China but not in the USA or Europe [12, 15].

9.1.2.2.3. Triple‐H therapy (hemodynamic augmentation therapy)

It is a combination of induced hypertension, hypervolemia, and hemodilution (HHH) to 
improve blood flow through narrowed cerebral blood vessels due to vasospasm. Triple‐H 
has been for years used as a treatment of choice for the treatment of delayed cerebral isch‐
emia, although the literature supporting its effectiveness and safety is lacking, in fact triple‐
H therapy is associated with an increase in the risk of systemic complications such as heart 
failure, pulmonary edema, and infections; therefore, the use of prophylactic triple‐H therapy 
is not recommended [3, 12].

Angiographic vasospasm without a new neurological deficit should not be treated. The 
development of unexplained  new neurological deficit or change in conscious level, imme‐
diate aggressive therapy should be started. The first step is a fluid bolus with normal saline 
to increase cerebral blood flow (CBF) in ischemic area, the goal is to maintain euvolemia. 
Hypervolemia and hemodilution do not increase cerebral oxygen delivery and might 
cause adverse events. If patients fail to respond completely to the fluid, management may 
undergo a trial of hypertension. Blood pressure is increased gradually with the use of a 
vasopressor. Neurological assessment should be repeated frequently in each blood pres‐
sure step (systolic blood pressure 180 mmHg / 190 mmHg / 200 mmHg), and the target 
should be based on neurological improvement. If the patient did not respond to induced 
hypertension (systolic blood pressure of 200–220 mmHg), a rescue cerebral angioplasty 
should be considered [12].

9.1.2.2.4. Balloon angioplasty

Cerebral angioplasty is indicated in symptomatic patient with cerebral vasospasm, who is not 
responding to hypertensive therapy, Prophylactic angioplasty is not recommended [2, 6, 12].

Cerebral angioplasty may lead to arterial dissection, rupture, thrombosis, infarction, hemor‐
rhage, and reperfusion injury leading to cerebral edema [6, 15].
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9.1.2.2.5. Intra‐arterial papaverine

Up to 300 mg of papaverine per hemisphere is used for the treatment of distal vasospasm.

The main disadvantages of intra‐arterial papaverine may require repeating, relatively short‐
acting, neurotoxic, seizures, blindness, coma, irreversible brain injury, arrhythmia, and hemo‐
dynamic instability refractory to treatment [2].

9.1.2.2.6. Magnesium sulphate

Currently, there is no evidence to support the use of magnesium sulphate (MgSO4) prophy‐
lactically or as a treatment modality in delayed cerebral ischemia (DCI). In the Mash 2 Trial, 
MgSO4 did not improve primary outcome. However, intrathecal and cisternal administration 
of MgSO4 significantly decreased the severity of vasospasm without any reduction in inci‐
dence of DCI or functional outcome [3, 6, 15].

9.1.2.2.7. Statins

Recent meta‐analysis reported no role of statin in SAH, and a larger phase 3 trial (Simvastatin 
in Aneurysmal Subarachnoid Hemorrhage [STASH]) failed to confirm any beneficial effect 
of statin for long‐ or short‐term outcome and should not be used routinely in acute stage 
[6, 12, 15].

9.1.2.2.8. Endothelin A‐receptor antagonist

Clazosentan (endothelin‐1 receptor antagonist) had been presented to be associated with a 
dose‐dependent decrease in the frequency of vasospasm in a phase IIb trial (Clazosentan to 
Overcome Neurological iSChemia and Infarct OccUrring after Subarachnoid hemorrhage 
[CONSCIOUS‐1]) [6, 15].

Two further trials were carried out:

CONSCIOUS‐2: A double blind, placebo‐controlled trial, clazosentan was given at a rate of 5 
mg/h for 15 days to patients treated with aneurysm clipping. There was statistically insignifi‐
cant decrease in mortality and vasospasm‐related morbidity [15].

CONSCIOUS‐3: This study was double blind, placebo‐ controlled study to assess whether 
clazosentan reduced vasospasm‐related mortality after securing aneurysmal SAH by endo‐
vascular coiling. The study was halted prematurely after completion of conscious‐2 trial and 
failed to show any beneficial effect of clazosentan.

It is worth noting that patient who received clazosentan had more pulmonary complications, 
anemia, and hypotension than the placebo group [6, 15].

9.1.2.3. Other miscellaneous treatments

9.1.2.3.1. Milrinone

In a large case series based on the assessment of all subarachnoid hemorrhage patients diag‐
nosed with delayed ischemic neurological deficit between April 1999 and April 2006, 88 

Intensive Care86



9.1.2.2.5. Intra‐arterial papaverine

Up to 300 mg of papaverine per hemisphere is used for the treatment of distal vasospasm.

The main disadvantages of intra‐arterial papaverine may require repeating, relatively short‐
acting, neurotoxic, seizures, blindness, coma, irreversible brain injury, arrhythmia, and hemo‐
dynamic instability refractory to treatment [2].

9.1.2.2.6. Magnesium sulphate

Currently, there is no evidence to support the use of magnesium sulphate (MgSO4) prophy‐
lactically or as a treatment modality in delayed cerebral ischemia (DCI). In the Mash 2 Trial, 
MgSO4 did not improve primary outcome. However, intrathecal and cisternal administration 
of MgSO4 significantly decreased the severity of vasospasm without any reduction in inci‐
dence of DCI or functional outcome [3, 6, 15].

9.1.2.2.7. Statins

Recent meta‐analysis reported no role of statin in SAH, and a larger phase 3 trial (Simvastatin 
in Aneurysmal Subarachnoid Hemorrhage [STASH]) failed to confirm any beneficial effect 
of statin for long‐ or short‐term outcome and should not be used routinely in acute stage 
[6, 12, 15].

9.1.2.2.8. Endothelin A‐receptor antagonist

Clazosentan (endothelin‐1 receptor antagonist) had been presented to be associated with a 
dose‐dependent decrease in the frequency of vasospasm in a phase IIb trial (Clazosentan to 
Overcome Neurological iSChemia and Infarct OccUrring after Subarachnoid hemorrhage 
[CONSCIOUS‐1]) [6, 15].

Two further trials were carried out:

CONSCIOUS‐2: A double blind, placebo‐controlled trial, clazosentan was given at a rate of 5 
mg/h for 15 days to patients treated with aneurysm clipping. There was statistically insignifi‐
cant decrease in mortality and vasospasm‐related morbidity [15].

CONSCIOUS‐3: This study was double blind, placebo‐ controlled study to assess whether 
clazosentan reduced vasospasm‐related mortality after securing aneurysmal SAH by endo‐
vascular coiling. The study was halted prematurely after completion of conscious‐2 trial and 
failed to show any beneficial effect of clazosentan.

It is worth noting that patient who received clazosentan had more pulmonary complications, 
anemia, and hypotension than the placebo group [6, 15].

9.1.2.3. Other miscellaneous treatments

9.1.2.3.1. Milrinone

In a large case series based on the assessment of all subarachnoid hemorrhage patients diag‐
nosed with delayed ischemic neurological deficit between April 1999 and April 2006, 88 

Intensive Care86

patients were found to have received milrinone infusion for a median of 9.8 days. At 44.6 
months, 75% of them had a good functional outcome. Because of obvious limitations in this 
study, further studies are warranted [15].

9.1.2.3.2. Stellate ganglion block

A small study included 15 patients who had refractory cerebral vasospasm after surgical clip‐
ping of aneurysm. Stellate ganglion block was performed using 10 mL of bupivacaine 0.5% on 
the side with maximum cerebral blood flow velocity. Neurological status, cerebral blood flow 
velocity, and pulsatility index were assessed before and 10 min, 30 min, 2 h, 6 h, 12 h, and 24 h 
after stellate ganglion block. The ipsilateral Middle Cerebral Artery (MCA) mean velocity was 
reduced with reduction in neurological deficit and improvement in GCS; because of obvious 
limitations in this study, further studies are required [15].

9.1.2.3.3. Albumin

Albumin 25% has been tried to improve outcomes in a pilot study (Albumin in Subarachnoid 
Hemorrhage trial). The incidence of vasospasm, DCI, and cerebral infarction was significantly 
reduced with high dose of albumin; however, this is still experimental and further studies are 
required to support this study [12, 15].

9.1.3. Hydrocephalus

Hydrocephalus is one of the common complications of SAH; it is either acute or chronic.

Acute hydrocephalus occurs in 15–87% of  SAH patients  as a result of obstruction of CSF flow 
by blood products or adhesion, some clinician avoid insertion of a ventricular drain in these 
cases immediately as half of them will recover spontaneously and there is a risk of re‐bleed‐
ing and infection (meningitis and ventriculitis). Another approach recommended is to start 
immediate external ventricular drainage (keeping intracranial pressure between 10 and 20 
mm Hg), especially when obstructive hydrocephalus is suspected or when the lumbar drain‐
age is contraindicated (sever high intracranial pressure) [3, 6].

It has been recommended to apply lumbar drainage as a consecutive treatment of external ven‐
tricular drain (EVD) before shunting in cases with spontaneous intracerebral hemorrhage (ICH) 
when there is no blood in the third and fourth ventricles (communicating hydrocephalus). This 
option can be considered as an alternate approach to decrease the occurrence of permanent 
shunts, improve brain relaxation, and decrease risk of vasospasm; however, this approach may 
cause downward herniation in some cases such as supratentorial swelling and the development 
of hygroma. Currently no prospective clinical trial supports  lumbar drain insertion either for 
spontaneous ICH or cases with SAH [3, 6].

Acute hydrocephalus increases risk of  cerebral infarction and re‐bleeding and eventually 
may worsen the mortality and morbidity secondary to cerebral infarction and re‐bleeding 
[3, 6].

Chronic shunt‐dependent hydrocephalus, which occurs in 8.9–48% of patients with SAH due 
to a decrease in CSF absorption at the arachnoid granulation, it is usually treated with shunt 
placement [3, 6].
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Many factors are considered as predictor of hydrocephalus:

• Elderly.

• Intraventricular hemorrhage.

• Hypertension.

• Hyponatremia at presentation.

• Low Glasgow Coma Score at presentation.

• Antifibrinolytic agents.

9.1.4. Seizures

More than 26% of patients with SAH experience seizure‐like episodes, the majority of such 
patients report the onset of these seizures occurring before medical care are accessed. There 
are variable risk factors for the development of early seizures, such as aneurysm in middle 
cerebral artery, thickness of SAH clot, hypertension, intracerebral hematoma, re‐bleeding, 
cerebral infarction, and poor neurological grade. Routine use of anticonvulsants is associated 
with worsening of the cognitive function, delayed ischemia, fever, and vasospasm; however, 
it may be considered in patients with high risk of delayed seizure [3, 6].

9.2. Systemic complications associated with SAH

The high morbidity and mortality associated with SAH is not only due to neurological com‐
plications, non‐neurological complications also play a major role in increasing mortality and 
morbidity rates [16].

9.2.1. Cardiac complications

Cardiac complications occur in about 50% of patients with SAH; it ranges from mild elevation 
in cardiac enzymes and electrocardiogram (ECG) changes to obvious clinical and echocardio‐
graphic pathology. Cardiac damage markers are associated with an increased mortality and 
poor outcome and DCI [16].

9.2.1.1. Pathophysiology

9.2.1.1.1. Mild myocardial injury

This is presented by mild elevation in serum cardiac troponin I (not reaching diagnostic 
threshold of MI). This elevation occurs in 20–68% of patients with SAH. The degree of neuro‐
logical injury, as graded by the Hunt‐Hess scale, is an independent predictor of myocardial 
injury in SAH patients. Serum troponin is a powerful predictor for cardiac and pulmonary 
complications, such as hypotension requiring vasopressor, left ventricular (LV) dysfunction, 
pulmonary edema, and DCI, especially in patient presenting with a high grade on WFNS.
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Serum troponin is a more specific and sensitive indicator of myocardial injury than creatinine 
kinase‐MB; therefore, serum troponin levels and trends must be monitored through serial 
measurements particularly in SAH patients with past history of cardiovascular disease [16].

9.2.1.1.2. Cardiomyopathy

Neurogenic stunned myocardium (NSM) is the most severe form of myocardial injury in 
SAH, it occurs in 20–30% of patients with SAH. The elevated level of sympathetic tone leads 
to calcium overload with reduced sensitization of contractile filaments to this cation, eventu‐
ally causing myocardial depression. It is characterized by subendocardial contraction band 
necrosis.

Echocardiography shows abnormal LV contractility and abnormal wall motion, which are 
reversible but sometimes leads to cardiogenic shock [16].

CK‐MB levels, female gender, and poor neurological grade are predictors of LV dysfunction.

Severe LV dysfunction decreases cardiac output (CO) and mean arterial pressure leading to 
reduction in cerebral blood flow (CBF). Furthermore, LV dysfunction may be associated with 
cerebral vasospasm and significant decrease in cerebral perfusion pressure therefore, optimi‐
zation of heart function is critical to prevent progression of neurological dysfunction and to 
promote recovery in patients with SAH [2, 6, 16–18].

The use of inotropes such as dobutamine or milrinone may be required to optimize cardiac 
output (CO). In severe LV dysfunction, implementation of intra‐aortic balloon pump may be 
required [2, 6, 16, 18].

9.2.1.1.3. ECG findings

It is common in SAH patients, particularly in the first 3 days of presentation, nearly 50–100% 
of SAH patients will show different forms of ECG changes such as ST segments changes, T 
wave changes, QTc prolongation, and Prominent U wave (Table 6) [16, 17].

Around 4–8% of SAH patients will have malignant arrhythmias such as ventricular tachycar‐
dia (VT), torsade de pointe, and asystole [16, 18].

ECG abnormality Reported incidence (%)

ST‐segment changes 15–51

Inverted or isoelectric T waves 12–92

QTc prolongation 11–66

Prominent U waves 4–47

Sinus bradycardia 16

Sinus tachycardia 8.5

Table 6. ECG changes after subarachnoid hemorrhage [17].
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Management of arrhythmias in SAH patients depends upon the type of arrhythmia, clinical 
significance, and the patient's condition. As a first step, it is vital to assure satisfactory oxygen‐
ation and correct electrolyte abnormalities and metabolic disturbance.

The use of beta‐blockers to treat cardiac tachyarrhythmia in SAH should be balanced against 
hypotension and decrease in cerebral blood flow (CBF). A new study concluded that  the 
presence of  arrhythmias is  associated with poor outcome; in spite of this, no correlation 
was found between severity of cardiac arrhythmia and the site or the  extent of intracranial 
hemorrhage on CT scan, neurological condition, or the location of ruptured malformation [6, 
16, 18].

9.2.2. Electrolyte disturbance

The SAH is associated with different forms of electrolyte disturbances, such as hyponatremia, 
hypokalemia, hypocalcaemia, and hypomagnesaemia [6].

9.2.2.1. Hyponatremia

Hyponatremia is the most common clinically significant electrolyte derangement associated 
with SAH. It has an incidence ranging from 35 to 56 %, its diagnostic and therapeutic dilemma 
needs to be sorted to improve outcome of SAH patient [2, 16, 19].

Syndrome of inappropriate antidiuretic hormone secretion (SIADH) is the most common 
cause of hyponatremia; other causes are acute cortisol insufficiency, cerebral salt wasting syn‐
drome (CSW), extreme fluid therapy, and/or diuretic therapy.

Kao et al. stated that 34.5% of severe hyponatremia were secondary to SIADH, whereas 23% 
were considered to be due to CSW. Noteworthy, the patients recruited in this study had more 
severe SAH than in the comparative studies, and the inclusion criterion was a plasma Na <130 
mEq/L [19].

Irrespective of the cause, hyponatremia in SAH patients increases hospital stay, risk of vaso‐
spasm, and mortality rate.

The incidence of hyponatremia is associated with the location of aneurysmal rupture. 
Hyponatremia mostly occurs after rupture of anterior communicating artery (AComA). It 
was seen in 52.4% of patients with AComA; it may be because the hypothalamus is supplied 
by branch from AComA [19].

9.2.2.2. Causes of hyponatremia

SIADH is considered the most common cause of severe hyponatremia in SAH; it is secondary 
to excessive secretion of antidiuretic hormone as a result of stimulation of hypothalamus with 
traumatic or ischemic factor, causing increased water reabsorption in the distal convoluted 
tubule of the kidney, resulting in dilutional hyponatremia and fluid retention [19].

In CSW, the increase in urinary sodium  excretion  and urine output are due to abnormal release 
of atrial and brain natriuretic hormones, causing reduction in circulating blood volume, as well 
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as extracellular fluid. Cerebral salt wasting syndrome can be treated with hypertonic saline solu‐
tion which increases cerebral blood flow, brain tissue oxygen [19].

Clinically, it is very difficult to differentiate between SIADH and CSW syndrome, due to signifi‐
cant overlapping clinical findings between both syndromes: both syndromes are associated with 
brain lesions; have normal thyroid, adrenal, and kidney functions are hyponatremic, hypouri‐
cemic and have concentrated urines, high urinary sodium over 40 mEq/L, and high fractional 
excretion (FE) of urate. The only clinical difference is the state of their extracellular volume 
(ECV): being hypervolemic or euvolemic in SIADH and hypovolemic in CSW (Table 7) [20].

ECV assessment by usual clinical criteria is very difficult, not accurate to any degree [20].

Determination fractional excretion (FE) of urate is very helpful to differentiate between these 
syndromes, FEurate, normal 4–11%, has been constantly increased to >11% in both syndromes 
and has a distinctive relationship to serum sodium in both syndromes. In SIADH, correction 
of hyponatremia will normalize FEurate to 4–11% but in CSW syndrome FEurate consistently 
> 11% event after correction of hyponatremia (Figure 3).

This algorithm is useful only with normal glomerular filtration rate GFR, because FEurate can 
exceed normal values in patients with reduced glomerular filtration rate (GFR) [20].

Cortisol deficiency is one of the important causes of hyponatremia, which has not been well 
investigated in SAH patients because routine examination of adrenocorticotropic hormone 
(ACTH)/cortisol dynamic is not part of SAH work up [19].

Klose et al. and Parenti et al. investigated pituitary function post‐SAH and found that between 
7.1 and 12% of patients are cortisol‐deficient at the time of presentation with SAH [20].

SIADH CSW

Plasma volume ↑ or ↔ ↓↓

Water balance ↑ or ↔ Negative

Signs and symptoms of dehydration Absent Present

Central venous pressure ↑ or ↔ ↓↓

Salt balance Variable Negative

Hematocrit ↔ ↑ or ↔

Serum osmolality ↓↓ ↓↓

Urine sodium ↑ ↑↑

Urine volume ↓or ↔ ↑↑

Plasma BUN/creatinine ↓↓ ↑ or ↔

Treatment Fluid restriction, hypertonic saline, 
furosemide, demeclocycline

Normal saline, hypertonic 
saline, fludrocortisone

Table 7. Difference between SIADH and CSW [21].
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9.2.2.3. Treatment of hyponatremia

Patients with SAH should be closely monitored in an intensive care unit, preferably neurointen‐
sive care for at least 2–3 weeks post‐SAH, to allow for close monitoring of signs and symptoms 
of delayed cerebral ischemia (DCI), cerebral vasospasm, as well as fluid and electrolyte balance 
on daily basis, which can help treating doctors in early detection and efficient management 
of hyponatremia. A daily follow‐up of electrolyte is ideal and should be routine. If patients 
require intravenous hypertonic saline, sodium level should be checked every 4 h.

Urgent investigations of sodium level are mandatory if there are changes in mental status, 
massive fluctuation of fluid balance, and/or polyuria.

Rapid correction of hyponatremia can cause central myelinolysis and should be avoided, 
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not practical to correctly and promptly get hormone levels, because their profile fluctuates 
frequently.

The expertise recommended that assessing bedside sodium and fluid balance is the best valu‐
able and economical technique for avoiding hyponatremia in patients with SAH [17].

Traditionally, patients with SAH are maintained on sodium chloride‐based fluids (i.e., 0.9% 
saline) for baseline and fluid replacement requirements, to avoid cerebral edema due to fluid 
shifts across a damaged blood‐brain barrier [19].

The recent guidelines of the Neurocritical Care Society for the management of patients with 
SAH suggested avoiding large amounts of free water intake and fluid restriction to treat 
hyponatremia [19].

In addition, the guidelines of the American Heart Association recommend that volume contrac‐
tion be replaced with isotonic fluids (Class IIa, Level B evidence) and that large volumes of hypo‐
tonic fluids should be avoided in patients with SAH. The guidelines, however, did not make 
recommendations on the composition of baseline fluid administration in SAH patients [17].

Recently, Lehmann et al. suggested balanced crystalloids and colloid solutions (those with 
electrolyte compositions similar to plasma) in SAH patients, which do not cause frequent 
hyponatremia or hypo‐osmolality, also prevent electrolyte imbalance such as hyperchlore‐
mia, hyper osmolality, and extreme positive fluid balances associated with saline‐based intra‐
venous fluids [19, 24].

Fluid restriction to less than 500 mL/day is the treatment of choice in SIADH, although such 
approach may not be feasible in SAH, because fluid restriction can cause cerebral vasospasm 
and subsequently cerebral infarction. What's more, most of these patients are not fully con‐
scious and require enteral feeding which results in a daily fluid intake of 1–2 L [19, 25].

Therapeutic options for water restriction include hypertonic saline solutions and albumin 
[19]. Hypertonic saline (2–3% solution) not only increases plasma sodium concentration effi‐
ciently and rapidly but also increases the risk of pulmonary edema and heart failure and 
neurological complications secondary to the increase in blood volume [19].

Fludrocortisone causes sodium retention, but it is associated with fluid overload and limited 
evidence of its effectiveness [19].

Vasopressin receptor antagonists such as conivaptan have been projected and trialed in small 
studies but have not become routine therapy, because harmful effect secondary to the rapid 
increase in plasma sodium (4–6 mEq/L) [19, 26].

Acute cortisol deficiency is typically corrected with administration of parenteral hydrocortisone, 
but the  beneficial effect of hydrocortisone is still uncertain and further studies are required, 
because it is not clear whether corticosteroid therapy is effective in management of acute relative 
adrenal insufficiency after SAH  [19, 27].

Overall, the management of hyponatremia in SAH patients necessitates additional investiga‐
tion of treatment options that avoid fluid restriction, and further studies will help standardize 
ideal care.
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9.2.3. Fever

Fever is one of the common medical complications of SAH and occurs in 70% of SAH patients. 
Fever may be due hypothalamic effect of the hemorrhage; it is associated with the severity 
of the injury, amount of hemorrhage, and development of vasospasm. Effective fever man‐
agement may improve functional outcome. Paracetamol is the treatment of choice for fever. 
Active cooling is very effective but adverse effects of shivering may offset its benefit [6, 17].

It is worth noting that the infectious cause such as pneumonia needs to be excluded [17].

9.2.4. Anemia

Anemia is very common and is associated with poor outcome, due to compromising brain 
oxygen delivery. Correction of anemia and high hemoglobin value improve outcome after 
SAH. Current guidance recommends to keep hemoglobin concentration between 8 and 
10 g/dL [17].

9.2.5. Thrombocytopenia and deep venous thrombosis (DVT)

Heparin‐induced thrombocytopenia (HIT) is directly associated with the number of angio‐
graphic procedures have been performed. Patients with heparin‐induced thrombocytopenia 
type II seems to be at high risk of thrombotic complications, vasospasm, and poor outcome.

Currently, it is uncertain whether there is practical means of avoiding HIT (as it is essential 
in angiographic procedures); however, it is vital to know this complication to avoid further 
heparin exposure and to use non‐heparin substitute under the supervision of a hematologist.

DVT is relatively recurrent event after SAH, especially in immobilized patients [3, 6].

Table 8 and Figure 4 summarize the incidence rate of non‐neurological complications.

Complications Incidence (%)

Fever 54

Anemia 36

Hyperglycemia 30

Hypertension 27

Hypernatremia 22

Pneumonia 20

Hypotension 18

Pulmonary edema 14

Hyponatremia 14

Life‐threatening arrhythmia 8

Myocardial ischemia 6

Table 8. Non‐neurological complications of subarachnoid hemorrhage [17].
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10. Surgical and endovascular methods for treatment of ruptured cerebral 
aneurysms

Ruptured aneurysms can be cured by microsurgical clipping or endovascular coiling.

Microsurgical clipping requires craniotomy to prevent re‐bleeding of the aneurysm via inser‐
tion of a clip through its neck, thus isolating the aneurysm from circulation. This technique 
conveys a 98% certainty of elimination of the risk of rupture [29].

Endovascular coiling is the  blocking of an aneurysm by an endovascular approach with electri‐
cally detachable platinum coils device which induces secondary thrombosis of the aneurysm [6]. 
The first published prospective randomized outcome study of surgical versus endovascular coiling,  
concluded that endovascular treatment results in clinical outcomes equal to that of surgical clipping.

Koivisto and co‐worker (2000) published first prospective randomized outcome study of 
surgical versus endovascular coiling, they concluded that endovascular treatment results in 
clinical outcomes equal to that of surgical clipping [30].

The International Subarachnoid Aneurysm Trial (ISAT) is the first multicenter prospective 
randomized trial comparing the two options; the included 2143 patients with ruptured intra‐
cranial aneurysms were randomly assigned to clipping (1070) or coiling (1073). Primary out‐
comes included death or dependent living, and secondary outcomes included risk of seizures 

Figure 4. Harmful effects of SAH on extracerebral organs [28].
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and risk of re‐bleeding. Initially, 1‐year outcomes concluded a fall in death and disability from 
31% in the clipping arm to 24% in the endovascular arm, this difference was mainly driven by 
a reduction in the rate of disability among survivors (16% in the endovascular arm and 22% 
in the clipping arm) [6, 29, 30].

The risk of epilepsy and significant cognitive decline was also reduced in the endovascular 
group, but the occurrence of late re‐bleeding was increased in endovascular group (2.9% after 
endovascular repair vs. 0.9% after open surgery) and only 58% of coiled aneurysms were 
completely obliterated compared with 81% of clipped aneurysms [6].

Although these results have affected the approach to patients with intracranial aneurysm in 
neurosurgical centers across the world, the study has been criticized due to the lack of gen‐
eralizability, for example, posterior circulation aneurysms, which account for 8% of patients 
admitted with subarachnoid hemorrhage and up to 48% of ruptured aneurysms managed by 
endovascular coiling at some centers, made up only 2.7% of the ISAT study population [30].

Tahir et al. [29] concluded no significant difference in the clinical outcome of coiling and clip‐
ping of ruptured intracranial aneurysms; however, clipping is more cost effective than coiling.

Clipping is recommended for middle cerebral artery aneurysms (difficult to treat with endo‐
vascular technique) and patients presenting with an intraparenchymal hematoma >50 mL (high 
occurrence of critical outcome). Endovascular coiling is the preferred technique for patients 
presenting with vasospasm, elderly, poor clinical grade, and posterior cerebral aneurysms [6].

11. Time of surgical intervention

The most important strategy to reduce the risk of aneurysm rupture is early aneurysm repair, 
although evidence for best time of intervention is limited, it is uncertain whether ultra‐ early 
treatment (before 24 h) is better than aneurysm repair within 72 h (early). Recently published 
data analysis suggested that the surgical intervention can be done safely within 72 h after 
SAH. The American Heart Association/American Stroke Association recommend that “surgi‐
cal clipping or endovascular coiling of the ruptured aneurysm should be performed as early 
as feasible in the majority of patients to reduce the rate of re‐bleeding after SAH” (Class 1B). 
This recommendation is supported by the European Stroke Organization Guidelines for the 
Management of Intracranial Aneurysms and Subarachnoid Haemorrhage, which indicated 
that “aneurysm should be treated as early as logistically and technically possible to reduce 
the risk of re‐bleeding; if possible it should be aimed to intervene at least within 72 hours after 
onset of first symptoms.” There is ongoing study that only recruiting SAH with poor grade 
may help answer the question of whether intervention within 72 h (early intervention) is asso‐
ciated with better outcome compared with intervention within 4–7 days [12].

12. Prognosis and outcome

In spite of improvement in interventional and medical treatment of SAH, rupture of an aneu‐
rysm is still associated with significant high mortality rates (about 33%) and sever disability 

Intensive Care96



and risk of re‐bleeding. Initially, 1‐year outcomes concluded a fall in death and disability from 
31% in the clipping arm to 24% in the endovascular arm, this difference was mainly driven by 
a reduction in the rate of disability among survivors (16% in the endovascular arm and 22% 
in the clipping arm) [6, 29, 30].

The risk of epilepsy and significant cognitive decline was also reduced in the endovascular 
group, but the occurrence of late re‐bleeding was increased in endovascular group (2.9% after 
endovascular repair vs. 0.9% after open surgery) and only 58% of coiled aneurysms were 
completely obliterated compared with 81% of clipped aneurysms [6].

Although these results have affected the approach to patients with intracranial aneurysm in 
neurosurgical centers across the world, the study has been criticized due to the lack of gen‐
eralizability, for example, posterior circulation aneurysms, which account for 8% of patients 
admitted with subarachnoid hemorrhage and up to 48% of ruptured aneurysms managed by 
endovascular coiling at some centers, made up only 2.7% of the ISAT study population [30].

Tahir et al. [29] concluded no significant difference in the clinical outcome of coiling and clip‐
ping of ruptured intracranial aneurysms; however, clipping is more cost effective than coiling.

Clipping is recommended for middle cerebral artery aneurysms (difficult to treat with endo‐
vascular technique) and patients presenting with an intraparenchymal hematoma >50 mL (high 
occurrence of critical outcome). Endovascular coiling is the preferred technique for patients 
presenting with vasospasm, elderly, poor clinical grade, and posterior cerebral aneurysms [6].

11. Time of surgical intervention

The most important strategy to reduce the risk of aneurysm rupture is early aneurysm repair, 
although evidence for best time of intervention is limited, it is uncertain whether ultra‐ early 
treatment (before 24 h) is better than aneurysm repair within 72 h (early). Recently published 
data analysis suggested that the surgical intervention can be done safely within 72 h after 
SAH. The American Heart Association/American Stroke Association recommend that “surgi‐
cal clipping or endovascular coiling of the ruptured aneurysm should be performed as early 
as feasible in the majority of patients to reduce the rate of re‐bleeding after SAH” (Class 1B). 
This recommendation is supported by the European Stroke Organization Guidelines for the 
Management of Intracranial Aneurysms and Subarachnoid Haemorrhage, which indicated 
that “aneurysm should be treated as early as logistically and technically possible to reduce 
the risk of re‐bleeding; if possible it should be aimed to intervene at least within 72 hours after 
onset of first symptoms.” There is ongoing study that only recruiting SAH with poor grade 
may help answer the question of whether intervention within 72 h (early intervention) is asso‐
ciated with better outcome compared with intervention within 4–7 days [12].

12. Prognosis and outcome

In spite of improvement in interventional and medical treatment of SAH, rupture of an aneu‐
rysm is still associated with significant high mortality rates (about 33%) and sever disability 

Intensive Care96

(17%). In last decades, mortality rates decreased by 17%, and the chance to recover to inde‐
pendent state has increased by 1.5% per year. Severity of initial bleeding plays a vital role in 
the determination of mortality rate and functional outcome [3].

Age is another important factor: mortality rate increased three times if the patient was older 
than 80 years. Aneurysm size, site, history of hypertension, high systolic pressure, history of 
alcohol consumption, cigarette smoking are all important factors associated with poor out‐
come regardless the severity of SAH [3].

Complications such as re‐bleeding, DCI, hydrocephalus, hyperglycemia, metabolic distur‐
bances, cardiopulmonary complications, prolonged bed rest are associated with increased 
probability of poor outcome.

Small studies suggest that increased catecholamine levels in cerebrospinal fluid (CSF) are 
associated with early mortality or disability. Serum S100 is another marker of poor outcome 
after SAH [3].

13. Conclusion

Aneurysmal SAH is a devastating neurovascular disease associated with very high mortality 
and morbidity despite improvement in interventional and medical treatment due to mul‐
tiple neurological and systemic complications, especially re‐bleeding and DCI secondary to 
vasospasm. Age, smoking, alcohol consumption, hypertension, site and size of aneurysm are 
important factors associated with poor outcome. SAH needs multidisciplinary specialized 
care, best provided in high‐volume centers to improve outcome.
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Abstract

Acute kidney injury (AKI) is defined as an abrupt decrease in glomerular filtration rate 
(GFR). Incidence varies from 20% to as high as 70% in critically ill patients. Classically, 
AKI has been divided into three broad pathophysiologic categories: prerenal AKI, intrin-
sic AKI, and postrenal (obstructive) AKI. The clinical manifestations of AKI vary among 
a wide range of symptoms and metabolic abnormalities. A sudden decrease in GFR will 
result in rising concentrations of solutes in the blood, which are normally excreted by 
the kidneys. Recently, new urinary and serum biomarkers have gained a place in the 
diagnosis, classification, and prognosis prediction of AKI. The best treatment for AKI 
is prevention. Patients with prerenal azotemia should have intravascular volume defi-
cits corrected and cardiac function optimized. Obstructive (postrenal) kidney disease is 
treated by mechanical relief of the block. The primary management of acute interstitial 
nephritis is discontinuation of the inciting agent. Renal replacement therapy (RRT) has 
emerged as a supportive mechanism rather than just as a lifesaving measure. Continuous 
techniques are preferable in treating critically ill patients, although every modality has its 
benefits, indications, and contraindications.

Keywords: acute kidney injury, acute renal failure, intensive care unit, glomerular 
filtration rate, renal replacement therapy

1. Introduction

Acute kidney injury (AKI) is now recognized as a major health problem that affects millions 
of patients worldwide and leads to decreased survival and increased risk of progression to 
chronic kidney disease (CKD). It is often diagnosed along with other acute illnesses and is 
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common in critically ill patients. AKI has also an important role since it is strongly associated 
with augmented costs of care, worse outcomes, and diminished quality of life after discharge. 
The impact and prognosis of AKI vary considerably depending on the severity, clinical set-
ting, comorbid factors, and geographical location [1].

AKI in the ICU is common, and it is increasing in incidence. Reported mortality in ICU 
patients with AKI varies between studies depending on AKI definition and the patient popu-
lation studied. In most studies, mortality increases proportionately with increasing severity 
of AKI. In patients with severe AKI requiring renal replacement therapy (RRT), mortality is 
approximately 50–70%. Although AKI requiring RRT in the ICU is a well-recognized inde-
pendent risk factor for in-hospital mortality, even small changes in serum creatinine (SCr) are 
associated with increased mortality.

The definition of AKI has many perceptions, the simplest way to describe it is as a sudden 
decrease in glomerular filtration rate (GFR) resulting in the retention of metabolic waste prod-
ucts and the dysregulation of fluid, electrolyte and acid-base homeostasis. AKI is a hetero-
geneous syndrome that includes hemodynamic disarrangements that disturb normal renal 
perfusion and decrease GFR without overt parenchymal injury; partial or complete obstruc-
tion to urine flow; and acute parenchymal injury resulting in glomerular, interstitial, tubular, 
or vascular dysfunction. The most common causes of AKI in critically ill patients include 
hemodynamically mediated prerenal dysfunction and acute tubular necrosis (ATN) due to 
ischemia-reperfusion injury, nephrotoxic exposure, or sepsis [2].

The cardinal manifestation of AKI is the retention of metabolic waste products, most com-
monly represented by creatinine and urea, and/or fluid accumulation. More than 35 clini-
cal definitions of AKI currently exist in the literature. The Acute Dialysis Quality Initiative 
convened in 2002 and proposed the RIFLE classification (risk, injury, failure, loss, end-stage 
kidney disease) specifically for AKI in critically ill patients. Using SCr and urine output, 
the RIFLE criteria define three grades of severity and two outcome classes. Later, the Acute 
Kidney Injury Network (AKIN) proposed another clinical and practical definition. Even 
small changes in serum creatinine concentrations are associated with a substantial increase 
in the risk of death. For this reason, in 2012, the Kidney Disease Improving Global Outcomes 
(KDIGO) classification defined AKI as a raise of serum creatinine of at least 0.3 mg/dl or as a 
urine output of less than 0.3 ml/kg/h for at least 6 h (Table 1) [3].

2. Epidemiology

The epidemiology of AKI varies depending on the type and characteristics of the population 
described. Using the current 0.3-mg/dl change in serum creatinine threshold, published data 
ranges the incidence of AKI in hospitalized patients from 3 to 50% and from 10 to 70% in 
the intensive care unit (ICU). A 2013 meta-analysis of AKI incidence per the kidney improv-
ing global outcomes staging system with a total number of patients included of 3,585,911, 
reported incidence in 23% overall hospitalized patients [4].

Intensive Care102



common in critically ill patients. AKI has also an important role since it is strongly associated 
with augmented costs of care, worse outcomes, and diminished quality of life after discharge. 
The impact and prognosis of AKI vary considerably depending on the severity, clinical set-
ting, comorbid factors, and geographical location [1].

AKI in the ICU is common, and it is increasing in incidence. Reported mortality in ICU 
patients with AKI varies between studies depending on AKI definition and the patient popu-
lation studied. In most studies, mortality increases proportionately with increasing severity 
of AKI. In patients with severe AKI requiring renal replacement therapy (RRT), mortality is 
approximately 50–70%. Although AKI requiring RRT in the ICU is a well-recognized inde-
pendent risk factor for in-hospital mortality, even small changes in serum creatinine (SCr) are 
associated with increased mortality.

The definition of AKI has many perceptions, the simplest way to describe it is as a sudden 
decrease in glomerular filtration rate (GFR) resulting in the retention of metabolic waste prod-
ucts and the dysregulation of fluid, electrolyte and acid-base homeostasis. AKI is a hetero-
geneous syndrome that includes hemodynamic disarrangements that disturb normal renal 
perfusion and decrease GFR without overt parenchymal injury; partial or complete obstruc-
tion to urine flow; and acute parenchymal injury resulting in glomerular, interstitial, tubular, 
or vascular dysfunction. The most common causes of AKI in critically ill patients include 
hemodynamically mediated prerenal dysfunction and acute tubular necrosis (ATN) due to 
ischemia-reperfusion injury, nephrotoxic exposure, or sepsis [2].

The cardinal manifestation of AKI is the retention of metabolic waste products, most com-
monly represented by creatinine and urea, and/or fluid accumulation. More than 35 clini-
cal definitions of AKI currently exist in the literature. The Acute Dialysis Quality Initiative 
convened in 2002 and proposed the RIFLE classification (risk, injury, failure, loss, end-stage 
kidney disease) specifically for AKI in critically ill patients. Using SCr and urine output, 
the RIFLE criteria define three grades of severity and two outcome classes. Later, the Acute 
Kidney Injury Network (AKIN) proposed another clinical and practical definition. Even 
small changes in serum creatinine concentrations are associated with a substantial increase 
in the risk of death. For this reason, in 2012, the Kidney Disease Improving Global Outcomes 
(KDIGO) classification defined AKI as a raise of serum creatinine of at least 0.3 mg/dl or as a 
urine output of less than 0.3 ml/kg/h for at least 6 h (Table 1) [3].

2. Epidemiology

The epidemiology of AKI varies depending on the type and characteristics of the population 
described. Using the current 0.3-mg/dl change in serum creatinine threshold, published data 
ranges the incidence of AKI in hospitalized patients from 3 to 50% and from 10 to 70% in 
the intensive care unit (ICU). A 2013 meta-analysis of AKI incidence per the kidney improv-
ing global outcomes staging system with a total number of patients included of 3,585,911, 
reported incidence in 23% overall hospitalized patients [4].

Intensive Care102

Among critically ill patients, numerous cohort studies have been issued to define the incidence 
of AKI in ICU. Final reports suggest that it goes as high as 70% in some populations. Patients 
with ICU-associated AKI are younger, more likely to be male and prone to have AKI associ-
ated with multisystem organ failure as opposed to isolated AKI. The most important recog-
nized risk factor for AKI in the ICU environment is sepsis. Other important risk factors include 
previous diagnosis of Diabetes, Hypertension or CKD, concomitant use of vasopressors and 
use of mechanical ventilation. Renal replacement therapy (RRT) rates and mortality associated 
to AKI are significantly higher among ICU population opposed to hospitalized patients [5].

Two distinct patterns of ICU-associated AKI have been described: community-acquired AKI, 
present at ICU admission, and hospital-acquired AKI. Patients with hospital-acquired AKI 
have more severe outcomes, showing higher in-hospital mortality rates, longer lengths of stay 
both in the ICU and hospital, and higher needs of RRT [6, 7].

3. Pathophysiology

AKI can be divided into three broad etiologic categories: prerenal AKI, intrinsic AKI, and 
postrenal (Figure 1). Prerenal refers to states of hypoperfusion of the kidneys without a 
parenchymal damage, this kind of AKI occurs often in ICU patients. Postrenal or obstruc-
tive AKI is characterized by acute block of the urinary tract. Regarding intrinsic dysfunction, 
acute damage to the renal parenchyma exists, as in acute tubular necrosis, acute interstitial 
nephritis and/or acute glomerular nephritis. The terms “prerenal,” “intrinsic,” and “postre-
nal” are used to group common pathophysiologic features and not diagnosis. It was a long-
held view that “prerenal AKI” or “transient” AKI were synonymous with “hypovolemic AKI” 
and “fluid responsiveness,” this is no longer the case and must not be used in this manner. 
Approach to the diagnosis and treatment is described below [8, 9].

Stage RIFLE AKIN KDIGO Urine output

RIFLE–Risk AKIN/
KDIGO Stage 1

Increase in serum 
creatinine × 1.5 
(within 7 days)

Increase in serum 
creatinine of 0.3 mg/
dl or > × 1.5 (within 
48 h)

Increase in serum 
creatinine of 0.3 mg/
dl (within 48 h) or × 
1.5 (within 7 days)

Urine output of  
< 0.5 mg/kg/h for 
> 6 h

RIFLE–Injury AKIN/
KDIGO Stage 2

Increase in serum 
creatinine × 2

Increase in serum 
creatinine × 2

Increase in serum 
creatinine × 2

Urine output of  
< 0.5 mg/kg/h for 
> 12 h

RIFLE–Failure AKIN/
KDIGO Stage 3

Increase in serum 
creatinine × 3 or 
above 4.0 mg/dl

Increase in serum 
creatinine × 3 or 
above 4.0 mg/dl

Increase in serum 
creatinine × 3 or 
above 4.0 mg/dl

Urine output of  
< 0.3 mg/kg/h for > 24 
h or anuria for > 12 h

RIFLE–Loss Need for RRT for >4 
weeks

RIFLE–End stage Need for RRT for >3 
months

Table 1. AKI definition by clinical parameters per RIFLE, AKIN, and KDIGO.
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3.1. Prerenal AKI

Prerenal AKI is the most common pathophysiologic cause of AKI, contributing to the devel-
opment 30–60% of all cases of AKI in ICU. Prerenal AKI develops when the capacity of the 
normal physiologic responses to hypovolemia is exceeded. This response initiates with a 
decrease in mean arterial pressure, triggering baroreceptors that lead the activation of the 
sympathetic nervous system, activation of the renin-angiotensin-aldosterone system (RAAS), 
and secretion of the antidiuretic hormone vasopressin. The activation of the renal sympa-
thetic nerves constricts the afferent (preglomerular) arterioles and stimulates release of renin 
from the juxtaglomerular apparatus. Renin secretion is also directly stimulated in response to 
hypovolemia by changes in intrarenal hemodynamic. Secretion of renin activates a cascade 
with the final production of angiotensin II. Angiotensin II stimulates both afferent and effer-
ent (postglomerular) arteriolar vasoconstriction; however, the effect on the afferent vessel is 
opposed by vasodilatory prostaglandins, kallikrein, kinins, and nitric oxide. The net effect 
is vasoconstriction of both afferent and efferent arterioles and decrease of GFR to maintain 
circulating volume at near normal levels by the production of concentrated urine with low 
sodium content (i.e., fractional excretion of sodium) [10–12].

In classic forms of prerenal AKI, reduced renal perfusion pressure (or increased renal venous 
pressure) and afferent arteriolar constriction combined lower the glomerular capillary hydro-
static pressure below the autoregulation capacity and consequently the net ultrafiltration 
pressure, hence diminishing GFR. Prerenal AKI may be caused by extracellular fluid volume 
loss or shifts, reduced cardiac output, systemic vasodilation, intrarenal vasoconstriction, or 
increased renal venous pressure.

Figure 1. Traditional etiologic categories for AKI.
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3.2. Renal AKI

Intrinsic AKI is commonly divided into tubular, interstitial, glomerular, and vascular pro-
cesses depending on the nephron region that is the most affected. The most common intrinsic 
cause of AKI is ATN, accounting for 85–90% of intrinsic ICU-associated AKI. The causes of 
ATN can be broken down into three major categories: ischemia-reperfusion injury, nephro-
toxic, and septic. Sepsis-associated ATN has unique features and may develop in the absence 
of overt renal ischemia [13].

3.2.1. Sepsis-associated ATN

Sepsis has long been recognized as a foremost precipitant of AKI and deserves a distinc-
tion. Sepsis-associated AKI (SA-AKI) portends a high burden of morbidity and mortality in 
both children and adults with critical illness. Observational data suggest that injury during 
SA-AKI occurs early of the critical illness and after ICU admission. In a large recent cohort, 
68% of 5443 patients with septic shock had evidence of AKI within 6 h after presentation. The 
development of AKI later during an episode of sepsis has been associated with worse clinical 
outcome and increased mortality rates (76.5 vs. 61.5% in early AKI) [14].

Sepsis-mediated hypo perfusion leading to tubular necrosis has been traditionally cited as the 
main pathophysiology for SA-AKI; however, mounting evidence has challenged this para-
digm. Numerous drivers for injury now are recognized as playing a role in SA-AKI, including 
ischemia-reperfusion injury, nephron inflammation, hypoxic and/or oxidant stress, cytokine 
and chemokine-driven direct tubular injury, and tubular and mesenchymal apoptosis. For 
instance, renal vein thermodilution measurement of RBF in eight septic critically ill patients 
did not show hypoperfusion to the glomerulus consistently. Tubular cellular injury contributes 
to the propagation of AKI during sepsis. Several causal mechanisms appear to be involved, but 
tubular necrosis, traditionally cited as the major cellular switch for injury, is not supported by 
the available experimental evidence. Renal tubular apoptosis in response to the stress of sys-
temic sepsis now is cited as a potential contributing mechanism of injury in SA-AKI [14–16].

Similarly, cellular hypoxia is a molecular driver of injury during SA-AKI. Tissue hypoxia 
in the kidney during sepsis may be defined by inflammation, changes in intrarenal nitric 
oxide, nitrosative stress or oxygen radical homeostasis, and dysregulation. Downregulation 
of mediators of oxidative phosphorylation occurs during sepsis and protection of mitochon-
drial respiration may mitigate renal injury during sepsis [14, 17, 18].

3.3. Postrenal AKI

AKI resulting from obstruction usually causes fewer than 5% of ICU-associated AKI. Obstruction 
above the level of the bladder is referred to as upper tract obstruction. The development of 
AKI from upper tract obstruction requires the presence of bilateral obstruction or unilateral 
obstruction in the setting of a single functioning kidney or dysfunction of the contralateral 
kidney.
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Patients with obstructive disease may present with anuria if obstruction is complete, with 
normal or increased urine volume in a partial obstruction, or with fluctuating urine output 
with periods of anuria alternating with rapid passage of urine as the pressure in the collecting 
system rises and overcomes the block. In the acute phase of obstruction, intratubular pressure 
rises over venous renal pressure replacing the latter in the net filtration pressure equation. 
When intratubular pressure reaches close to mean arterial pressure, net filtration pressure 
falls below the autoregulation range, sometimes almost to zero [19].

4. Clinical findings

The clinical manifestations of AKI vary from a wide range of signs and symptoms. The syn-
drome encompasses from laboratory abnormalities without symptoms to organ failure exhib-
iting fluid overload and severe electrolyte and/or acid-base disturbances [20].

A sudden decrease in GFR results in rising concentrations of waste products, commonly 
represented by urea end creatinine in the blood. The relationship between the GFR and the 
concentration of urea and creatinine in blood stream is nonlinear and may be affected by 
a variety of other factors. The level of blood urea nitrogen (BUN) generally correlates with 
the symptoms, with uremic manifestations usually absent until the BUN is above 100 mg/dl. 
Creatinine is derived from the nonenzymatic hydrolysis of creatine, which is usually released 
at a constant rate from skeletal muscle and is excreted primarily by filtration at the glomeru-
lus. There is essentially no tubular reabsorption of creatinine. That is why, in the absence of 
glomerular filtration, serum creatinine typically increases by 1–2 mg/dl/day. The role of cre-
atinine as a marker of renal function is limited by the fact that the serum concentration may 
take 24–36 h to rise after a renal insult. Additionally, ICU patients commonly accumulate fluid 
due to intravenous administration and concomitant AKI. Fluid overload decreases creatinine 
concentration since it dilutes the total amount of creatinine in the extracellular fluid. A true 
change in GFR may not be adequately reflected by serum creatinine in patients with sepsis, 
liver disease, fluid overload, and/or muscle wasting [20].

Urine output of less than 400–500 ml/day or a sustained urine output of less than 20 ml/h in a 
high-risk patient in the absence of volume depletion almost always indicates the presence of 
AKI. By KDIGO definition, a urine output of less than 0.5 ml/kg/h for 6 h indicates the occur-
rence of AKI [3].

4.1. Biomarkers

Cystatin C is a cysteine protease inhibitor that is released into the bloodstream at a constant 
rate from all nucleated cells. It is filtered at the glomerulus and reabsorbed and catabolized by 
renal proximal tubular epithelial cells such that virtually no cystatin C appears in the urine. 
The interindividual variability in cystatin C production appears to be less than that for creati-
nine. Cystatin C may be a more reliable marker of GFR [21].
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Several relatively new biomarkers of tubular injury have been proposed as novel diagnostic 
tests for the early diagnosis of AKI. These markers include kidney injury molecule-1 (KIM-1), 
neutrophil gelatinase-associated lipocalin (NGAL), interleukin 18 (IL-18), liver fatty acid bind-
ing protein (L-FABP), and α- and π-glutathione-S-transferase (GST), among others. They have 
been tested particularly amid cardiac surgery patients, with good predicting values. Even 
though these markers seem promising, these are not suitable for indiscriminate use in every 
ICU patient, and their exact specific role at the bedside remains uncertain [22, 23].

A novel test method measures two small tubular cell–derived molecules, Insulin-like Growth 
Factor Binding Protein 7 (IGFBP7) and Tissue Inhibitor of Metalloproteinase 2 (TIMP-2). 
IGFBP7 and TIMP-2 are markers of cell cycle arrest and possibly apoptosis, inflammation, and 
tubular cell repair. The above-stated conditions appear to be the most relevant in the devel-
opment of tubular cell injury, when the loss of cell polarity, brush border derangement, and 
cell sloughing might occur. Such injury may deflect the organism from normal repair toward 
maladaptive and lead to CKD, which further predisposes the individual to recurrent AKI [24].

According to recently published data, this test possesses the highest sensitivity for detecting 
AKI at an early stage. The Astute140™ meter is a device based on a fluorescence labeling tech-
nique, which detects fluorescent signals from the immunoassay and calculates concentrations 
of IGFBP7 and TIMP-2 from the inserted cartridge. The device converts the measured signals 
into a single number, defining the relative risk of the patient developing AKI. The result, 
known as the AKIRisk score, is obtained within 20 min [25].

5. Approach

The first step in evaluating a patient with AKI in the ICU is to determine whether kidney hypo 
perfusion plays a role in the current state. Physical examination should focus on assessing for 
evidence of volume depletion, such as dry mucous membranes, decreased skin turgor, and 
absence of sweat in the axilla and inguinal regions. If necessary, a more complete assessment 
should be done before or at the ICU. Advance hemodynamic monitoring is reasonable in 
high-risk patients, particularly using dynamic measurements of cardiac function, or even a 
complete ultrasound and echocardiographic evaluation at the bedside [26].

Placement of a bladder catheter should be performed to exclude urethra obstruction as a 
cause of AKI, but primarily, to initiate real-time urinary flow monitoring. Urinary output 
express information of whether our actions and treatment result in the patients’ improve-
ment. Urinary sediment should be examined under the microscope to discard other causes of 
AKI, especially intrinsic causes. In the presence of proteinuria, a urinary sediment contain-
ing abundant cells or casts suggests an intrinsic cause of AKI rather than hypoperfusion as 
the primary mechanism. Precisely, the presence of renal tubular epithelial cells, epithelial 
cell casts, or pigmented (muddy brown) granular casts suggests the diagnosis of ATN and 
is associated with the increased risk for bad outcomes. A normal urine sediment suggests 
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the presence of either a prerenal or postrenal pathophysiology of AKI, although obstructive 
uropathy may be associated with haematuria, pyuria, or crystalluria. The electrolyte compo-
sition of the urine may be helpful in differentiating between prerenal and ATN (i.e., fractional 
excretion of sodium), but not to guide the treatment [27, 28].

Imaging of the kidneys and bladder is required for the diagnosis of obstructive kidney disease 
and might provide information about the prehospital kidney function. Enlarged kidneys in 
a diabetic patient suggest that a previous damage was present, and GFR was diminished at 
baseline. This is especially helpful in a community-acquired AKI patient in whose previous 
renal function is unknown.

5.1. Clinical vs. subclinical AKI

The pitfalls of currently recommended diagnosis of AKI (i.e. creatinine and urinary flow) 
and the discovery of the above-mentioned new biomarkers have created new insights in AKI 
approach. The alteration of tubular and cellular arrest biomarkers, without creatinine eleva-
tion or a diminish of urinary flow, has led to the theory that at least some of the nephrons in 
the kidneys have suffered damage despite lack of azotemia (i.e. subclinical AKI). New clas-
sification for AKI has been proposed based on this. This new classification encompasses both 
clinical (i.e., with elevation in creatinine) and subclinical (i.e., alteration in biomarkers without 
creatinine elevation) AKI (Figure 2) [3, 23].

6. Treatment

The best treatment for AKI is acknowledging the existing risk factors and prevention. Diminish 
the time of hypo perfusion in every patient with AKI by a rapid recognition of cardiac output 
deficits, keeping an adequate intravascular effective volume and avoid nephrotoxic are key-
stones of prevention.

There is no specific management that accommodates the clear majority of patients with estab-
lished AKI. Patients with prerenal AKI, as mentioned, should have intravascular volume 
deficits corrected and cardiac function optimized. Obstructive (postrenal) kidney disease is 
treated by mechanical relief of the obstruction. The primary management of acute interstitial 

Figure 2. Clinical vs. subclinical AKI.
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nephritis is discontinuation of the inciting agent; in patients with persistent AKI, there may be 
a role for treatment with glucocorticoids.

Once volume status and cardiac output have been optimized, if the patient remains oli-
guric, the use of a unique trial of diuretics to establish urine output can be considered. 
Although nonoliguric forms of ATN are associated with significantly lower risk of morbid-
ity and mortality than oliguric forms, the primary rationale for a trial of diuretic therapy is 
to facilitate volume management not to improve AKI. None of the most common diuretics 
used in ICU worldwide increase the GFR. Positive fluid balance after development of AKI is 
associated with increased mortality rate, and avoiding fluid accumulation has a protective 
effect over mortality. The use of renal vasodilators, including dopamine, fenoldopam, and 
atrial natriuretic peptide, has not been shown to be beneficial in AKI, and its use should be 
discouraged [3].

AKI is associated with the development of sometimes serious electrolyte and acid-base dis-
turbances, including hyperkalemia, hyponatremia, hyperphosphatemia, hypo- and (less 
commonly) hypercalcemia, hypermagnesemia, hyperuricemia, and metabolic acidosis. In 
addition, AKI is associated with anemia, bleeding diatheses, increased risk of infections, and 
dysfunction of other organ systems, including cardiovascular dysfunction, respiratory fail-
ure, gastrointestinal complications, and neurologic disturbances. These complications should 
be in mind of the treating physician in the ICU at every time [29, 30].

6.1. Renal replacement therapy

In patients with severe AKI, RRT is the cornerstone of supportive management. One objec-
tive of RRT includes allowing the removal of fluid and solutes that accumulate during renal 
failure. The available modalities of RRT comprise intermittent hemodialysis (IHD), the vari-
ous forms of continuous renal replacement therapy (CRRT), and the hybrid modalities of 
prolonged intermittent RRT (PIRRT; also, extended duration dialysis [EDD] or sustained low-
efficiency dialysis [SLED]) [31, 32].

Solute removal during RRT may occur by diffusion down a concentration gradient from the 
blood across a semipermeable membrane into dialysate or by convective transport of solute 
across the membrane during filtration. Fluid removal occurs by filtration, driven by either a 
hydrostatic or osmotic pressure gradient across the semipermeable membrane. In conven-
tional IHD, the patient’s blood passes through a semipermeable hemodialyzer counter current 
to the flow of dialysate on the other side of the membrane. The dialysis solution has a composi-
tion that approximates the normal electrolyte conformation of extracellular fluids and creates 
equilibrium to the blood, normalizing solutes. CRRT utilizes either diffusive hemodialysis, 
convective hemofiltration, or a combination of both. In addition to the duration of therapy, 
the major difference between intermittent and continuous hemodialysis is the dialysate flow 
rate. In intermittent hemodialysis, dialysate flow rates (typically 500–800 ml/min) are equal to 
or greater than blood flow rates, allowing rapid solute clearance. In continuous hemodialysis, 
the dialysate flow rate (typically 15–30 ml/min) is slow compared to that of the blood, permit-
ting virtual equilibration of low-molecular-weight solutes such as urea between the blood and 
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dialysate. Thus, solute clearance for low-molecular-weight solutes approximates the dialysate 
flow rate. Nonetheless, the total daily or weekly clearance is greater with continuous treat-
ment, due to the extended time of therapy.

In continuous hemofiltration, a high filtration rate is generated, and physiologic replacement 
fluid is administered at an equal rate. Negative fluid balance (ultrafiltration) is accomplished 
by administering less milliliter per hour (usually 50–400 ml/h). Solute removal occurs exclu-
sively by convection, and clearance is approximately equal to the ultrafiltration rate. The 
convective transport is limited primarily by the pore size of the membrane, so hemofiltra-
tion provides more efficient clearance of higher molecular weight (>500–15,000 KDa) solutes. 
Although it has been proposed that removal of higher molecular weight solutes with hemofil-
tration as compared to hemodialysis would be of clinical benefit, this has not been borne out 
in clinical trials. Because of their prolonged duration, the net ultrafiltration rate required to 
attain the same daily fluid removal is lower with CRRT than with IHD. Thus, CRRT is gener-
ally considered to cause less hemodynamic instability than conventional IHD [33].

Finally, PIRRT is a modification of conventional IHD, utilizing lower blood and dialysate flow 
rates while prolonging the treatment duration to 8–16 h.

There has been considerable debate regarding which modality is most appropriate for use in 
critically ill patients with AKI. Current data suggest that no individual modality of RRT pro-
vides either better patient survival or recovery of kidney function. These modalities should 
be complementary and must not be considered as mutually exclusive. According to the 
KDIGO guidelines, CRRT must be considered the first-line treatment in hemodynamically 
unstable patients and those with neurological illness whom require RRT and might be prone 
to develop cerebral edema [3].

Conventional indications for initiation of RRT include volume overload unresponsive to 
diuretic therapy, electrolyte and acid-base disturbances refractory to medical management, 
severe hyperkalemia, metabolic acidosis, overt uremia, characterized pericarditis, or encepha-
lopathy. Most of the AKI patients in the ICU do not spent enough time in the hospital to 
express most of these indications. Initiating RRT in a patient with some of the conventional 
indications is unquestionable, although the use in other cases when the alterations do not 
endanger life immediately is uncertain. Studies have shown conflictive results when compar-
ing the so-called early and late initiation strategies, with no clear benefit from one over the 
other. Even, there is no definition of either of them. Benefits of connecting a specific patient 
should be opposed to the risks of the same action, and each case should be individualized. 
Keep in mind, the potential harms of connecting too early include unnecessary exposure to 
the risks related to the catheter insertion, diminishing intravascular effective volume (espe-
cially in IHD), and resources utilization that increase costs. The unwanted adverse effect of 
taking too long in initiating might be death [34].

7. Outcomes

The mortality rate increases with AKI, independently associated to the underlying disease and 
baseline characteristics. Much higher mortality rates are associated with intrinsic forms of AKI over 
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prerenal or postrenal disease. In severe septic-related AKI, short-term mortality rates approach 
50–70% and have changed little over the past three decades. Factors associated to increased mor-
tality risk include sepsis, male gender, advanced age, the use of RRT, degree of creatinine increase 
and coexistent nonrenal organ failure. For those patients who survive, AKI is associated with 
prolonged length of hospitalization and substantial health resource utilization [35].

More than half of patients who recover their renal function can be demonstrated to have 
subclinical kidney disease including modest decrements in GFR, diminished renal functional 
reserve, defects in tubular function and urinary concentration, and tubule-interstitial scarring 
on kidney biopsy [36].

8. Conclusions

AKI in hospitalized patients is a contributing factor for poor prognosis and outcomes. In criti-
cally ill patients, AKI etiologies differ, but the core one is the occurrence of renal hypo perfu-
sion during shock states. Therefore, the best treatment of AKI is prevention. Additionally, 
hemodynamic optimization and diminishing offending factors are also crucial. Several 
modalities for RRT are available, and they should be considered complimentary. The ideal 
initiation timing depends on every patient’s needs and benefits should be opposed to risk 
continuously during each patient’s evolution.
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Abstract

Brain death (BD) is a distinct mode of death in pediatric intensive care units, accounting 
for 16–23% of deaths. Coma, absent brainstem reflexes, and apnea in a patient with acute 
irreversible neurological insult should alarm the attending physician to start the appro‐
priate actions to establish or refute the diagnosis for BD. BD diagnosis is clinical, starting 
with the preconditions that should be met, and based on the examination of all brain‐
stem reflexes, including the apnea test. Apnea testing should be conducted according to 
standard criteria to demonstrate the absence of spontaneous respirations, in the case of 
an intense ventilatory stimulus, setting at increased PaCO2 levels ≥60 and ≥20 mm Hg, 
compared to baseline. When elements of clinical examination and/or apnea test cannot 
be performed, ancillary studies to demonstrate the presence/absence of electrocerebral 
silence and/or cerebral blood flow are guaranteed. Two clinical examinations by qualified 
physicians at set intervals are required. Time of death is the time of second examination 
and ventilator support should stop at that time, except for organ donation. The use of 
check list in documentation of BD helps in the uniformity of diagnosis and fosters further 
trust from medical, family, and community personnel.

Keywords: brain death, pediatric intensive care unit, apnea testing, brainstem reflexes, 
coma

1. Introduction

The evolution of intensive care has led to circumstances that a human being could be 
artificially maintained in life through technological advancements even in the presence of 
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an irreversible neurological damage. Brain death (BD) in most instances occurs when an 
acute insult to the brain causes a neuropathologic viscious cycle of brain edema, increases 
intracranial pressure (ICP), and decreases cerebral blood flow that compromise blood 
supply to the brain and results in ischemia, a situation which resembles to “total brain 
infarction” according to Swedish Committee on defining death [1]. Severe traumatic head 
injury, infections, tumors, cerebral vascular accidents, or acute global anoxic/ischemic 
injury following severe respiratory failure, shock, or cardiac arrest are the main causes of 
BD in children [2]. Rarely, acute toxic neuronal injury as happened in fulminant hepatic 
failure or other metabolic diseases are the reasons, or cellular dysoxia, which prevents 
extraction or utilization of oxygen, as is the case in cyanide poisoning.

Brain death is a distinct mode of death both in adult and pediatric population; it is estimated 
that BD accounts for approximately 16–23% of deaths in the pediatric intensive care unit (PICU), 
while the corresponding values for adults are quite similar and depending on the nature of 
the unit, rising from 15% in multidisciplinary units up to 30% in neurocritical units [3–6]. Most 
research about BD involves adults; however, not all principles regarding BD could be transferred 
to children. The pediatric brain is immature; the development, plasticity, and maturation of cen‐
tral nervous system (CNS) ends by the 2 years of age according to the majority οf  researchers, 
while others believe to continue beyond the first decade of life [7]. Moreover, resilience to cer‐
tain forms of injury could be found, due to the open fontanelles in infancy and the presence of 
certain forms of diseases that result in hydranencephalia and cerebral atrophy, and/or wide 
craniectomy, that could hasten the progress of intracranial hypertension. The above should be 
considered when interpreting diagnosis and confirming BD in infants and children [8].

The first effort to define BD as a new criterion for death was made in 1968 by a consensus report 
of the Ad Hoc Committee of the Harvard Medical School, without specific recommendations 
with respect to age [9]. Irreversible coma was defined as unresponsiveness to external stimuli, 
absent movements or breathing, absent reflexes, and a flat electroencephalograph (EEG).Later 
on, in 1975, on a review of the Harvard criteria by the American Academy of Neurology (AAN), 
they question the applicability of the consensus criteria to children stating that the above cri‐
teria may be inapplicable for children under 5 years of age since there are indications that the 
immature nervous system can survive significant periods of electrocerebral silence. In an effort 
to set a standard national definition on BD, in 1981, in the USA, the Uniform Determination of 
Death Act was adopted as part of the President’s Commission [10]. Death was determined in 
accordance with accepted medical standards either as an irreversible cessation of circulatory 
and respiratory functions of a person, or irreversible cessation of all functions of the entire 
brain, including the brain stem. Age‐specific guidelines were again not provided and medical 
standards were not described, and the commission recommended caution in applying neuro‐
logical criteria to determine death in children younger than 5 years.

In 1995, the Quality Standards Subcommittee of the AAN published the practice parameters 
for determining brain death in adults to delineate the medical standards for the determination 
of BD in patients older than 18 years. The document emphasized the three cardinal clinical 
findings necessary to confirm irreversible cessation of all functions of the entire brain, includ‐
ing the brainstem: coma or unresponsiveness (with known cause), absence of brainstem reflexes, 
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absent movements or breathing, absent reflexes, and a flat electroencephalograph (EEG).Later 
on, in 1975, on a review of the Harvard criteria by the American Academy of Neurology (AAN), 
they question the applicability of the consensus criteria to children stating that the above cri‐
teria may be inapplicable for children under 5 years of age since there are indications that the 
immature nervous system can survive significant periods of electrocerebral silence. In an effort 
to set a standard national definition on BD, in 1981, in the USA, the Uniform Determination of 
Death Act was adopted as part of the President’s Commission [10]. Death was determined in 
accordance with accepted medical standards either as an irreversible cessation of circulatory 
and respiratory functions of a person, or irreversible cessation of all functions of the entire 
brain, including the brain stem. Age‐specific guidelines were again not provided and medical 
standards were not described, and the commission recommended caution in applying neuro‐
logical criteria to determine death in children younger than 5 years.

In 1995, the Quality Standards Subcommittee of the AAN published the practice parameters 
for determining brain death in adults to delineate the medical standards for the determination 
of BD in patients older than 18 years. The document emphasized the three cardinal clinical 
findings necessary to confirm irreversible cessation of all functions of the entire brain, includ‐
ing the brainstem: coma or unresponsiveness (with known cause), absence of brainstem reflexes, 
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and apnea. Future research in apnea testing, and the need for validation of confirmatory tests 
was recommended [11]. However, despite the published parameters, considerable practice 
variations were recorded, which led to the 2010 update that sought to use evidence‐based 
methods to answer questions historically related to variations in BD determination, to pro‐
mote uniformity in diagnosis [12].

The irreversible cessations of all functions of brain, including the brainstem, are not uni‐
versally accepted; the definition of BD in each nation depends on jurisdiction. In the USA, 
Australia, and New Zealand for example, a whole brain death definition is accepted. On 
the contrary, in the UK, India, and Canada a brainstem‐based definition of death is in place 
and the term “death by neurological criteria” (DNC) is adopted [13–16]. In the UK, the most 
recent definition for DNC was published in 2008 by the Academy of Medical Royal Colleges 
(AoMRC) in the code of practice for the diagnosis and confirmation of death. Consciousness 
and breathing capacity were recognized as essential characteristics of life and the irrevers‐
ible loss of them were regarded equal to death [13]. The applicability of the criteria in infants 
younger than 2 months were questioned, in agreement with a report presented by the British 
Paediatric Association (BPA) in 1991, which stated also that the criteria of DNC cannot be 
applied in infants younger than 37 weeks of gestation [17]. Caution was relieved by the guide‐
lines issued in 2015 by the Royal College of Paediatrics and Child Health (RCCHD) consider‐
ing the diagnosis of DNC in infants from 37 weeks corrected gestation (postmenstrual) to 2 
months (postterm) of age. RCCHD stated that the 2008 criteria of death could be applied to 
this population with precautionary measures regarding the apnea test due to immaturity of 
the newborn infant’s respiratory system [18].

The first specific pediatric guidelines on BD were issued in 1987 by the American Academy of 
Pediatrics (AAP) to solve questions and give answers for this special topic. These guidelines 
were a consensus opinion regarding necessary clinical history, physical examination criteria, 
observation periods, and ancillary laboratory tests required to determine brain death in chil‐
dren[19]. An update followed in 2011, with emphasis given to two different age populations: 
the one from newborn 37 weeks gestation to 30 days of life and the other from 31 days of life 
to 18 years [20]. These guidelines could serve as a basis for the development of national guide‐
lines at each nation, taking into account legal, cultural, and religious differences, and will be 
analyzed in this chapter, enriched by the experience of a single centre and the discussion of 
relevant references.

BD in most occasions is intertwined to organ harvesting and transplantation, and much 
research in the field has been done through national organ procurement databases [21, 22]. 
Nevertheless, the declaration of BD should be done by the patient physicians only, according to 
local national and institutional guidelines, irrespective from the transplantation team [23, 24]. 
The priority of the medical system is to save lives rather than to obtain organs and the public 
must feel confident that they would become organ donors only after all reasonable attempts 
to save their lives have failed. Maintenance of public trust is essential for the functioning of 
organ transplantation systems around the world [24]. BD is still a controversial issue for some 
physicians, and civilians as well, who deny the conceptual basis for equating an irreversibly 
nonfunctioning brain with a dead human being [25]. Though, the ethical, psychosocial, and 
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philosophical approach of BD is beyond the scope of this chapter which will concentrate on the 
biological and clinical approach only of pediatric patients dying from BD.

2. Dying from BD in the PICU

Regardless some terminology differences between the most widely USA definition of BD as 
the death of the whole brain, and the UK definition of death by DNC as the death of the brain‐
stem, the concept that is universally accepted is that the patient dying from BD suffered an acute 
irreversible CNS insult that resulted to coma, absent brainstem reflexes, and apnea [7]. Although 
cases of confirmation of BD in children have been described outside the PICU, the proper 
place where the patients should be treated and diagnosis takes place is the PICU [22–24]. 
Frequently, the first indication by the bedside nurse is the lack of spontaneous awakening 
periods, the absence of cough during suctioning, and the fixed dilated pupils, which should 
alarm the attending physician that the patient deteriorates, and may be is going to BD. All 
sedative medications, including antiepileptic drugs and neuromuscular blocking agents, 
should stop at that time, the patient should continue to receive the maximum supportive 
intensive care treatment to preserve homeostasis, and the preparations should begin to estab‐
lish or refute the diagnosis of BD. The diagnosis of BD is confirmed by clinical examination 
criteria only, based on the absence of neurologic function with a known irreversible cause of 
coma. Ancillary studies are not required except in cases where the clinical examination and 
apnea test cannot be completed [13, 14, 20].

3. Management of critically ill children dying from BD

For the better understanding of the evolution to BD in children, we will present the sequence 
of the events that happen in pediatric patients treated in a PICU after a severe neurological 
insult, step by step, in a timely manner. Our data were obtained from a retrospective study 
regarding all deaths that occurred between January 2011 and April 2016, in a multidisci‐
plinary eight‐bed PICU of Northern Greece. Among 275 deaths, 44 (16%) were defined as BD. 
The incidence was higher in boys (28/44 patients, 63.6%). Mean age was 68.75 ± 44.04 months 
(range 2 months to 13 years) and mean severity of illness as estimated with the pediatric risk 
of mortality (PRISM III‐24 h) score at admission was 21.67 ± 9.98. Head injury was the most 
frequent cause of BD (29.41%) followed by CNS infection (23.52%), hypoxic/ischemic insults 
(23.52%), CNS tumors (11.76%), and intracranial bleeding (11.76%).

The management of the patients was done under the relevant for the diagnosis international 
protocols, under sedation, mechanical ventilation, chemoprophylaxis, gastric ulcer prophy‐
laxis, and artificial nutrition. At admission, 88.6% of patients were already on mechanical 
ventilation and almost half of them (52.3%) were in shock. Central venous catheters and arte‐
rial lines were inserted in all patients. Nine patients (20.5%) had intracranial pressure (ICP) 
 monitoring. Almost all received osmotherapy with either NaCl 3% (37 patients, 84.1%) and/
or mannitol 20% (36 patients, 81.8%). Sedation was achieved with midazolam at mean max 
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dose of 0.93 ± 0.56 mg/kg/h and remifantanil at max dose of 0.09 ± 0.05 mcg/kg/min. Cis‐attra‐
curium was administered for neuromuscular blocking at a bolus dose of 0.2 mg/kg, as needed 
before interventions, e.g., suctioning to avoid inadvertent increase in ICP. Sodium thiopental 
at a max dose of 5 mg/kg/h was administered in 18 patients (40.9%) and four patients (9.1%) 
were treated with craniectomy, as a third tier therapy to refractory intracranial hypertention 
[26]. Diabetes insipidus was recorded in 33 patients (75%), and high sugar levels needed insu‐
lin therapy in 19 patients (43.2%). The higher serum Na and sugar levels that were recorded 
were 165 ± 15.39 mmol/l and 281 ± 159.07 mg/dl, respectively. During their stay, the majority 
of the patients (79.5%) needed inotropic and/or vasopressor support to preserve an acceptable 
hemodynamic status.

The clinical suspicion on BD was set on 3.59 ± 5.46 day through dilated unreacted pupils. 
Mean pupil size at admission was 4.07 ± 2.06 mm which was increased to the final size of 
6.28 ± 1.13 mm. Following that all the prerequisites of BD were fulfilled, two clinical examina‐
tions were performed by a panel of three doctors registered for at least 2 years; one anesthetist, 
one neurologist or neurosurgeon, and the attending physician (pediatrician or pediatric sur‐
geon), according to the Greek law. Mean sedation time was 4.02 ± 3.03 days. The first tests were 
done in 9.88 ± 6.50 days after admission and the second in 11.28 ± 6.53 days. Mean time between 
tests was 27.54 ± 11.80 h. Apnea testing was prepared according to national BD protocol, with 
preoxygenation with 100% oxygen for at least 10 min, and baseline mechanical ventilation 
aimed at 40 mmHg of PaCO2 [11]. Oxygenation during apnea was done through a catheter tai‐
lored to endotracheal tube (ETT) size (size in CH doubled the ID size of ETT in mm), inserted 
in the endotracheal tube at a length corresponded to tracheal carina, with a flow of 1 l/min/age 
in years, initially, according to acute pediatric life support (APLS) recommendation for apneic 
oxygenation [27]. If oxygenation was inadequate, a gradually increase in O2 flow in increments 
of 1 l/min up to max 12 l/min was performed [12]. For this purpose, we used a simple suction 
catheter of appropriate size as described above, with the valve occluded, and connected to an 
oxygen flow source, preferably a low pressure one (capable of giving oxygen at driving pres‐
sure of 1–2 bar). In the case of acute respiratory distress syndrome (ARDS), hypoxia, and need 
for high positive end expiratory pressure (PEEP), apnea testing was performed on continuous 
positive airway pressure (CPAP) modality. Duration of apnea was 10 min if feasible, or earlier 
if signs of hypoxia and/or hypotension appeared. Apnea testing was considered positive for 
BD if no spontaneous respiration occurred when the PaCO2level was >60 and >20 mmHg com‐
pared to baseline, in accordance with international guidelines [11, 12, 14].

A total of 88 apnea tests were recorded. Incomplete data concerning the way of oxygenation 
during the apnea test were revealed in 50% of the tests, probably due to the retrospective data 
analysis and incomplete recordings. Thirty‐six patients (81.81%) completed the test successfully. 
Eleven apnea tests (12.5%) were aborted, mainly due to hypoxia (8/11, 72.72%) and to a lesser 
degree due to shock (3/11, 27.27%). In detail, four patients did not manage to complete the 
first apnea test (three hypoxia, one shock), while seven patients aborted the second test (five 
hypoxia, two shock). The data of apnea testing are presented in Table 1. Ancillary study with 
magnetic resonance angiography (MRA) was carried out in eight patients (18.18%). Patients 
died 54.58 ± 59.64 h after the completion of the second apnea test. Three families (6.81%) gave 
consent for organ donation.
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4. Guidelines for the determination of BD in infants and children

4.1. Definition of BD

In 2011, a multidisciplinary committee was formed by the Society of Critical Care Medicine 
(SCCM) and the AAP to update the 1987 Task Force Recommendations for the diagnosis of 
pediatric BD [12, 14, 20]. According to guidelines, BD is a clinical diagnosis based on the absence of 
neurologic function with a known diagnosis that has resulted in irreversible coma. Coma and apnea 
must coexist to diagnose DB. A complete neurologic examination is mandatory to determine 
BD with all components appropriately documented. An algorithm for the diagnosis of BD in 
children adapted from Ref. [20] is provided in Appendix 1.

4.2. Age definition

Two age definitions were set with an impact on the timing of first exam and the observation 
period between tests.

• Newborns 37 weeks gestation to 30 days of life.

• Infants 31 days of life to 18 years.

Because of insufficient data in the literature, recommendations for preterm infants less than 
37 weeks gestational age were not included in this guideline.

Mechanical ventilation mode FiO2% pH PaO2 (mmHg) PaCO2 (mmHg)

Baseline IPPV (68.4%) 50.8 ± 20.6 7.44 ± 0.062 133.88 ± 33.90 33.36 ± 4.60

PRVC (22.5%)

SIMV‐PS (9.1%)

A. prep. 100 7.33 ± 0.084 382 ± 97.59 45.46 ± 4.18

A. Apnea test CPAP (20.4%) 100 7.10 ± 0.063 235 ± 107.18 84.15 ± 10.53

Tracheal O2 (29.6%)

NA (50%)

B. Prep. 100 7.33 ± 0.073 354 ± 127 45.21 ± 5.20

B. Apnea test CPAP (22.7%) 100 7.11 ± 0.063 223 ± 129.72 84.79 ± 13.99

Tracheal O2 (25%)

NA (52.3%)

IPPV, intermittent postitive pressure ventilation; PRVC, pressure regulated volume control; SIMV‐PS, synchronized 
intermittend mandatory ventilation‐pressure support; CPAP, continuous positive airway pressure; Tracheal O2, tracheal 
insufflation of oxygen at age‐related flows of 1 l/min/age (max 12 l/min); NA, not applicable (lack of data).

Table 1. Data of apnea testing (n = 77) in pediatric BD patients (n = 44).
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4.3. Timing of first exam

• Twenty‐four hours for patients aged from 37 weeks gestation to 30 days of life. Time is 
counted after birth, cardiac arrest with successful resuscitation or other severe neurological 
insult.

• Twelve hours for patients aged 31 days of life to 18 years. Time is counted after cardiac ar‐
rest with successful resuscitation or other severe neurological insult.

It is reasonable to defer neurologic examination to determine brain death for longer than 24 
h, if dictated by clinical judgment of the treating physician. Neonates who probably suffered 
from hypoxic/ischemic insult during the neonatal period and had been put in therapeutic 
hypothermia deserve a longer observation time before the first examination. Hypothermia 
not only could interfere with brainstem reflexes interpretation but hastens drug metabolism 
as well. In addition, the first examination should be postponed beyond 24 h if residual drug 
effect is suspected. In general, the first examination cannot be performed unless all the pre‐
conditions of diagnosing BD are met.

4.4. Irreversible and identifiable cause of coma

A known and irreversible cause of coma should be established before the diagnosis of BD. 
In most instances, the evolution of a brain damage to BD is depicted with computed tomog‐
raphy (CT) or magnetic resonance imaging (MRI). Sometimes, neuroimaging if performed 
early enough in the course of the disease is without significant findings. Serial examinations 
in such occasions are helpful. CT and MRI are introductory studies and should not be relied 
on to make the determination of brain death. Additional data such as results from cerebrospi‐
nal fluid (CSF) analysis and/or other microbiological data are supportive [12]. In 2011 AAP 
guidelines, three major causes of coma were recognized: traumatic brain injury, anoxic brain 
injury, and known metabolic disorder. In cases that the cause of coma is not identifiable, the 
physician should specify the cause of coma as “Other.” It is advisable to keep these major 
causes when recording BD, which will enable international comparisons, if needed.

4.5. Preconditions

The interpretation and validity of the clinical neurological examination and the apnea testing 
should not leave any space for concern. All the potentially influencing factors must be cor‐
rected in advance and the subsequent undeniable preconditions must be met:

• Cardiovascular stability. Mean or arterial systolic pressure should be normal for age (no 
less than two standard deviations from the mean age responding values). Inotropic and 
vasomotor support may be necessary for the treatment of shock. Direct arterial pressure 
measurement is strongly recommended, not only for the monitoring but for blood gases 
analysis and PaCO2 evaluation as well, which is an integral part of the apnea testing 
that follow.
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• Normothermia. Therapeutic hypothermia is increasingly used as an adjunctive therapy of 
the insulted brain and the physician should be aware of the potential hypothermia impact 
on the diagnosis of brain death. Hypothermia is a depressant to central nervous system 
activity and may lead to a false diagnosis of brain death. Metabolism and clearance of 
medications are retarded, which can interfere with brain death examination. Achieving 
normothermia with a core body temperature of 35°C (95°F) before the first exam and main‐
taining it throughout the observation period is essential.

• Hοmeostasis. The most common metabolic disturbance during BD is hypernatremia due to 
diabetes insipidus that should be corrected with the administration of antidiouretic hor‐
mone or desmopressin. Hyperglygemia is common too, and close monitoring of glucose 
levels and treatment with insulin when necessary is indicated. Hyponatremia, hypogly‐
cemia, hypothyroidism, severe pH disturbances, severe hepatic or renal dysfunction or 
inborn errors of metabolism may also occur and cause a potentially reversible coma in pe‐
diatric patients. All the above should be excluded before moving on diagnostic tests for BD. 
A high index of clinical suspicion for metabolic disturbances should be especially raised in 
situations where the clinical history alone does not provide a reasonable explanation for 
the evolution of BD.

• Neuromuscular blocking (NMB) agents. Adequate clearance of these agents should be con‐
firmed. In case there is a doubt for residual NMB action, a nerve stimulator with documenta‐
tion of neuromuscular junction activity and twitch response should be used to demonstrate 
good neuromuscular activity with 4/4 responds in “train of four” testing [12, 23].

• Drug intoxications. Barbiturates, opioids, sedative and anesthetic agents, antiepileptic 
agents, and alcohols should be discontinued. Adequate clearance (based on the age of the 
child, presence of organ dysfunction, total amount of medication administered, elimina‐
tion half‐life of the drug and any active metabolites) should be allowed before the neuro‐
logic examination. Recommendations of time intervals before brain death evaluation for 
many of the commonly used medications administered to critically ill neonates and chil‐
dren are listed in Appendix 2 of 2011 AAP guidelines. Laboratory testing of drug levels 
should be performed if there is a concern regarding residual drug effect. Although there is 
evidence that therapeutic and subtherapeutic barbiturate levels (phenobarbital and pento‐
barbital at 15–40 ug/ml) did not interfere with the reliability of BD diagnosis, it is advised 
these drugs to be at the low to mid therapeutic range before neurological examination [28]. 
Unusual causes of coma such as neurotoxins and chemical exposure, e.g., organophos‐
phates and carbamates, should be occluded in rare cases where an etiology for coma has 
not been established.

4.6. Physical examination: coma

The neurologic examination BD criteria in pediatrics have been adapted from 2010 American 
Academy of Neurology criteria for BD determination in adults [12]. Patients must exhibit 
complete loss of consciousness, vocalization, and volitional activity and should be in a pro‐
found state of coma. Flaccid tone is confirmed by passive range of motion in extremities given 
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there are no limitations to performing such an examination, e.g., previous trauma, and the 
patient is observed for any spontaneous or induced movements. Noxious stimuli in the cra‐
nial nerve distribution (deep supraorbital and/or condylomandibular pressure) and all four 
limbs (deep bed nail pressure), and trunk (sternal rub) should be applied and the responses, 
if any, should be carefully evaluated. Central (in the territory of cranial nerves, e.g., facial 
area) responsiveness to central and peripheral (outside the territory of cranial nerves) noxious 
stimuli must be absent, apart from spinally mediated reflexes. Complete absence of motion 
would equate a Clasgow Coma Scale (GCS) of 3. Observations such as decerebrate or decor‐
ticate posturing, true extensor or flexor motor responses to painful stimuli and seizures are 
not compatible with BD. Any motor response within the cranial nerve distribution, or any 
response in the limbs in response to cranial nerve stimulation, precludes determination of brain 
death. Spinal reflexes should be suspected in cases of motor responses in a somatic distribu‐
tion after noncranial, e.g., peripheral nerve stimulus and not after stimulus in the cranial 
nerve territory [14].

4.7. Brainstem reflexes

The absence of all brain stem reflexes must be confirmed by the physical examination. Afferent 
and efferent pathways of cranial nerves are given in parentheses:

• Oculomotor reflex (afferent II, efferent III). Pupils must be >4mm up to 9 mm with absent 
pupillary response to bright light in both eyes. Fixed midsized or fully dilated pupils 
are common. In cases of uncertainty, a magnifying glass could be used. Interpret with 
caution pupil size less than 4 mm. Small constricted pupils should be suspected for drug 
intoxication [12, 14].

• Corneal reflex (afferent V, efferent VII). Special care should be taken not to damage the cornea 
during the examination. The absence of eyelid movements must be documented after touch‐
ing the cornea with a cotton swab, a piece of gauze, paper, or water squirts.

• Absence of facial or bulbar musculature movement in noxious stimulus (afferent V, efferent VII). 
Deep pressure on the condyles at the level of the temporomandibular joints and deep pres‐
sure at the supraorbital ridge should produce no grimacing or facial muscle movement.

• Oculovestibular reflex (caloric reflex, afferent VIII, efferent III, VI). Check for patency of the 
external auditory canal with otoscopic examination. The eardrum should be visible, or it 
should be cleared before the test. Oculovestibular reflex is tested by irrigating each ear with 
ice water (caloric testing) after the head is elevated to 30° to place the horizontal semicircu‐
lar canal in a horizontal position [14]. Each external auditory canal is irrigated (one ear at a 
time) with >10–50 ml of ice water. Movement of the eyes should be absent during 1 min of 
observation. Both sides are tested, with an interval of several minutes.

• Oculocephalic reflex (eye doll reflex). The same pathways as in the case of oculovestibular 
reflex are tested. Not required any more in AAP 2011 and ANZICS 2013 guidelines due to 
the fact that it is not considered strong enough stimuli to elicit a response and the risk of 
exacerbating possible cervical spinal trauma [14].
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• Gag reflex (afferent IX, efferent X). The pharyngeal or gag reflex is tested after stimulation 
of the posterior pharynx using a tongue blade or suction device. The sucking and rooting 
reflexes are sought in neonates and infants [20].

• Cough—tracheal reflex (afferent X). The tracheal reflex is most reliably tested by examining 
the cough response to tracheal suctioning. The catheter should be inserted into the trachea 
and advanced to the level of the carina followed by one or two suctioning passes. The effer‐
ent limbs for this reflex are the phrenic nerve and the thoracic and abdominal musculature. 
Therefore, it cannot be assessed in patients with high cervical cord injury [12].

4.8. Apnea test

Only if all the above reflexes are absent, proceed with testing for apnea. The apnea test should 
be conducted last so that a high PaCO2 does not confound the testing of the other cranial 
nerves [14]. Apnea testing is the cornerstone for the diagnosis of BD both in adults and chil‐
dren and is conducted similar to adults. However, despite the consensus criteria published for 
adults and pediatrics, considerable variation has been described in performing the apnea test 
in both populations [2, 21, 22, 29]. In 1987 Task Force guidelines for pediatric BD is reported 
that apnea testing using standardized methods can be performed, but this is ordinarily done 
only after other examination criteria are met. Yet, the standardized methods are not described 
and the two associated references reported different ways of performing the apnea test. The 
former, by Outwaker and Rockoff, described apnea testing in 10 children aged 10 months to 
13 years who met the conventional criteria for BD. In their study, oxygen 100% was provided 
for 5 min before the test, the ventilator rate was set to zero, and a continuous flow of oxygen 
was provided through the ETT. Arterial blood gases (ABG) were drawn at 0, 1, 2, 3, and 5 min. 
All patients completed the test successfully; mean PaCO2 was 39.4 ± 7.4 mm Hg at the begin‐
ning and 59.5 ± 10.2 at the end of the test, with a mean rise of 4.0 ± 0.9 mm Hg/min [30]. The 
latter, by Rowland and coworkers, in 9 children aged 4 months to 13 years, mentioned that 
PCO2 rise was faster than adults, and faster in the beginning of apnea test (4.4 ± 1.6, 3.4 ± 1.3 
and 2.6 ± 1.2 mm Hg/min at 5, 10, and 15 min, respectively). PaCO2 ranged from 60 to 116 mm 
Hg after 15 min of apnea. All apnea tests were accomplished uneventfully and no spontane‐
ous respirations were observed in any of the patients after 15 min of apnea. The authors rec‐
ommended that prevention of hypoxia can be reliably achieved with administration of 100% 
oxygen for 10 min before discontinuing ventilator support, and continuing oxygen (6 l/min) 
through a catheter into the length of the ETT for the duration of the test. An initial apnea test 
of 10 min was proposed, and if the desired levels of PCO2 failed to achieve, then a repeated 
test with a longer duration of 15 min was advised. The study concluded that apneic oxygen‐
ation can be safely conducted in children as a component of the clinical evaluation of BD [31].

The above studies performed apnea testing differently. Even in the recent guidelines, there 
are no accurate instructions on how to perform a safe apnea test in children. Questions such 
as how much time is necessary for the preoxygenation period, which is the optimum base‐
line PCO2 level, which is the best way for apneic oxygenation, how to prevent hypoxia and/
or hypotention during the apnea test, which is the exact duration of apnea testing, remain 
blurred and left to the resolution of the attending physician. Physicians should always 
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remember that apnea testing is the last element in clinical diagnosis of BD in suspected BD children. 
There are references of prospective, retrospective studies, and case reports, in suspected BD 
children, mentioning that occasionally patients developed spontaneous breathing during 
apnea testing [2, 32–35]. These references not at all blunt the validity of apnea; on the con‐
trary they confirm the value of the test on establishing pediatric BD. Not all parts of pediatric 
brain die simultaneously, especially in patients with preexisting neurologic disease. In cases 
that apnea is not positive for BD the patient is returned back to full support, until a following 
apnea test can be performed or an auxiliary test is pursued to establish or refute the diag‐
nosis. It is worth mentioning that almost in all the aforementioned reports, most children 
died ultimately shortly afterwards, by a second apnea test that confirmed BD diagnosis or 
spontaneous cardiac arrest. One patient, who never fulfilled apnea testing, and therefore 
BD, remained in severe neurological impairment, keeping in life technology dependent, 
through tracheostomy, home mechanical ventilation, and gastrostomy [34]. Brain recovery 
of children that met all adult BD criteria based on neurologic examination has not been con‐
firmed so far. The apparent reversibility of brain death reported by some authors through 
spontaneous respirations during apnea testing is questionable; further review of these cases 
would reveal that those children could not had fulfilled strict brain death criteria by cur‐
rently accepted medical standards. There is no documented case of a person who fulfils the 
preconditions and criteria for brain death ever subsequently developing any return of brain 
function [8, 14, 18, 20, 23].

4.9. Performing apnea testing

The rationale behind the apnea test is that an intense ventilator stimulus, such as hypercap‐
nia/respiratory acidosis is needed, to stimulate respiratory drive centers in the medulla to 
start respiratory efforts. During this procedure, concomitant hypoxemia should be avoided 
by the administration of 100% O2. The levels of PCO2 sufficient to stimulate the respiratory 
drive (PCO2 threshold) was set at 60 mm Hg, based on the study of Scafer and Caronna, 
which report that three comatose, apparently BD adults, started to breath at PCO2 levels of 
44–56 mmHg [36]. According to AAP 2011 guidelines, if no respiratory effort is observed from 
the initiation of the apnea test to the time the measured PaCO2 is ≥60 and ≥20 mm Hg above 
the baseline, the apnea test is consistent with brain death. Patients with chronic respiratory 
disease and chronic hypercapnia may need a higher respiratory stimulus, and in this case, the 
limit of ≥20 mm Hg above baseline is more appropriate.

Apnea testing should not pose risk in the patients tested; it should be safe, accurate, and 
reproducible [29]. In the literature, there is evidence that approximately 10% of all apnea 
tests are aborted (12.5% in our study), mainly due to hypoxia and to a lesser degree due to 
hypotension [22]. A preparation period is necessary; a fluid bolus, e.g., R/L 20 ml/kg (iv), may 
be helpful in the case of volume depletion in the context of diabetes insipidus that may be 
present; and inotropes and vasopressors should be ready and connected in line, even if they 
are not needed before apnea testing. The effects of raised PCO2 levels in the circulatory sys‐
tem can vary. There could be an increase in heart rate and blood pressure due to sympathetic 
stimulation, or blood pressure may start falling due to the vasodilatation caused by the rising 
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PCO2 levels and the myocardial depression caused by the acidosis; arterial line is necessary 
for a beat to beat evaluation of blood pressure and drug titration. Oxygenation is mostly 
maintained by the preoxygenation with 100% O2 for 10 min, and through the apneic oxygen‐
ation during the test with the oxygen‐diffusion technique, e.g., with tracheal insufflation of 
oxygen at a rate suitable for the age of the child (as described previously in our study). The 
catheter administrating oxygen should not be cut, the size should be appropriate to permit 
escaping for the excess oxygen through the ETT and prevent air trapping, and the oxygen 
rate should be appropriate; if these precautions are not met, there is a risk for inadvertent 
high oxygen pressures. Cases of barotrauma with pneumothoraces and/or pneumomediasti‐
num have been described during apnea testing and should be avoided [37, 38]. In the case of 
hypoxia, CPAP could be applied through the application of the suitable valve in the T‐piece. 
A Mapleson anesthesia bag attached to the ETT could also be used. There are reports of suc‐
cessfully performing the apnea test through a T‐piece attached to the ET only; however, a 
question is arising if oxygen flowing simply at the end of ETT is capable of reaching the tra‐
chea to diffuse in the alveoli. Accomplishing apnea testing with the patient connected to ven‐
tilator should be avoided because all modern ventilators have built in apnea back up modes 
that do not allow zeroing the respiratory rate for a long time. Moreover, cardiac beating could 
trigger the ventilator if strong enough, and a false indication of spontaneous respiratory effort 
may appear. Maintenance of the homeostasis is of paramount importance for the safe and 
successful performance of the apnea test:

• Regular arterial blood gas (ABG) analysis should ensure normalization of the pH and 
PaCO2; maintenance of core temperature above 35°C and normotension for age should 
be confirmed, even through dose adjustment of inotropic and vasopressor agents. Still in 
hemodynamic stable patients before the test, these drugs should be ready and connected to 
line for immediate hemodynamic support, in case hypotension occurs.

• Preoxygenation using 100% oxygen, aiming at nitrogen removal and oxygen enrichment, 
should be applied for at least 10 min [12]. Mechanical ventilation parameters could be mod‐
ified as well at the same time, it is advisable to keep tidal volume and PEEP at the same 
level to avoid derecruitment and decrease only the respiratory rate aimed at eucapnia with 
baseline PCO2 level of 35–45 mm Hg. This could facilitate the rise in PaCO2 to the desired 
levels for a positive apnea testing [11, 12, 14].

• Intermittent mandatory mechanical ventilation is discontinued once the patient is well oxy‐
genated and a normal PaCO2 around 40 mm Hg has been achieved. Oxygenation should be 
accomplished with the apneic oxygenation method through the ETT as described earlier. 
The patient could also be changed to a T‐piece attached to the ETT, or a self‐inflating bag 
such as a Mapleson circuit connected to the ETT, or CPAP in cases of hypoxemia.

• Cardiac beating, blood pressure, and oxygen saturation should be continuously moni‐
tored while observing carefully for spontaneous respiratory effort (any respiratory muscle 
activity that results in abdominal or chest excursions or activity of accessory respiratory 
muscles) throughout the entire procedure [14].

• If the patient is well oxygenated (SpO2 > 85%) and hemodynamic stable, keep apnea dura‐
tion to 10 min and then draw ABG for analysis. The longer the apnea times the more the 
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possibilities for a positive apnea test. AAP 2011 guidelines suggest serial follow up ABG 
to monitor the rise in PaCO2 while the patient remains disconnected from mechanical 
ventilation [20].

• Apnea test is consistent with brain death if no respiratory effort is observed for 10 min or 
the time (if earlier) that values of measured PaCO2 ≥60 and ≥20 mm Hg above the baseline 
level are achieved. The patient should be placed back on mechanical ventilator support and 
medical management should continue until the confirmation of BD is completed by the 
second neurologic examination and the second apnea test.

• If oxygen saturations fall below 85% or hemodynamic instability limits completion of 
 apnea testing draw ABG at this time, discontinue the test and return the patient to ventila‐
tor and full support. If PaCO2 level of ≥60 and ≥20 mm Hg above the baseline has not been 
achieved at that time, another attempt to test for apnea may be performed at a later time, or 
an ancillary study may be pursued to assist with determination of brain death.

• Observation of any respiratory effort is inconsistent with brain death and the apnea test 
should be aborted.

• Use of a capnograph to detect spontaneous respirations through end tidal EtCO2 fluctua‐
tions is desirable.

4.10. Inability to perform elements of clinical examination and/or apnea

Clinical neurological examination and/or apnea test cannot be performed under some circum‐
stances, especially during trauma. Ocular trauma, severe maxilofascial injuries, skull base 
fractures that are running through the external ear canal, and ear drum rupture limit the 
ability to perform and evaluate many of the brainstem reflexes. Cervical spinal trauma with 
possible participation of phrenic nerve limits the spontaneous breathing ability during apnea 
testing. Flaccid tone in patients with high spinal cord injury or neuromuscular diseases poses 
further concerns about the validity of clinical examination.

Furthermore, apnea testing cannot be performed in cases of severe hypoxia, e.g., in ARDS 
patients even under CPAP conditions, and/or in patients with severe hemodynamic insta‐
bility. When concerns about the potentials and validity of elements of clinical examination 
and/or apnea testing are arisen, then continued observation is recommended. A valid neu‐
rologic evaluation and apnea test could be performed at a later time, as soon as all issues 
are resolved. If this is not possible, then an ancillary study is indicated to establish BD 
diagnosis.

4.11. Ancillary studies

The 2011 AAP BD guidelines recommends that ancillary studies (electroencephalogram and 
radionuclide cerebral blood flow) are not required to establish brain death and are not a sub‐
stitute for the neurologic examination. The term “ancillary study” is preferred to “confir‐
matory study” since these tests assist the clinician in making the clinical diagnosis of brain 
death. Ancillary studies are not common in places where the DNC concept, as the death of 
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the brainstem, is accepted; on the contrary they are more common where the whole concept 
of BD, including the death of the brainstem, is acknowledged. Nevertheless, apart the above 
mentioned reasons that question the potential and safety of clinical examination, ancillary 
studies are sought also in suspected drug intoxication and to reduce the inter‐examination 
observation period.

Before the use of ancillary studies, all the preconditions of BD that could be applied, and 
all parts of clinical examination, including apnea test, that could be performed, should be 
recorded. When an ancillary study supports the diagnosis of BD, a second clinical examina‐
tion and apnea test must be done and components that can be completed must remain con‐
sistent with brain death. In this instance, the inter‐examination observation interval may be 
shortened and the second clinical evaluation and apnea test (or all components that can be 
completed safely) can be performed and documented at any time thereafter for children of 
all ages [20].

4.11.1. EEG

Electroencephalograph (EEG) has been extensively studied in 485 suspected BD pediatric 
patients where signs of electrocerebral silence (ECS) were sought. In their first study, 76% 
of patients had ECS, which elevated to 89% in subsequent, if any, studies. Sixty‐six patients 
had a second study that confirmed the ECS of the first study in 64/66 patients (97%). The 
two patients who showed EEG activity, in retrospect in depth analysis, would not have met 
the recent criteria for BD due to pharmacological agents present at the time of examination 
(a newborn with high phenobarbital levels of 30 μg/ml and a 5 years head trauma boy that 
received pentobarbital and pancuronium at the time of testing). In case that the first study 
showed EEG activity (85 patients), the second study showed ECS in 47/85 (55%) of patients. 
The rest 38/45 patients (45%), either did not have a second examination, or an ECG activity, as 
expected, were confirmed. It is worth mentioning that all the examined patients died (spon‐
taneously or by withdrawal of support). Only one patient survived with severe neurological 
impairment from this entire group of 485 patients, the above‐mentioned neonate with an 
elevated phenobarbital level, whose first EEG showed photic response [20].

4.11.2. CBF

Four‐vessel cerebral angiography is the gold standard for determining the absence of cerebral 
blood flow (CBF). However, the technique is not always available, is very invasive and dif‐
ficult to perform in young infants, and carry all the risk of transferring a potentially unstable 
patient outside the PICU. Thus, use of radionuclide CBF determinations to document the 
absence of CBF, with portable scanners where feasible, remains the most widely used meth‐
ods to support the clinical diagnosis of brain death in infants and children. Evidence suggests 
that radionuclide CBF study can be used in patients with high dose barbiturate or other drugs 
therapy to demonstrate the absence of CBF. The classical appearance in a CBF scanning study 
positive for BD is the “hollow skull phenomenon” or “hot nose sign” due to the absence 
of circulation in the brain with relatively increased nasal region perfusion due to preserved 
external carotid artery flow [12, 20].
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An extended study of CBF in 681 suspected BD patients showed that 86% of patients who 
met clinical BD criteria had absent CBF on first examination, a percentage that rose to 89% in 
case they had a following test. Among them, 26 patients had a second examination that con‐
firm the absence of CBF in 24/26 patients (92%). The two exceptions with no flow in the first 
study that revealed some flow in the second study were two newborns. The first newborn 
had minimal flow on the second study and ventilator support was discontinued. The other 
newborn developed flow on the second study and had some spontaneous respirations and 
activity, and survived with severe neurologic impairment. Along with the 34 patients that 
had present flow in first study, 9/34 (26%) had no flow on the subsequent study, due to evo‐
lution to BD. The remaining 25/34 (74%) either had preserved flow or no further CBF studies 
were done, and all died (either spontaneously or by withdrawal of support). Interestingly, 
only one patient survived from this entire group (the one mentioned earlier) with severe 
neurologic deficit [20].

4.11.3. ECG versus CBF

There are 12 studies in the literature examining 149 suspected BD patients of any age with 
both initial EEG and CBF studies, which present special interest to compare one to another 
for their diagnostic yield. Data were stratified by three age groups: (i) all children (n = 149); 
(ii) newborns (<1 month of age, n = 30); and (iii) children aged >1 month to 18 years (n = 119). 
In the first EEG study, ECS was found in 70% in the whole cohort, 40% in newborns and 
78% in older children. Similarly, the absence of flow in the first CBF study was documented 
in the same proportion in all age groups (70%), though performance was better in infants 
with absent flow in 63%, whereas in older children remained the same with absent flow in 
71% of patients. Both studies were compatible with BD in 58% of all patients, only in 26% of 
newborns and 66% of older children. It seemed that for newborns, EEG with ECS was less 
sensitive (40%) than the absence of CBF (63%) when confirming the diagnosis of brain death, 
but even in the CBF group the yield was low. Performance was better for children older than 
1 month of age and both of these ancillary studies remain accepted tests to assist with deter‐
mination of brain death and are of similar confirmatory value. Radionuclide CBF techniques 
are increasingly being used in many institutions replacing EEG [20].

If the results of the ancillary study are equivocal, the patient cannot be pronounced BD. 
Observation under maximum supportive care is continued until a valid clinical examination 
and apnea testing is possible, or a subsequent ancillary study with definite results can be per‐
formed. A waiting period of 24 h is recommended before further radionuclide CBF study is 
performed, to allow for adequate clearance of Tc‐99m. A waiting period of 24 h is reasonable 
and recommended before repeating EEG ancillary study as well.

There are reports of other newer ancillary studies performed in adults and children with 
suspected BD. Concerning the adult population, Transcranial Doppler is not included in 
adult AAN 2010 guidelines, whereas it is reported as a screening only test in ANZICS 2013 
guidelines [12,14]. MRA angiography, CT angiography, somatosensory evoked potentials, 
and bispectral index are mentioned in adult 2010 guidelines but are not recommended 
due to insufficient evidence [12]. Correspondingly, pediatric AAP 2011 guidelines cannot 
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recommend any of the above studies as ancillary studies to assist with the determination 
of BD in children [20].

4.12. Number of examinations

Two examinations, including apnea testing with each examination, separated by an obser‐
vation period, are required. The examinations should be performed by different attending 
physicians involved in the care of the child, or as specified by national law. The first examina‐
tion determines the child has met neurologic examination criteria for brain death. The second 
examination, performed by a different attending physician, confirms brain death, based on an 
unchanged and irreversible condition.

4.13. Number of examiners

According to AAP 2011 guidelines, two physicians (one each time) must perform two indepen‐
dent examinations separated by specific intervals. Apnea testing, as an objective test, could be 
performed by the same physician, preferably the attending physician who is managing ventila‐
tor care of the child. The committee recommends that these examinations be performed by dif‐
ferent attending physicians involved in the care of the child. Physicians should have experience 
with neonates, infants, and children and have specific training in neurocritical care. They must 
be competent to perform the clinical examination and interpret results from ancillary studies. 
Pediatric intensivists and neonatologists, pediatric neurologists and neurosurgeons, pediat‐
ric trauma surgeons, and pediatric anesthesiologists with critical care training could serve as 
examiners for BD diagnosis in children. Adult specialists should have the appropriate neuro‐
logic and critical care training to diagnose brain death in children. Junior doctors, residents, and 
fellows should be encouraged to learn how to properly perform brain death testing by observ‐
ing and participating in BD diagnosis performed by senior experienced attending physicians.

The exact number, specialty, and the required qualifications of the examiners vary according 
to national law; e.g., in Greece, three physicians (anesthetist, neurologist/neurosurgeon, and 
attending physician such as pediatrician/pediatric surgeon), who should be board registered 
for their specialty at least for 2 years, are required. The same panel of doctors is mandatory 
to perform the second examination at the set observation period. No one must be potentially 
involved in the organ donation and transplantation team.

4.14. Observation period

The recommended observation periods are as follows:

• 24 h for neonates (37 weeks gestation to term infants 30 days of age).

• 12 h for infants and children (>30 days to 18 years).

Observation period could be shortened in case of an ancillary study compatible with BD. On 
this occasion, the second neurologic examination and apnea test (or all components that can 
be completed safely) can be performed and documented at any time thereafter for children 
of all ages [20].
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5. Special considerations for term newborns (37 weeks gestation to 30 
days of age) by AAP 2011 guidelines

The younger the patient the greater the challenge of diagnosing BD in pediatric patients; 
the younger the patient the longer the observation period, unless clinical BD diagnosis is 
supported with ancillary studies whereas the observation period could be shortened [20]. 
Interestingly, the performances of ancillary studies which are supposed to help in the diagno‐
sis are less accurate in very young infants. These reservations were recorded for the first time 
in AAP 1987 guidelines and are listed below for historical reasons [19]. Different diagnostic 
criteria were defined in those guidelines according three age categories starting from the 7th 
day of life; no recommendation was done then for neonates younger than 7 days of life due to 
insufficient data. Ancillary studies, especially EEG, were regarded an essential component of 
the diagnosis and were mandatory with different observation periods across age:

• Infants 7 days to 2 months: Two examinations and two EEG separated by at least 48 h.

• Children 2 months to 1 year: Two examinations and two EEG separated by at least 24 h. 
The second EEG was not necessary if a concomitant cerebral radionuclide scan or cerebral 
angiography demonstrated no flow or visualization of the cerebral arteries.

• Children older than 1 year: A shorter observation period of at least 12 h was recommended 
and ancillary testing was not required when an irreversible cause existed. However, with pres‐
ent ECS or absent CBF, the observation period in this age group could be further decreased.

In AAP 2011 guidelines, although some of the above precautions were revised, especially 
about the necessity of ancillary studies, there are still special considerations about the term 
newborns (37 weeks gestation to 30 days of life) in:

• Clinical examination: There is a concern about the maturation of brainstem reflexes on this 
age group and the difficulties arisen with the clinical examination. Therefore, a longer time 
of 24 h is recommended both before the initial evaluation for BD and for the observation 
period between tests. In cases of uncertainty, repeated clinical examinations are preferable 
to ancillary studies.

• Apnea test: Particularities of apnea testing in neonates are caused by the possibility that 
high oxygen pressures during preoxygenation may inhibit the potential stimulation of re‐
spiratory centers, and profound bradycardia may precede the gradual development of hy‐
percapnia during apnea. The definition of a valid apnea test is the same as in older children.

• Ancillary studies: They are less sensitive in detecting brain electrical activity or cerebral 
blood flow than in older children. When both ancillary studies were conducted in 149 sus‐
pected BD neonates <1 month, absence of CBF (63%), although low, was more sensitive 
than demonstration of ECS (40%), which was even lower. Disparities were also recorded 
between studies; when the first examination showed ECS, the absence of CBF was con‐
firmed in 66.7% of patients, while when the absence of flow was firstly recorded, ECS was 
present in only 42% of patients. Due to limitation of ancillary tests for this age, repeated 
clinical neurological examinations are indicated than relying on ancillary tests. However, 
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when ancillary tests are present and compatible with BD, the inter‐examination interval 
could be shortened at the same way as happened to older children.

Similar recommendations for patients younger than 36 weeks to 1 month of age were issued 
by the ANZICS 2013 guidelines as well, stating that the initial evaluation for BD should defer 
for 48 h, with an interval of 24 h between the two tests [14].

6. Special considerations in patients younger than 2 months by RCCHD 
2015 guidelines

Due to uncertainty about the validity of the 2008 AoMRC code of practice DNC criteria in 
young infants, in the UK, the RCCHD examined literature evidence for BD in very young 
patients from 37 weeks corrected gestation (postmenstrual) to 2 months postterm [18]. 
According to their guidelines, DNC is a clinical diagnosis with certain preconditions, and 
ancillary tests do not help in this diagnosis. They recommended that DNC for this age group 
should be made taking into account the following:

• Preconditions: The same preconditions are recommended as those detailed in the 2008 AoM‐
RC code of practice and in the 1991 BPA report, with an additional prerequisite about the 
first clinical examination. Postasphyxiated infants or those receiving intensive care after 
resuscitation, having or not being treated with therapeutic hypothermia, should have a 
period of at least 24 h of observation. This observation period could be extended in the case 
of suspected residual drug‐induced sedation.

• Clinical diagnosis of DNC: The same DNC clinical criteria are recommended as those used 
in the 2008 AoMRC code of practice for adults, children, and older infants, with special 
considerations on apnea. A stronger hypercarbic stimulus is used to establish respirato‐
ry unresponsiveness. Specifically, there should be a clear rise in PaCO2 levels of >2.7 kPa 
(>20 mm Hg) above a baseline of at least 5.3 kPa (40 mm Hg) to >8.0 kPa (60 mm Hg) with no 
respiratory response at that level. Two clinical examinations are required with the same 
interval as in 2008 AoMRC code of practice.

• Ancillary tests: Ancillary tests were not found sufficiently robust to help confidently diagnose 
DNC in infants. They are required only in cases where a clinical diagnosis of DNC is not pos‐
sible (for example because of extensive faciomaxillary injuries, or high cervical cord injury).

• Examiners: Two qualified pediatricians who have been registered for more than 5 years 
and are competent in the procedure are required. At least one should be a consultant. They 
should perform successfully two tests, including apnea.

7. Special considerations for premature newborns

Brainstem reflexes are not fully developed in premature babies, for example the pupillary 
response to light appears at 30 weeks, but is only consistently present at 32–35 weeks of gestation, 
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and the central respiratory response to CO2 is relatively poorly developed below 33 weeks of ges‐
tation. Due to the uncertainty surrounding this issue, there are not any international guidelines 
to address BD diagnosis in premature babies below 36–37 weeks postconceptual age [14, 20].

8. Declaration of death: documentation

Death is declared after the second neurologic examination and apnea test confirms an 
unchanged and irreversible condition. When there is a concern about the validity of the first 
clinical examination and ancillary studies are used, documentation of components from 
the second clinical examination that can be completed, including a second apnea test, must 
remain consistent with brain death. Documentation at each step of diagnosis is necessary, 
starting from the preconditions that should be met and finishing with the exact time of death, 
accompanied by the well written names and signatures of the responsible physicians. The 
use of a checklist provides standardized documentation to determine brain death ensuring 
that no step is missing and is highly recommended [20, 21, 24]. A checklist outlining essential 
examination and testing components is provided in Appendix 2.

The law, almost worldwide, recognizes that after DB declaration, preservation of technol‐
ogy‐dependent life in modern ICUs is of no use, unless the patient is going to be an organ 
donor, whereas all the necessary actions should be undertaken. Time of clinical death after BD 
varies in different references according to national social, cultural, and religious preferences. 
In a preliminary announcement of our study, this time was approximately 2.74 days after 
the completion of the second apnea test, mainly attributed to the high emotional stress of the 
parents and the time needed by the family to accept the reality of BD for their children [39]. In 
one of the first relevant studies in children, it is reported that among 171 BD pediatric patients 
47% had their ventilatory support withdrawn an average of 1.7 days after the diagnosis of 
BD, whereas in 46% support was continued until a cardiac arrest that happened an average 
of 22.7 days later [40]. The shorter period of 8.52 h is reported in Canada [2] and the longer 
period up to 4 years is recorded in Japan [7].

9. Parental support

The loss of a child is the most powerful emotional stress for a family. Moreover, there is evi‐
dence that parents cannot understand the concept of the brain death in a child that is appar‐
ently alive, connecting to ventilator with its heart beating. Good communication between the 
family and the medical team is necessary to make clear that, despite everything had been 
made for the recovery of their children, they will have a dismal outcome. The role of the bed‐
side nurse who spent more time with the patients and the parents is fundamental in creating 
the trust to accept the reality of BD. From the very beginning of the admission of their child at 
the PICU, the parents should be fully informed of the disease, the treatments and the unfavor‐
able prognosis. When parents are not well informed, they will take longer to understand the 
evolution to BD and accept the death of their child [7, 23].
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Communication with families must be clear and concise, yet using a simple language with‐
out pompous medical terminology that they could not understand. Apart medical and nurs‐
ing team, other medical workers could help families cope with the apparent death as well. 
The clerk and psychotherapists/psychologists may help them to take difficult end‐of‐life 
decisions and parents should be offered this possibility. The presence of family during the 
tests is questionable. Some families may find it helpful and relieving to see each diagnostic 
step and the complete loss of responsiveness, but a danger of severe emotional embarrass‐
ment lurks in case spinal reflexes are elicited [7]. The family must understand that after 
the confirmation of BD, their child meets legal criteria for death and continuation of medi‐
cal therapies, including ventilator support, is no longer an option unless organ donation is 
planned [20].

10. Conclusions

Diagnosing BD in children is a challenging task and despite the existence of pediatric guide‐
lines since 1987, great variation has been recorded. Strict adherence to published guidelines 
and medical standards for determining brain death is the minimum requirement for main‐
taining public trust. The neurological criteria, as outlined above, represent international 
practice in which the medical profession and the public can have complete confidence [16]. 
The use of checklist promotes the necessary documentation of each part of declaration of BD 
and is strongly recommended [2, 21, 24]. International guidelines should form a basis where 
national guidelines could be established, taking into account legal, ethical, cultural, and reli‐
gious differences. Diagnosing BD is a medical duty and should be faced with the appropriate 
knowledge and responsibility.

Although it becomes more and more clear that BD is a clinical diagnosis, there are circum‐
stances where ancillary studies are still necessary. Technology is rapidly evolving and newer 
methods assessing brain function are developed. Newer methods to assess CBF and neuro‐
physiologic function comparing them to traditional ancillary studies is a forthcoming need, 
and they will be probably included in future guidelines to assist with determination of brain 
death in children. Additional information or studies are required to determine if a single neu‐
rologic examination is sufficient for neonates, infants, and children to determine brain death 
as currently recommended for adults over 18 years of age, by the 2010 AAN adult guidelines 
on BD [12, 20].

Appendices

Appendix 1. Brain death diagnosis algorithm (adapted from Ref. [20])

Appendix 2. Check list for determination of brain death (adapted from Ref. [20])
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Abstract

Fat embolism syndrome (FES) is a clinical syndrome characterized by signs and symp-
toms resulting from fat emboli and typically occurs after trauma, orthopaedic surgeries 
and non-traumatic conditions like acute pancreatitis. Literature reports an incidence of 
FES of up to 19% in prospective studies. Fat embolism refers to the presence of fat glob-
ules in pulmonary microcirculation and is often asymptomatic. The clinical syndrome 
of FES is characterized by systemic manifestations resulting from fat emboli which may 
manifest with a triad of lung, brain, and skin involvement in about 24–72 hours of asymp-
tomatic period. The pathophysiology of fat embolism syndrome remains unclear. Two 
theories have been hypothesized: mechanical(disruptive) and biochemical(production of 
toxic metabolites). Universal agreement on the definition of FES is lacking. FES presents 
with nonspecific signs and symptoms;common to other critical illnesses and is often a 
diagnosis of exclusion. The clinical criteria proposed by Gurd and Wilson are popular. 
Biochemical tests and imaging may be of value in supporting the diagnosis. Treatment 
for FES is essentially supportive care in ICU. Principles of treatment include maintenance 
of adequate oxygenation, ventilation, hemodynamics, and organ perfusion. It may be 
prevented by early fixation of large bone fractures.

Keywords: fat embolism syndrome (FES), long bone fractures, clinical criteria, imaging 
studies, supportive care, early fixation

1. Introduction

The term “fat embolism” (FE) is often loosely used to describe both fat embolization (of insig-
nificant clinical relevance) and the clinical syndrome of fat embolism syndrome (FES) [1]. 
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The term “fat embolism” may be defined as the presence of fat globules in the pulmonary 
microcirculation irrespective of its clinical relevance, while the clinical syndrome of FES is 
characterized by the clinical signs and symptoms (systemic manifestations) resulting from 
fat emboli [2] and must be differentiated from the pathophysiological phenomenon of fat 
embolization [3].

2. History

Fat embolism was described as early as 1862 by Zenker. Warthin [4] opined that fat embolism 
from traumatic lipemia was not rare and the most frequent cause of death following long 
bone fractures in the absence of infection.

More data on FES came forth in the early twenty‐first century from wounded soldiers involved 
in armed conflict across the world. A series of 1000 combats injured in the World War II 
reported the incidence of FES to be 0.8%. In Vietnam, cases of arterial hypoxemia among 
wounded soldiers were attributed to FES and also reported a few classic presentations of 
FES [3].

3. Pathophysiology

The pathophysiology of development of fat embolism syndrome is still unclear. However, 
two theories were hypothesized for its mechanism: mechanical and biochemical. Either the 
disrupted fat globules from bone marrow or adipose tissues enter into the bloodstreams 
(mechanical) or any sequel that leads to the production of toxic metabolites in the blood (bio-
chemical) can give rise to a conundrum of clinical features that characterize the fat embolism 
syndrome. It is also likely that either the mechanisms exist in tandem or one gives rise to the 
other in the production of FES.

3.1. Mechanical theory

In the twentieth century, it was suggested that following a trauma, fat particles from the bone 
marrow and adipose tissues enter into the disrupted venules and travel to the pulmonary 
circulation or enter into the systemic circuit via arteriovenous shunts. The echocardiographic 
finding of echogenic material passing into the right heart during an orthopedic procedure 
contributed to this mechanical theory [5].

3.2. Biochemical theory

However, the mechanical theory does not explain the development of FES after a delay of 
2–3 days postinjury. There are many biochemical mechanisms involved in the progression 
of fat embolism syndrome; the most widely accepted is the release of free fatty acids into 
the plasma following trauma, sepsis, and/or systemic inflammation. Acute phase reactants, 
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like C-reactive proteins, lead to lipid agglutination that tend to cause Acute respiratory dis-
tress syndrome (ARDS) in animal models, dysfunction of cardiac contractility and increase 
in plasma lipase concentration, which are the features of FES. These free fatty acids migrate 
to other organs, causing multiorgan failure [6]. This theory also helps in understanding the 
development of nontraumatic fat embolism syndrome.

4. Incidence

Fat Embolism is common in trauma patients, particularly those with pelvic or long bone frac-
tures [3]. Most literature reporting incidence of FES involves orthopedic or trauma patients 
with retrospective studies reporting an incidence of below 1%, while prospective studies have 
reported a much higher incidence of 11–19% [7]. Autopsy studies reported a much higher 
incidence of Fat embolism. One study demonstrated pulmonary fat emboli in 82% of trauma 
patients at autopsy [8]. Up to 67% of trauma patients without clinical features of fat embolism 
syndrome were shown to have circulating fat globules [3].

Fat emboli with a diameter of more than 20 µm have been shown to occur in up to 90% of 
patients with long bone fractures. Another study concluded that more than 90% of patients 
with long bone fractures had embolism with fat droplets more than 20 µm in diameter [9].

Gurd proposed that the clinical syndrome of fat embolism can be differentiated from a mere 
presence of fat emboli at autopsy in patients with no prior clinical features. Gurd suggested 
that a distinction can be made between the clinical syndrome of fat embolism and demonstra-
tion of fat embolism on autopsy with no prior clinical features of the syndrome [10].

Bulger et al. studied the incidence of FES at a level I trauma center over a 10‐year period, 
reporting an incidence of 0.9% among patients with long bone fractures [11]. More recent data 
from the National Hospital Discharge Survey in USA looking at 21,538,000 patients with long 
bones and pelvic fractures reported a diagnosis of FES in 0.12% of the patients [12].

5. Etiology and risk factor

The development of FES is frequently associated following an orthopedic trauma, with high-
est occurrence in closed and/or multiple long bone fractures, particularly of lower limb bones 
like femur. Aggressive nailing of the medullary canal poses increased risk of FES. Vigorous 
nailing of medullary cavity during intramedullary nailing and increase in gap between nail 
and cortical bone puts the patient at high risk of developing FES [6].

Furthermore, younger populations of 10–40 years and men more often than women are at 
high risk. Fat embolism has been reported in other nontraumatic conditions like pancreati-
tis, liposuction, bone marrow transplant, sickle cell disease, and liver disease. Nontraumatic 
causes of fat embolism syndrome include bone marrow transplant, pancreatitis, liposuction, 
alcoholic liver disease, and sickle cell crisis [13].
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6. Clinical features

The phenomenon of fat embolism (fat droplets in circulation) is often undiagnosed in clini-
cal practice. The clinical syndrome of FES tends to present with signs and symptoms similar 
to other critical illness and is mostly a diagnosis of exclusion. Fat embolism, which is a mere 
presence of fat emboli in circulation, may frequently go undiagnosed [10], while fat embolism 
syndrome presents with nonspecific clinical features common to other critical illnesses and is 
often a diagnosis of exclusion.

The fulminating form may present with sudden cardiovascular collapse and right ventricular 
failure subsequent to pulmonary and systemic fat embolization. More often, it is character-
ized by a more gradual onset of hypoxemia, neurological symptoms and a petechial rash 
about 12–36 hours after an injury [7].

Fat emboli could travel through the systemic vasculature resulting in a multiorgan disease 
involving lungs, brain, skin, retina, kidneys, liver, and heart.

The most common manifestations among patients with FES are of pulmonary system. 
Pumonary manifestations though of varying severity are the most common finding in patient 
with fat embolism syndrome. Bulger et al. reported hypoxemia in 96% of the cases, and 44% 
of the patients with FES required mechanical ventilation [11]. Patients may develop dyspnea 
and tachypnea and a more severe syndrome indistinguishable from Acute respiratory distress 
syndrome (ARDS) may develop.

Nonspecific neurological symptoms including lethargy, restlessness or a decrease in Glasgow 
Coma Scale (GCS) may suggest cerebral edema subsequent to FES [14]. Severe neurological 
deterioration with cerebral edema has been reported with FES [15].

Skin involvement characterized by a petechial rash manifests in up to 60% of patients and 
usually affects oral mucous membranes, neck and axilla skin folds and conjunctiva. Dermal 
manifestations with a petechial rash pathogonomic of FES usually involves the conjunctiva, 
oral mucous membranes and skin folds of the neck and axillae and occuring in up to 60% of 
patients with FES [7].

7. Diagnosis

7.1. Gurd’s and Wilson’s criteria

Universal agreement on a standard definition of FES is lacking. There is a lack of universally 
accepted definition of FES [3]. The major and minor criteria proposed by Gurd and Wilson 
(Table 1) in 1970 are still popular [10]. It required one major criterion plus four minor criteria’s 
in addition to fat macroglobulinemia for a diagnosis of FES.
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7.2. Schonfeld’s criteria

Other authors later adapted these criteria and proposed the combinations of major and minor 
features needed for a diagnosis. Schonfeld et al. proposed (Table 3) a quantitative measure to 
diagnose FES; a score of more than 5 is required to diagnose FES [3].

7.3. Lindeque’s criteria

Lindeque proposed criteria for diagnosis of fat embolism syndrome based on respiratory 
changes alone [16]. A positive diagnosis of FES was proposed if atleast one of the criteria are 
met (Table 2).

1. Major criteria

a. Petechial rash

b. Respiratory insufficiency

c. Cerebral involvement

2. Minor criteria

a. Tachycardia

b. Fever

c. Retinal changes

d. Jaundice

e. Renal signs

f. Thrombocytopenia

g. Anemia

h. High ESR

i. Fat macroglobinemia

Table 1. Gurd’s and Wilson’s criteria (with permission from Dr. Nissar Shaikh) [6].

Scores

Petechiae 5

X‐Ray chest diffuse infiltrates 4

Hypoxemia 3

Fever 1

Tachycardia 1

Tachypnea 1

Confusion 1

Table 2. Lindeque’s criteria (with permission from Dr. Nissar Shaikh) [6].
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8. Investigations

Diagnosis must be made on the basis of clinical findings but biochemical changes may be of 
value to support in diagnosis.

In the initial stages, a blood gas analysis is imperative, which will show hypoxia with paO2 of 
less than 60 mmHg and hypocapnia within the first 24–48 hours. Also, there will be an unex-
plained increase in the pulmonary shunt fraction and an alveolar to arterial oxygen tension 
difference. These are highly suggestive of a diagnosis of FES.

Nonspecific findings include anemia, thrombocytopenia, hypofibrinogenemia and high eryth-
rocytes sedimentation rate. Cytological examination of urine, blood, sputum, and pulmonary 
capillary blood may detect fat globules in patients with FES; however, these tests are rarely 
done in the immediate period as they lack sensitivity and their absence does not rule out fat 
embolism [6].

8.1. Imaging studies

8.1.1. Chest X‐ray

Various nonspecific findings have been reported on chest X‐ray though none of them is diag-
nostic. Numerous radiological findings have been described but none is diagnostic of fat 
embolism syndrome. The chest X-ray is often normal initially but in some patients bilateral 
fluffy shadows can be seen with worsening respiratory insufficiency (Figure 1).

Sustained pO2 < 8 kpa

Sustained pCO2 > 7.3 kpa

Sustained respiratory rate > 35 per min, in spite of sedation

Increase work of breathing, dyspnea, tachycardia, anxiety

Schonfeld’s criteria

Petechiae 5

Chest X‐ray changes (diffuse alveolar infiltrates) 4

Hypoxaemia (Pao2 < 9.3 kPa) 3

Fever (>38°C) 1

Tachycardia (>120 beats min−1) 1

Tachypnoea (>30 bpm) 1

Cumulative score >5 required for diagnosis

Table 3. Schonfeld’s criteria (with permission from Dr. Nissar Shaikh) [6].
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8.1.2. Ventilation – perfusion scan (V/Q)

V/Q scans may demonstrate a mottled pattern of subsegmental perfusion defects with a nor-
mal ventilatory pattern.

8.1.3. CT – computerized tomography chest and head

Spiral CT scan of the chest may show focal areas of ground glass opacification with interlobu-
lar septal thickening. Normal findings or diffuse petechial hemorrhages of white matter may 
be seen on CT scan of brain. CT Head may be normal or reveal diffuse white‐matter petechial 
hemorrhages consistent with microvascular injury. This will also rule out other causes for 
deterioration in consciousness level (Figure 2).

Figure 1. AP radiograph of the chest showing bilateral basal air space‐filling lesions (consolidation in a patient of FES) 
(with permission from Dr. Nissar Shaikh) [6].

Figure 2. CT image showing minimal hypodense changes in periventricular region, which are more evident in MRI 
DWI and T2WI as areas of high signals (with permission from Dr. Nissar Shaikh) [6]. (Produced with permission) 
Constellation of findings along with clinical data is characteristic for FES.
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8.1.4. MRI of brain

It may reveal high-intensity T2 signal which correlates with the degree of neurological impair-
ment found clinically.

9. Treatment

Treatment is largely supportive care in a unit equipped with intensive care capabilities. 
Maintaining adequate oxygenation, ventilation, and organ perfusion are the essential goals 
of treatment. Principles of treatment include maintenance of adequate oxygenation and 
ventilation, hemodynamics, and perfusion. Correction of hypoxemia to maintain normal 
oxygen tension may require simple measures like oxygen supplementation or mechanical 
ventilation and Positive end expiratory pressure (PEEP) depending on the clinical context. 
Shock in patients with FES can worsen the lung injury and hence restoration of  intravascular 
volume with balanced salt solutions or albumin is often required. Albumin administration 
not only expands the intravascular volume but may also mitigate the extent of lung injury 
as a result of its binding with fatty acids. Vasopressors to maintain the hemodynamics may 
be required. It has been proposed that  heparin by enhancing lipase activity may augment 
the clearance of lipids from blood circulation. Treatment modalities including corticoste-
roids and anticoagulation have unfortunately not been shown to improve the morbidity 
or mortality. Other medications including alcohol and dextran have also been shown to be 
ineffective [2, 6].

10. Prognosis

Fat embolism occur in around 90% of all trauma patient, but FES accounts for less than 5% 
of patients having long bone fracture [17, 18]. The unstable form of FES presents as acute 
respiratory failure, cor pulmonale, and/or embolic event, leading to death within a few hours 
of injury. This is seen more often among high‐risk patients and those with a background of 
multiple comorbidities.

It is hard to predict the extent of FES as it is often subclinical and the outcome of patients are 
generally favorable [6]. Mortality rate is less than 10% at present as there have been significant 
improvements in supportive care. Neurological deficits and pulmonary manifestations usu-
ally resolve completely over time [18].

11. Prevention

Studies have shown early fixation of fractures involving long bones is important in decreas-
ing the incidence of fat embolism syndrome and may prevent it [6, 19, 20]. Preventing sig-
nificant increase in intraosseous pressure in orthopedic surgeries may reduce embolization 
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of fat droplets and thereby reduce the incidence of FES. It has been suggested that plate fixa-
tion and external fixation results in less emboli and less severity of lung injury than surgical 
fixation with intramedullary nailing [6]. Prophylactic use of corticosteroids may have a ben-
eficial effect in preventing fat embolism syndrome [21]. Wong et al. suggested monitoring 
with continuous pulse oximetry in patients with long bone fractures for early identification 
of desaturation [22]. This would allow early initiation of appropriate oxygen supplemen-
tation and other measures, possibly reducing the systemic complications of fat embolism 
syndrome [6].
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Abstract

Severe acute pancreatitis (SAP) is a severe form of acute pancreatitis, which requires 
often intensive care therapy. The common aetiology varies with geographic locations. 
In Middle East, biliary pancreatitis is the commonest type. Initial phase of the disease 
is due to profound release of the proinflammatory marker, then the organ dysfunction 
takes over. It mainly divided into three types depending upon the pathological changes 
that are oedematous, necrotic and haemorrhagic. The common clinical presentation is 
typical abdominal pain radiating to the back and relieved by typical positioning i.e. sit-
ting or leaning forwards. Raised pancreatic amylase and lipase with imaging will help 
to diagnose the SAP. The outcome of SAP is dictated by various criteria and scores. The 
commonly used scoring systems are Ranson’s and Glasgow scores, whereas the local 
complication is diagnosed and predicted by the Balthazar’s score. The management of 
SAP is mainly analgesia, prevention of complications and supportive care. Initially, lapa-
rotomy was recommended routinely for SAP complicated by necrosis of the pancreas 
and continuous lavage, but nowadays, minimal invasive image guided drainage is the 
recommended modality. The most common complications of concern are the abdominal 
compartment syndrome, Acute respiratory distress syndrome (ARDS), and infection of 
the pancreatitis necrosis. SAP has a high mortality rate (up to 40%), but initial aggressive 
supportive management will improve the outcome.

Keywords: analgesia, Balthazar score, Glasgow score, image guided drainage, Ransom 
Score, severe acute pancreatitis

1. Introduction

Acute pancreatitis is an inflammatory condition of the pancreas with a wide spectrum of 
pathological and clinical manifestations. It ranges from mild and self-limiting condition to 
severe pancreatitis with multiorgan failure with high mortality [1, 2].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



It was one of the most frequent gastrointestinal causes of hospital admissions in the United 
States with a total of 275,000 admissions in 2009. In the United Kingdom, hospitals serving a 
population of 300,000–400,000 people admit about 100 cases each year. Patients with severe 
acute pancreatitis need ICU admission and multidisciplinary team approach for treatment. It 
increases the health care cost enormously, and those survive will live with pancreatic endo-
crine and exocrine dysfunction.

This chapter will focus mainly on severe acute pancreatitis.

2. Definition

Acute pancreatitis is an acute inflammatory process of the pancreas. It is an acute condition pre-
senting with abdominal pain and is usually associated with raised pancreatic enzyme levels in 
the blood or urine as a result of pancreatic inflammation. It is a disorder of the exocrine pancreas 
and is associated with acinar cell injury with local and systemic inflammatory responses [3].

3. Classification

There is a wide range of classifications for acute pancreatitis. The Revised Atlanta Classification 
in 2012 classified acute pancreatitis according to the severity of the disease, morphology and 
temporal relation [1, 3].

3.1. Classification according to the severity of pancreatitis

Acute pancreatitis is classified into three forms based on the severity [3].

1. Mild acute pancreatitis, which is characterized by the absence of organ failure and local or 
systemic complications.

2. Moderately severe acute pancreatitis, which is characterized by transient organ failure 
(resolves within 48 hours and without persistent organ failure >48 hours) and/or local or 
systemic complications.

3. Severe acute pancreatitis, which is characterized by persistent organ failure that may in-
volve one or multiple organs.

3.2. Classification according to the phases of pancreatitis

Temporally, two phases of acute pancreatitis are as follows:

(i) Early-first week

Only clinical parameters are important for treatment planning and are determined by the 
systemic inflammatory response syndrome (SIRS), which can lead to organ failure.
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(ii) Late-after the first week

Morphologic criteria based on CT findings combined with clinical parameters determine the 
care of the patient [4].

3.3. Classification according to the morphology of pancreatitis:

Morphologically, there are three types of acute pancreatitis as follows:

(i) Acute oedematous (interstitial) pancreatitis

(ii) Acute necrotizing pancreatitis

(iii) Haemorrhagic

Usually, the necrosis involves both the pancreas and the peripancreatic tissues, less com-
monly the peripancreatic tissues alone and rarely the pancreatic parenchyma alone [1].

The commonest cause in the western world is gallstones (50%) and alcohol (25%). Rare causes 
(<5%) include drugs (for example, valproate, steroids, and azathioprine), endoscopic retro-
grade cholangiopancreatography, hypertriglyceridaemia or lipoprotein lipase deficiency, 
hypercalcaemia, pancreas divisum and some viral infections (mumps and coxsackie B4). 
About 10% of patients have idiopathic pancreatitis, where no cause is found [5]. The aetio-
logical factors are enumerated in Table 1.

Aetiology of Acute Pancreatitis

Toxic Alcohol Methyl alcohol
Smoking
Organophosphates
Scorpion bite, certain spiders, Gila monster lizard

Mechanical obstruction/duct damage Biliary pancreatitis—Cholelithiasis, Biliary sludge
Malignancy—pancreatic, ampullary, cholangiocarcinoma
Parasitic infections—ascariasis
Periampullary diverticulum
Penetrating duodenal ulcer, Duodenal obstruction

Trauma Abdominal trauma—duct disruption

Metabolic Hyperparathyroidism
Hypertriglyceridemia
Hypercalcaemia
Diabetic ketoacidosis
End-stage renal failure
Pregnancy
Post-renal transplant

Vascular Necrotising vasculitis—SLE,
Thrombotic thrombocytopenia
Atheroma
Shock

Immune-related—Auto-immune pancreatitis Vasculitis—SLE, polyarteritis nodosa
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4. Pathophysiology

The exact pathogenesis of acute pancreatitis is unknown, and there is an ongoing research at 
the molecular level. There are many pathophysiological hypothesis put forward to explain 
the processes. These hypotheses are based on the aetiology and risk factors. The final result of 
the pathophysiological process is activation of proteolytic enzymes (intra-acinar activation of 
trypsinogen) leading to breakdown of the junctional barrier between acinar cells and leakage 
of pancreatic fluid and enzymes into the interstitial space causing autophagy and autodiges-
tion of acinar cells [2, 3]. Diagram 1 depicts the hypothetical aetiopathogenic process of acute 
pancreatitis.

Three different phases can be seen during the pathogenesis of acute pancreatitis. The first 
phase is the acinar cell damage and death. The second phase is local inflammation of the pan-
creas. The third and final phase is the SIRS. The first two phases take place in the pancreas 
itself, while in the third phase causes the distant organ damage and extrapancreatic symptoms.

Pancreatic ductal obstruction and hypersecretion have been mentioned as factors that contribute 
to the initiation of the inflammatory process. Different pathophysiological mechanisms have 
been proposed for ethanol-induced pancreatitis. Explanations like ethanol-induced direct toxic-
ity to the acinar cell, sphincter of Oddi dysfunction, hypertriglyceridaemia, free oxygen radical 
formation, and protein deposition within the pancreatic duct, which favours retrograde flow 
of enzymatic. These processes lead to activation of inflammation and membrane destruction. 
Newer hypotheses include ischaemia/reperfusion injury and enzymatic co-localisation. Post-
endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis: 1–3% develops pancre-
atitis, probably due duct disruption and enzyme extravasation. Patients at the risk of developing 
post-ERCP pancreatitis have sphincter of Oddi dysfunction or a history of recurrent pancreatitis, 
those who undergo sphincterotomy or balloon dilatation of the sphincter.

Drugs Corticosteroids, furosemide, tetracyclines, thiazides, 
oestrogen, valproic acid, Metronidazole, pentamidine, 
nitrofurantoin, erythromycin, methyldopa, ranitidine
5-ASA/salicylates, azathioprine/6-MP, didanosine, 
pentamidine, L-asparaginase

Infections

Viral: Mumps, varicella-zoster, coxsackie, HSV, HIV

Bacterial: Mycoplasma, Leptospira, Legionella

Parasitic: Toxoplasma, cryptosporidium

Fungal: As pergillus

Miscellaneous/Idiopathic Post-ERCP pancreatitis
Pancreas divisum in some patients
Ischaemia, hereditary pancreatitis is a rare familial 
condition

Table 1. Aetiology of acute pancreatitis.
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Systemic inflammatory response syndrome (SIRS) due to acute pancreatitis is because of the 
acinar cell death which releases activated pancreatic enzymes. This sets up a local inflamma-
tory response which then activates systemic inflammatory response by release of cytokines, 
tumour necrosis factor, activation of immunocytes and the complement system activation [2–5].

5. Diagnosis of severe acute pancreatitis

5.1. Clinical presentation

Symptoms of acute pancreatitis are sudden onset of severe, persistent epigastric pain with or 
without radiation to the back. Radiation to the back is seen in about 50% of patients. It may be 
relieved by sitting or leaning forwards. Some patients complain of right upper quadrant pain. 
Pain is usually associated with nausea and vomiting.

5.2. Physical examination

Signs vary according to the severity of the disease. It ranges from mild epigastric tenderness 
to a diffusely tender abdomen.

Tachypnoea, tachycardia, and hypotension may be present. Fever due to inflammatory 
response. Acute swinging pyrexia suggests cholangitis. Icterus may be seen in biliary pancre-
atitis. Cullen sign, i.e. ecchymotic discoloration in the periumbilical area and Grey Turner sign, 
i.e. ecchymotic discoloration along the flanks due bleeding into the fascial planes, but these 
signs are not specific for acute pancreatitis. Abdominal distension due to ileus, guarding in the 

Diagram 1. Aetiopathogenesis of acute pancreatitis.
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upper abdomen, free fluid may elicit shifting dullness. Pleural effusion is present in 10–20% 
of patients. Acute confusion due to metabolic derangement and hypoxaemia. Tetany is seen in 
some patient because hypocalcaemia [6, 7]

Perforated peptic ulcer, acute myocardial infarction, and cholecystitis should be rule out in 
differential diagnoses for acute pancreatitis.

5.3. Laboratory investigation

Serum amylase and lipase are both elevated in acute pancreatitis. The rise can be within 4–12 
hours. The rise of >3 times the normal upper limit is the threshold for the diagnosis of acute 
pancreatitis [6, 7].

5.3.1. Serum amylase

It is an enzyme that hydrolyses the starch. The principal sources of amylase are the pancreas, 
salivary glands and fallopian tubes. Amylase has a shorter half life of 10 hours and returns 
to normal within 3–5 days. Hyperamylasaemia is seen in many other conditions. It may be 
increased in a number of other conditions like intestinal ischaemia and perforation, parotitis 
and acute renal failure, it is a less specific marker in acute pancreatitis. Its levels begin to 
rise 6–12 hours after the onset of acute pancreatitis, and they return to normal in 3–5 days. It 
has a high sensitivity (>90%) but a low specificity (as low as 70%) for the diagnosis of acute 
pancreatitis. Normal serum amylase level will not exclude acute pancreatitis if the patients 
present late to hospital [1, 6, 7].

5.3.2. Serum lipase

It a pancreatic enzyme that hydrolyses triglycerides. Its level increases within 4–8 hours of 
the onset and peaks at 24 hours and then returns to normal after 8–14 days. The rise in levels 
should be >3 times the upper limit of normal. It has excellent sensitivity in acute alcoholic 
pancreatitis. It is more specific than serum amylase for the diagnosis of acute pancreatitis. 
It has a sensitivity and specificity of 80–100% for acute pancreatitis. The principal sources 
of lipase are pancreas. The other sources are the tongue, liver, and intestine. These enzymes 
are useful in diagnosis of acute pancreatitis, but daily levels of these enzymes add no advan-
tage in management. The levels are not useful in assessment of the severity of pancreatitis or 
decreasing levels are not marker of improvement. Simultaneous estimation of amylase and 
lipase levels does not improve accuracy [1, 6, 7].

5.3.3. Other lab data

In other laboratory investigations which help in etiological diagnosis are liver function test and 
serum triglycerides. Elevated liver enzymes, especially levels alanine transaminase Alanine 
Aminotransferase (ALT), level >150 U/L, it has a positive predictive value of 85% for gallstones. 
It will aid in diagnosis of acute biliary pancreatitis. Liver Function Test (LFT) should be done in 
all patients acute pancreatitis, patients within 24 hours of admission. C reactive Protein (CRP) 
levels will help in assessment of the severity of the disease process [5–7].

Intensive Care156



upper abdomen, free fluid may elicit shifting dullness. Pleural effusion is present in 10–20% 
of patients. Acute confusion due to metabolic derangement and hypoxaemia. Tetany is seen in 
some patient because hypocalcaemia [6, 7]

Perforated peptic ulcer, acute myocardial infarction, and cholecystitis should be rule out in 
differential diagnoses for acute pancreatitis.

5.3. Laboratory investigation

Serum amylase and lipase are both elevated in acute pancreatitis. The rise can be within 4–12 
hours. The rise of >3 times the normal upper limit is the threshold for the diagnosis of acute 
pancreatitis [6, 7].

5.3.1. Serum amylase

It is an enzyme that hydrolyses the starch. The principal sources of amylase are the pancreas, 
salivary glands and fallopian tubes. Amylase has a shorter half life of 10 hours and returns 
to normal within 3–5 days. Hyperamylasaemia is seen in many other conditions. It may be 
increased in a number of other conditions like intestinal ischaemia and perforation, parotitis 
and acute renal failure, it is a less specific marker in acute pancreatitis. Its levels begin to 
rise 6–12 hours after the onset of acute pancreatitis, and they return to normal in 3–5 days. It 
has a high sensitivity (>90%) but a low specificity (as low as 70%) for the diagnosis of acute 
pancreatitis. Normal serum amylase level will not exclude acute pancreatitis if the patients 
present late to hospital [1, 6, 7].

5.3.2. Serum lipase

It a pancreatic enzyme that hydrolyses triglycerides. Its level increases within 4–8 hours of 
the onset and peaks at 24 hours and then returns to normal after 8–14 days. The rise in levels 
should be >3 times the upper limit of normal. It has excellent sensitivity in acute alcoholic 
pancreatitis. It is more specific than serum amylase for the diagnosis of acute pancreatitis. 
It has a sensitivity and specificity of 80–100% for acute pancreatitis. The principal sources 
of lipase are pancreas. The other sources are the tongue, liver, and intestine. These enzymes 
are useful in diagnosis of acute pancreatitis, but daily levels of these enzymes add no advan-
tage in management. The levels are not useful in assessment of the severity of pancreatitis or 
decreasing levels are not marker of improvement. Simultaneous estimation of amylase and 
lipase levels does not improve accuracy [1, 6, 7].

5.3.3. Other lab data

In other laboratory investigations which help in etiological diagnosis are liver function test and 
serum triglycerides. Elevated liver enzymes, especially levels alanine transaminase Alanine 
Aminotransferase (ALT), level >150 U/L, it has a positive predictive value of 85% for gallstones. 
It will aid in diagnosis of acute biliary pancreatitis. Liver Function Test (LFT) should be done in 
all patients acute pancreatitis, patients within 24 hours of admission. C reactive Protein (CRP) 
levels will help in assessment of the severity of the disease process [5–7].

Intensive Care156

5.3.4. Imaging

The most commonly used imaging modalities in acute pancreatitis are transabdominal ultra-
sound, endoscopic ultrasound, dynamic contrast enhanced CT scan and Magnetic Resonance 
Cholangiopancreatography (MRCP). Imaging studies are not indicated for diagnosing acute 
pancreatitis as it does not predict disease severity at the time of presentation to emergency 
department. Imaging studies are indicated when there is diagnostic dilemma due to non-con-
clusive biochemical tests or because of the severity clinical condition or unexplained MODS, 
which warrants to rule out other intra-abdominal pathologies like gastrointestinal tract per-
foration and peritonitis.

It also helps in rule out other conditions during the differential diagnosis of acute pancreatitis. 
The role of CT scan and magnetic resonance imaging (MRI) lies in the detection of complications 
of acute pancreatitis, such as pancreatic necrosis, peripancreatic fluid collections or pseudocysts; 
the presence of these complications can also be used to predict the severity of the disease [6].

5.3.5. Ultrasonography

5.3.5.1. Transabdominal ultrasound

Transabdominal ultrasound is less sensitive and less useful to visualize the inflamed or 
necrotic pancreas. The distended abdomen because of the gas-filled bowel obscures the pan-
creatic view. It cannot assess the extent of necrosis.

It helps in detection of gall stones, which are found in about 50% patients with acute pancre-
atitis or dilatation of biliary tract secondary to obstruction.

Only indication of US scanning abdomen on presentation to emergency department is to rule 
out cholelithiasis as a cause for pancreatitis. Transabdominal ultrasound in later stages can 
help diagnosis of infection and therapeutic intervention-like guiding aspiration [6, 7].

5.3.5.2. Endoscopic ultrasonography

It is a combination of ultrasonography and endoscopic simultaneously. It is comparatively 
less invasive than endoscopic retrograde cholangiopancreatography (ERCP). It has a high 
sensitivity when compared to transabdominal ultrasound, especially in detecting the com-
mon bile duct microlithiasis and biliary sludge. It has a diagnostic yield of up to 88%. It helps 
in identifying patients who might benefit from endoscopic retrograde cholangiopancreatog-
raphy and its therapeutic interventions. The added advantage of endoscopic ultrasonography 
is that it can be performed beside in unstable ICU patients, pregnant women where CT is 
contraindicated, and patients with metallic implants where MRCP is contraindicated [6, 7].

5.3.5.3. CT scan

Contrast-enhanced computed tomography is the gold standard to detect necrosis and to 
grade the severity of acute pancreatitis. This imaging modality also helps detecting local 
complication. CT scan findings range from localized oedema, pancreatic tissue inflammation 
(Figure 1), necrosis to extensive peripancreatic fluid collections (Figure 2).
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Figure 2. Pancreatitic necrosis.

CT findings of acute pancreatitis are diffuse or segmental enlargement of the pancreas due to 
interstitial oedema and irregular contour. Contrast non-enhancement represents pancreatic 
necrosis which is heterogeneous in appearance, peripancreatic fluid collection. Whole pan-
creatic necrosis is rare, multifocal areas are common. Necrosis is seen seen after 96 hours from 
the start of symptoms. CT scan performed before 72 hours will underestimate the degree of 
necrosis. The necrosis pancreas is variable involving the periphery with preservation of the 

Figure 1. Oedematous pancreatitis.
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core or involving the head, body, or tail separately or in combination. The outcome depends 
on the part of the pancreas involved. Necrosis of the entire pancreas has a relatively bet-
ter outcome when compared to the head of pancreas involvement. Necrosis of the head of 
pancreas causes obstruction of the pancreatic duct there by an increase in pancreatic duct 
pressure causing to damage to acinar cells and leakage of destructive enzymes. Necrosis only 
in the distal portion of the pancreas has a favourable outcome and fewer complications [8]. 
Figure 2 shows the CT image of pancreatic necrosis.

5.3.5.4. Efficacious use of computed tomography scanning in suspected acute pancreatitis

(i) Patients in whom the clinical diagnosis is in doubt

(ii) Patients with hyperamylasaemia and severe clinical pancreatitis Figure 3 abdominal  
distension, tenderness, high fever (>39°C), and leucocytosis

(iii) Patients with Ranson’s score >3 or the acute physiology and chronic health evaluation 
(APACHE) II >8

(iv) Patients showing lack of improvement after 72 hours of initial therapy,

(v) Acute deterioration following the initial clinical improvement [8].

Figure 3. Haemorrhagic pancreatitis.
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5.3.5.5. CT severity index

The modified CT severity index is a modification of the original CT severity index devel-
oped by Balthazar and colleagues in 1994. Table 2 enumerates the details of the evaluation of 
Balthazar’s computed tomography scoring system for acute pancreatitis.

The two factors that are useful in grading the severity of pancreatitis by CT are the extent 
pancreatic necrosis and the degree of peripancreatic inflammation. CT finding of necrosis 
and peripancreatic fluid collection strongly correlates with the complications (morbidity) and 
mortality [6, 7, 9, 10].

5.3.5.6. Grades of peripancreatic inflammation

(a) Normal pancreas

(b) Focal or diffuse pancreatic enlargement

(c) Pancreatic gland abnormalities associated with peripancreatic inflammation

(d) Single fluid collection

(e) Two or more fluid collections and/or gas present in or adjacent to the pancreas [10].

Inflammatory process Grade score

Normal A 0

Focal or diffuse enlargement B 1

Contour irregularity

Inhomogeneous attenuation

Grade B plus peripancreatic haziness/
Mottled densities

C 2

Grade B, C plus one ill-defined 
peripancreatic fluid collection

D 3

Grade B, C plus two ill-defined 
peripancreatic fluid collection or gas

E 4

Necrosis

None 0 0

<30% 0 2

50% 4

>50% 6

Notes: Total score: Total points are given out of 10 to determine the grade of pancreatitis and aid treatment:
0–2: mild
4–6: moderate
8–10: severe.

Table 2. Evaluation of Balthzar’s computed tomography scoring system for acute pancreatitis.
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Repeat scanning is only indicated if there is any deterioration in clinical condition to rule out/
diagnose pancreatic necrosis, abscess or pseudocyst, haemorrhage, or bowel ischaemia or 
perforation.

5.3.5.7. Magnetic resonance imaging (MRI)

Magnetic resonance imaging (MRI) and MRCP are non-invasive imaging modalities. It has 
several advantages over CT, like no risk from radiation, can detect pancreatic duct continuity 
and parenchymal changes. It helps diagnose acute pancreatitis and identifying the aetiology 
of acute pancreatitis. MRI can accurately differentiate between necrotic and non-necrotic 
tissue.

5.3.5.8. Magnetic resonance cholangiopancreatography

It is especially useful to visualising the pancreatic duct and detecting lithiasis. MRCP is per-
formed when ERCP has failed. The advantage of MRCP over CT scan is that iodinated con-
trast agents can be avoided and thereby avoid the risk for acute kidney injury.

Disadvantages of MRI and MRCP is transportation of critically ill patients to the MRI suite 
are limited access to patient during the acquisition of images and longer time to complete the 
study.

6. Assessment of severity

6.1. Why to assess the severity of the acute pancreatitis

1. To classify the disease process.

2. To predict the level of care needed, ICU or HDU for monitoring and supportive care.

3. To predict the outcome depending the severity of the acute pancreatitis, especially the 
mortality.

4. Select patients for specialised interventions as therapy to improve the outcome.

5. If patients are managed by the nonspecialist clinicians, then the scoring system will help 
them identify patients who need consultation and transfer to specialist centre.

6. For comparisons of severity within and between patient series.

7. In research for rational selection of patients for inclusion in trials.

8. It helps in intra-, inter-departmental and patient and patient family communication—using 
the same language.

Severity assessment should be carried out within 48 hours of diagnosis of acute pancreatitis. 
Patients with a body mass index over 30 are at higher risk of developing complications.
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6.2. How to assess the severity of the acute pancreatitis

There are various scoring systems in vogue, using the clinical data, laboratory markers and 
radiological findings to assess and grade the severity of the acute pancreatitis. The scoring 
systems are of two types: one that correlates clinical features and lab indices and the other 
being the use of non-specific physiological scoring, namely, APACHE II and III. The com-
monly used scoring systems are the Ranson’s criteria, Glasgow (Imrie) scoring systems, the 
APACHE II and III scoring systems (mainly used in ICU), the Simplified acute physiology 
score, bedside index of severity in acute pancreatitis (BISAP) scoring system, and the CT 
severity index. None of the scoring systems have a high sensitivity, specificity, positive pre-
dictive value or negative likelihood ratio. The scoring systems used at present are often inad-
equate in patients with severe Acute necrotizing pancreatitis (ANP), which is characterised by 
rapidly progressive multiple-system organ dysfunction [3, 4, 10].

6.3. Ranson’s criteria

The Ranson’s criteria were introduced in clinical practice in the early 1970s. It is the most 
widely used scoring system. Note that, 11 criteria are taken into account. Table 3 enumerates 
the Ranson’s criteria for assessment severity of acute pancreatitis. They were designed after 
analysis of 100 patients with alcohol-induced pancreatitis. It makes use of a combination of 

Ranson’s Criteria

Severity assessment

On admission

• Age > 55 years

• WBC > 16,000/µL

• Glucose > 11 (200 mg/dL)

• Lactate dehydrogenase (LDH) > 400 IU/dL

• AST > 250 IU/dL

After 48 hours

• Haematocrit fall > 10%

• Increase in urea > 1.8 mmol/L (>5 md/dL)

• Calcium < 2 mmol/L

• PaO2 < 8 kPa (60 mmHg)

• Base deficit > 4 mmol/L

• Fluid deficit > 6 L

Risk factors mortality rate
0–2 < 1%
3–4 ≈ 15%
5–6 ≈ 40%
>6 ≈ 100%

Table 3. Ranson’s criteria for assessment severity of acute pancreatitis.
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clinical and biochemical parameters obtained at admission and during the first 48 hours after 
admission. It reflects the extent of metabolic derangement and estimates the risk for mortality.

Drawbacks of the scoring system are that the study was only for alcoholic pancreatitis, do not 
take into consideration the ongoing treatment and predicts high mortality which is not the 
case in today’s practice.

The Ranson’s criteria have a sensitivity 74%, specificity 77%, positive predictive value 49% 
and negative predictive value 91% [3, 4, 10].

6.4. Modified Glasgow criteria (Imrie score)

A decade after the Ranson’s criteria were introduced, a re-evaluation of those criteria was 
done and found that the eight of the criteria were most predictive of the severity and outcome. 
Table 4 enumerates the modified Glasgow criteria (Imrie score) for assessment severity of 
acute pancreatitis.

Those eight criteria were renamed as Glasgow criteria or Imrie score. It’s use is limited in 
Emergency department (ED) as some of the variables are only evaluated at 48 hours. The criteria 
excluded from the Ranson’s criteria are Lactate dehydrogenase (LDH), base deficit, and fluid def-
icit, and these were found to be least contributory in assessment of severity and outcome [9, 10].

The Glasgow (Imrie) criteria are valid for both alcohol induced  and biliary pancreatitis. A 
scores 3 or more after 48 hours of presentation indicates severe acute pancreatitis.

6.5. Other markers of severity

6.5.1. C-reactive protein

It is an acute phase reactant. It should be done after 48 hours of presentation. It can be used both 
for the assessment of severity and monitoring the progress of the disease. Levels more than 
100 mg/L late in the first week after presentation indicate that patient is developing pancreatic 

Modified Glasgow criteria

On admission

• Age > 55 years

• WBC > 15,000/ µL

• Glucose > 10 ((no history of diabetes)

• PaO2 < 8 kPa (60 mmHg)

After 48 hours

• Calcium < 2 mmol/L

• Serum albumin <32 g/L

• Lactate dehydrogenase (LDH) > 600 IU/dL

• AST/ALT > 600 IU/dL

Table 4. Modified Glasgow criteria (IMRIE SCORE) for assessment severity of acute pancreatitis.
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necrosis. Procalcitonin will help identifying the pancreatic infection. IL-6, trypsinogen activa-
tion peptide, polymorphonuclear elastase, and carboxypeptidase B activation peptide can also 
be used for assessing the severity and monitoring the progress of the disease, but these are 
either used as a research tool or not yet routinely available.

Persistent high haematocrit is also an indicator of pancreatic necrosis and organ failure. If 
initial resuscitation is inadequate, then haemoconcentration is not a useful marker [3, 4, 10].

6.6. The acute physiology and chronic health evaluation (APACHE) II scoring system

The acute physiology and chronic health evaluation (APACHE) II is (Knaus et al.) used to 
quantify the severity of the illness in ICU patients. It contains 12 continuous variables, the age 
and the pre-morbid conditions (which reflect a diminished physiological reserve). Patients 
with an APACHE II score >8 have severe acute pancreatitis and are likely to develop organ 
failure. It can be used in monitoring the patient’s response to therapy throughout the patient’s 
hospital stay unlike Ranson’s and Glasgow, which is assessed in the first 48 hours. Hence, 
it can assess both the severity and progress/deterioration. Disadvantages being that it is 
complex to perform and has been evaluated prospectively only in first 24–48 hours after the 
onset of pancreatitis. In criteria used, factors with most predictive value for mortality include 
advanced age, presence of renal or respiratory insufficiency and presence of shock. It has a 
sensitivity of 65%, specificity of 76%, positive predictive value of 43% and negative predictive 
value of 89%. APACHE III is also been used in predicting the severity of pancreatitis [10].

6.7. Bedside index of severity in acute pancreatitis (BISAP) score

BISAP score is a beside scoring system with fewer variables than Ranson’s criteria. The data 
sued in scoring are the basic data recorded during the time of admission or taken from the 
first 24 hours of the patient’s evaluation. Table 5 enumerates the criteria of bedside index of 
severity in acute pancreatitis (BISAP) score for assessment severity of acute pancreatitis. It 
is a prognostic scoring system that predicts the mortality, whereas Ranson’s score predicts 

Bedside index of severity in acute pancreatitis (BISAP) score

Scores

1 0

BUN >25 mg/dL (8.9 mmol/L) >25 mg% <25 mg%

Abnormal mental status with a 
Glasgow coma score <15

Present Absent

Evidence of SIRS (systemic 
inflammatory response syndrome)

2/4 Absent

Patient age >60 years old <60 years old

Imaging study reveals pleural 
effusion

Present Absent

Table 5. Bedside index of severity in acute pancreatitis (BISAP) score for assessment severity of acute pancreatitis.

Intensive Care164



necrosis. Procalcitonin will help identifying the pancreatic infection. IL-6, trypsinogen activa-
tion peptide, polymorphonuclear elastase, and carboxypeptidase B activation peptide can also 
be used for assessing the severity and monitoring the progress of the disease, but these are 
either used as a research tool or not yet routinely available.

Persistent high haematocrit is also an indicator of pancreatic necrosis and organ failure. If 
initial resuscitation is inadequate, then haemoconcentration is not a useful marker [3, 4, 10].

6.6. The acute physiology and chronic health evaluation (APACHE) II scoring system

The acute physiology and chronic health evaluation (APACHE) II is (Knaus et al.) used to 
quantify the severity of the illness in ICU patients. It contains 12 continuous variables, the age 
and the pre-morbid conditions (which reflect a diminished physiological reserve). Patients 
with an APACHE II score >8 have severe acute pancreatitis and are likely to develop organ 
failure. It can be used in monitoring the patient’s response to therapy throughout the patient’s 
hospital stay unlike Ranson’s and Glasgow, which is assessed in the first 48 hours. Hence, 
it can assess both the severity and progress/deterioration. Disadvantages being that it is 
complex to perform and has been evaluated prospectively only in first 24–48 hours after the 
onset of pancreatitis. In criteria used, factors with most predictive value for mortality include 
advanced age, presence of renal or respiratory insufficiency and presence of shock. It has a 
sensitivity of 65%, specificity of 76%, positive predictive value of 43% and negative predictive 
value of 89%. APACHE III is also been used in predicting the severity of pancreatitis [10].

6.7. Bedside index of severity in acute pancreatitis (BISAP) score

BISAP score is a beside scoring system with fewer variables than Ranson’s criteria. The data 
sued in scoring are the basic data recorded during the time of admission or taken from the 
first 24 hours of the patient’s evaluation. Table 5 enumerates the criteria of bedside index of 
severity in acute pancreatitis (BISAP) score for assessment severity of acute pancreatitis. It 
is a prognostic scoring system that predicts the mortality, whereas Ranson’s score predicts 

Bedside index of severity in acute pancreatitis (BISAP) score

Scores

1 0

BUN >25 mg/dL (8.9 mmol/L) >25 mg% <25 mg%

Abnormal mental status with a 
Glasgow coma score <15

Present Absent

Evidence of SIRS (systemic 
inflammatory response syndrome)

2/4 Absent

Patient age >60 years old <60 years old

Imaging study reveals pleural 
effusion

Present Absent

Table 5. Bedside index of severity in acute pancreatitis (BISAP) score for assessment severity of acute pancreatitis.

Intensive Care164

persistent organ failure. BISAP scores have the advantages over Ranson’s and Glasgow 
scores of being calculated within 24 hours of admission, use fewer variables. BISAP score is 
higher in patients having SIRS, in older patients and in patients with altered mental status. 
It has the disadvantage that it cannot easily distinguish transient from persistent organ 
failure [3, 4, 10].

Patients with a score of zero predict a mortality of less than 1 whereas patients with a score 
of 5 predict a mortality rate of 22%. The way forward may be to use a combination of the 
Ranson’s score, the radiological scoring systems and a descriptive organ failure score such as 
the sepsis-related organ failure assessment.

7. Management

Management of acute pancreatitis should be aggressive and begins early in the emergency 
department once the diagnosis is made. Initial resuscitation can affect the outcomes of acute 
pancreatitis significantly.

The treatment can be divided into three major parts as follows:

1. ICU admission and management

2. Treatment of the local complications

3. Treatment of the aetiology [2, 3, 8]

7.1. ICU/HDU admission

ICU/HDU admission is needed in patients with severe acute pancreatitis for close monitoring, 
organ support, and follow up. It is difficult to decide which patient is a candidate for ICU/HDU 
admission at the time of presentation. There is a lack of early and adequate predictors of impend-
ing organ dysfunction. But the patients present with signs of organ dysfunction like hypoten-
sion, respiratory insufficiency, coagulopathy (including Disseminated intravascular coagulation 
(DIC), and acute kidney injury are definite candidates for ICU/HDU admission. Other than 
organ dysfunction patients with severe metabolic derangements like hyperglycaemia, severe 
hypocalcaemia and patients with comorbidities like heart failure, chronic kidney disease where 
the acute on chronic organ dysfunction may develop are the candidates for ICU admission [10]

7.2. Monitoring

Monitoring a patient with acute severe pancreatitis can be divided into the following:

1. Monitoring of vital signs: Heart rate, blood pressure, respiratory rate, oxygen saturation, 
urinary output and level of consciousness

2. Biochemical evaluation of organ function: Blood gases, lactic acid, renal function test, coag-
ulation profile, haematocrit, blood glucose and serum electrolyte levels, especially calcium, 
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magnesium, and liver function test. These test may alert impending organ dysfunction, 
improvement or worsening of the organ function

3. Development of local complications like pancreatic necrosis and infection, which are 
associated with increased morbidity and mortality.

a. Pancreatic necrosis is detected by contrast enhanced CT scan

b. Pancreatic infection needs repeated contrast enhanced CT scan with CT/US guided 
fine needle aspiration

4. Intra-abdominal pressure (IAP): Intra-abdominal hypertension (IAH) is related to the 
development of complications, especially necrosis and infection, bowel oedema. High 
IAP is one indication for intervention like aspiration or surgery [6, 7, 10].

7.3. Organ support

7.3.1. Cardiovascular dysfunction: hypotension and early fluid resuscitation

Hypotension is one of the most common presentations with acute pancreatitis. It is a sign 
of impending organ dysfunction. The hypotension is due to the third space loss secondary 
to the inflammatory response, this contributes to hypoperfusion and end organ perfusion 
dysfunction. Aggressive fluid resuscitation and rapid restoration of intravascular volume are 
the main stay of the treatment. It requires several liters of fluids. Both crystalloids and col-
loids can be used as resuscitation fluids. There is no evidence that colloids have any added 
benefit over crystalloids. Among the crystalloid, use of 0.9% sodium chloride is to be avoided. 
As it causes hyperchloraemic metabolic acidosis, which is associated with renal impairment, 
infections and activation of trypsinogen in a pH-dependent manner. Lactated Ringer’s solu-
tion is a cystalloid, it is a balanced salt solution, It is fluid of choice it has been found to be 
less incidence of SIRS compared to normal saline. Both under resuscitation as well as over 
resuscitation can lead to adverse outcomes, hence very close monitoring is recommended. 
Over resuscitation can lead interstitial oedema, bowel oedema, Acute respiratory distress 
syndrome (ARDS) which can lead to organ dysfunction. Monitoring of fluids status should 
be done by physical examination (clinical condition, vital signs and urine output), volume 
responsiveness and dynamic parameters by sonography or invasive or semi invasive haemo-
dynamic parameters. Metabolic indicators like serial measurements of blood urea nitrogen 
and haematocrit [11, 12].

7.3.2. Pulmonary dysfunction

Pleuropulmonary abnormalities are commonly associated with pancreatitis, respiratory dys-
function is rarely seen at the time of presentation to Emergency department (ED) but usu-
ally develops after fluid resuscitation. It manifests as acute lung injury or acute respiratory 
distress syndrome. It is one of the major components of multiple organ system dysfunction 
syndromes. Other manifestations are bilateral infiltrates, pleural effusion, pulmonary hyper-
tension, and decreased thoracic compliance [11, 12].
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7.3.2.1. Pulmonary management

Patients with acute severe pancreatitis should be monitored closely for early detection of 
failure. Respiratory support usually initiated by supplemental oxygen and mechanical ven-
tilation is often required depending on the severity of respiratory dysfunction. Nasogastric 
decompression will decrease the distension and improve the compliance and prevent aspira-
tion. Non-invasive ventilation is poorly tolerated in most of the patients because of abdominal 
distension and reduced functional residual capacity, careful selection of patient is warranted. 
Non-invasive ventilation is good choice to start with as it may avoid endotracheal intubation. 
Acute lung injury and Acute respiratory distress syndrome (ARDS) secondary to acute severe 
pancreatitis is similar to any other condition using lung protective strategies. Pleural effusion 
may need ultrasound-guided drainage. Good analgesia will help in chest physiotherapy, early 
physiotherapy will prevent atelectasis and related complications [11, 12].

7.3.3. Pain relief

Pain is one of the symptoms of acute severe pancreatitis. It causes discomfort and height-
ened sympathetic activity, impairment of oxygenation due to restriction of abdominal wall 
movement. Effective analgesia can be provided by the use of opioids and parenteral route, i.e. 
intravenous route is the preferred route. Analgesia may improve pulmonary dysfunction. In 
the past, morphine was supposed to exacerbate acute pancreatitis by promoting contraction 
of the sphincter of Oddi and increase pressure in the sphincter of Oddi dysfunction, but there 
is no good supportive evidence. Another  modality of pain management is use of drugs like 
local anaesthetics through in epidural route [13, 14].

7.3.4. Nutrition support in acute pancreatitis

Acute pancreatitis is a catabolic and hypermetabolic pathophysiological condition. This dis-
ease process increases protein demand and the calorie requirements. This altered metabolic 
state is further deranged by poor oral intake due to pain, ileus or partial obstruction of the 
duodenum from pancreatic oedema. There are increased protein losses locally in the retro-
peritoneum due to inflammation and through pancreatic fistulae. These features may be com-
pounded by the pre-existing malnutrition, e.g. in alcohol abuse [11, 12, 13].

If malnutrition and a prolonged negative nitrogen balance are not taken care, it may result 
in poor pancreatic healing, increased risk of infection, impaired immunity, gut dysfunction 
leading to translocation of bacteria. Nutritional care and therapy along with other therapeu-
tics measures will results in faster recovery and better outcome.

Feeding during severe acute pancreatitis may be challenging. The questions to address during 
the initiation of the nutritional support are when? How? and what?

Earlier concept of feeding in acute pancreatitis: the pathogenesis of pancreatitis is assumed 
to be perpetuation of premature enzymatic activation. ‘Resting the pancreas’ the approach 
to avoid stimuli to exocrine secretion from the pancreas was thought to be most physiologi-
cal method to treat the pancreatitis. Hence, parenteral nutritional was the preferred option 
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to avoid stimulation of the inflamed pancreatic gland. The other hypothesis is that systemic 
inflammatory response syndrome is caused by the absorption of the pancreatic endotoxins and  
ultimately leads to multiorgan failure. If the gut mucosal barrier is maintained, then it reduces 
the absorption of endotoxin. The present concept of nutritional support in acute pancreatitis: the 
preferred route of nutritional support is ‘enteral route’, it should be initiated as early as possible 
within 24–48 hours of presentation. Parenteral route is second choice, especially if the presenta-
tion is severe and it is unlikely to start oral intake within the next 5–7 days. The advantages of 
the enteral feeding are improved gut blood flow, maintenance of mucosal integrity and barrier 
function there by reduction in microbial translocation and pancreatic infection, and better gly-
caemic control, avoidance of central venous access-related complications are benefits of enteral 
nutrition. There benefits are translated in lower incidence of infections, multiorgan failure and 
outcome, i.e. mortality and length of stay when compared to parenteral nutrition [11–13].

7.3.5. Route of enteral nutrition

If nutritional support is supplemented by the enteral route, then it is usually delivered by 
tube feeding. There is a controversy about nasogastric versus nasojejunal feeding. But there is 
not much evidence to support any one over the other. Though traditionally nasojejunal feed-
ings (to be delivered distal to the ligament of Treitz) have been preferred with the concept of 
less stimulation of the exocrine pancreas, cholecystokinin (CCK) cells that are present in the 
distal third part of the duodenum get stimulated when food passing through duodenum. It 
releases CCK that stimulates the pancreas and increased volume of pancreatic enzymes and 
bicarbonate secretion. This may worsen the course of the disease. Nasogastric tube feedings 
have now been shown to as safe as the jejunal feeding. Nasogastric insertion can be at bedside. 
Fluoroscopy endoscopic (endoscopically placed guide wire) and specialist help is not needed. 
With the Nasogastric (NG) feeding, the standard precautions of aspiration like elevation of 
head end of bed should be followed.

The indication for nasojejunal feeds is when patients cannot tolerate gastric feeding due to 
ileus and slow bowel transit time. Nasojejunal (NJ) tube placement needs fluoroscopy, endo-
scopic, and specialist help. NJ tube may get displaced back into the stomach. Prokinetics and 
right-lateral positioning pass the tube through the into-duodenum. The correct positioning of 
the tube should be ascertained regularly by radiography [2, 7, 13].

7.3.6. Enteral nutritional supplements

No specific enteral nutrition supplement or immunonutrition formulation had any advantage. 
Low fat formulas with medium-chain triglycerides should be used enteral because it helps in 
better assimilation by direct absorption into the portal vein as there is lipase deficiency.

7.3.7. Complications of nutritional therapy

The common complications are metabolic and splanchnic. They are as follows:

Hyperglycaemia: Beta-cell death, peripheral insulin resistance irrespective of the route of 
feeding, needs monitoring of serum glucose and use IV insulin.
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the tube should be ascertained regularly by radiography [2, 7, 13].

7.3.6. Enteral nutritional supplements

No specific enteral nutrition supplement or immunonutrition formulation had any advantage. 
Low fat formulas with medium-chain triglycerides should be used enteral because it helps in 
better assimilation by direct absorption into the portal vein as there is lipase deficiency.

7.3.7. Complications of nutritional therapy

The common complications are metabolic and splanchnic. They are as follows:

Hyperglycaemia: Beta-cell death, peripheral insulin resistance irrespective of the route of 
feeding, needs monitoring of serum glucose and use IV insulin.
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Hypertriglyceridemia is usually due to overfeeding. Monitor serum triglyceride level and 
titrate fat content.

Feed intolerance: Monitor abdominal pressure, bowel distension, residual volume and diar-
rhoea. Displacement of NJ tube [2, 9].

8. Pathogenesis of pancreatic infection and antibiotic prophylaxis

Infection is common in pancreatic necrosis, it occurs in approximately 40–70% of patients. 
Infection causes an increase in morbidity and mortality. There are various theories proposed 
for the mechanisms of infection in severe acute pancreatitis, namely bacterial translocation from 
the colon, via the biliary tree, especially in biliary pancreatitis, bacterial migration through the 
pancreatic duct from the lumen of the duodenum and haematogenous spread from bacteraemia 
due to other causes like infected central venous lines [5, 9, 10].

8.1. Role of antibiotic prophylaxis in severe acute pancreatitis

Prophylactic antibiotics in severe acute pancreatitis have been a topic of debate in the last 4–5 
decades. Pancreatic necrosis more than 30% increases the chances of infection. The right choice 
of antibiotics is very important, those which have high penetration into pancreatic tissue. 
Carbapenems are both broad spectrum and excellent pancreatic penetration properties. Other 
antibiotics, which penetrate well in the pancreatic tissue, are cephalosporin, ureidopenicillins, 
fluoroquinolones, metronidazole and imipenem. Aminoglycosides have a poor penetration abil-
ity. Patients with mild pancreatitis do not benefit from antibiotics. In a meta-analysis by Sharma 
et al. [16], use of prophylactic antibiotics has shown mortality benefit in patients with Acute 
necrotizing pancreatitis (ANP) confirmed by contrast-enhanced CT (21–12.3%). Ref. [15, 16] pro-
phylactic antibiotics use has not shown to decrease the need for interventional and surgical man-
agement but no effect on mortality.

8.2. Prophylactic antifungal therapy

Fungal infection in severe acute pancreatitis is associated with high morbidity and mortality.

It has been noted that the incidence depends on the severity of the disease, extent of necro-
sis and use of broad spectrum antibiotic administration. Prophylactic use of fluconazole has 
shown to be effective in decreasing the morbidity but not the mortality [10].

9. Treatment of local complications

9.1. Pancreatic necrosis and abscess

The presence of non-viable tissue in the pancreatic parenchyma, which is detected by the 
non-enhancement on the contrast-enhanced CT, is called as pancreatic necrosis. It can be focal 
or diffuse with associated peripancreatic involvement. It can be sterile necrosis or get infected 
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in approximately 70% of the cases. The diagnosis of infection of the necrotic pancreas is diffi-
cult. Infected necrosis is diagnosed in the patients who show no signs of improvement, signs 
of sepsis (leukocytosis and fever are confounded by the SIRS), worsening of clinical condi-
tion, especially after improvement. The lab data to confirm the infection of the necrotic pan-
creatic tissue are not reliable. Biomarker like CRP is usually high in severe acute pancreatitis, 
but procalcitonin can be used as a marker, but still it is not specific because in patients who 
are critically ill, there are other infection like Central Line-associated Bloodstream Infection 
(CLABSI), Ventilator-Associated Event (VAE) (Ventilator-Associated pneumonia (VAP)), 
Catheter-associated Urinary Tract Infections (CAUTI), etc. wherein procalcitonin is raised.

The best method to confirm the diagnosis of infected pancreatic necrosis is CT/US guided fine 
needle aspiration, Gram’s staining, and culture. Multiple samples from all pockets should 
be taken or sampling needs to be repeated. Pancreatic abscess is a collection of pus in close 
proximity to pancreatic necrosis, which develops as a local infection of the necrotic pancreatic 
tissue after severe acute pancreatitis.

9.2. Management of sterile pancreatic necrosis

Sterile pancreatic necrosis is usually managed conservatively (non-operatively). Earlier in the 
1990s, all necrotic pancreatitis use to undergo necrosectomy. Surgical intervention in sterile 
pancreatic necrosis may increase the risk of infection and thereby an increase in the mortal-
ity. Patients with sterile pancreatic necrosis need close observation for evidence of infection. 
In selected patients with extensive necrosis may need surgical intervention if they do not 
improve for more than 6–8 weeks [3, 8, 11, 12].

9.3. Management of infected pancreatic necrosis pancreatic necrosis and abscess

Infected necrotic pancreatitis requires debridement and there is a consensus on surgical inter-
vention in such cases. There is still a controversy about the best approach for debridement of 
the infected necrotic pancreatic tissue.

The aim of the intervention is removal of the infected necrotic substance. To achieve this goal, 
there are several techniques suggested. It ranges from drainage, debridement, lavage laparos-
copy to laparotomy and packing.

9.4. Percutaneous drainage

• Anterior

• Retroperitoneal

This can be done when there are infected fluid collections or pus. It will be difficult to drain 
if it is just infected necrotic tissue or fluid/pus is too viscous. It has to be done CT/US guided 
and needs expertise. Complications are rare in expert hands. Usual complications with per-
cutaneous drainage are bleeding, viscous perforation, fistula formation and super infection 
[3, 11, 12].
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9.5. Surgical debridement/necrosectomy

• Minimally invasive

• Open surgical

These procedures can be performed transperitoneal or retroperitoneal which is decided on the 
location of necrosis and collections. Some patients need multiple sitting and planned relaparot-
omies. The open surgical approach carries higher risk of morbidity and mortality when com-
pared to laparoscopic technique. There is higher risk of bleeding, perforation multiple organ 
failure, enterocutaneous fistula, incisional hernia, and new-onset diabetes mellitus [13, 14]

9.6. Management of the etiological factor

There is very few or nothing to do for the etiological management other than biliary pancreati-
tis. The treatments depend on the severity of the pancreatitis. In severe pancreatitis, there is no 
role of surgery. Surgery increases the morbidity and mortality. ERCP (endoscopic retrograde 
cholangiopancreatography) with sphincterotomy is indicated in patients with acute cholan-
gitis. This will help in decreasing the pressure in pancreatic duct and lessens the severity of 
the disease. ERCP with sphincterotomy decreases the morbidity but not the mortality [13, 14].

10. Prevention of acute pancreatitis

Change in dietary habits and consumption of balance diet will prevent the gall stone for-
mation, earlier cholecystectomy will prevent the recurrence of pancreatitis. Regular exercise, 
avoiding the high caloric intake, regular use of low fat diet will control the serum triglyceride 
levels and early introductions of statins will help in preventing the hyperlipidaemia associ-
ated pancreatitis. Moderation in alcohol intake will reduce the incidence of alcoholic pancre-
atitis [13, 14].
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Chapter 9

Sepsis in Children

Selim Öncel

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/68013

Abstract

Sepsis is systemic inflammatory response syndrome due to a documented or sus-
pected infection. Causative agents of sepsis include group B streptococcus, Escherichia 
coli, and Listeria monocytogenes in infants younger than 2 months, and community‐
acquired organisms. Bacteremia may ensue in patients whose defense mechanisms 
have become vulnerable due to many factors. Sepsis and septic shock can be viewed 
as clinical pictures, which develop as consequences of proinflammatory processes/
cytokines leading to a state that cannot be restrained by anti‐inflammatory processes/
cytokines. As yet, a cytokine, which is uniquely associated with severe sepsis and 
septic shock and can be used as a biomarker, has not been discovered. Sepsis is a 
cytokine storm, which may adversely affect almost any organ system. Whether there 
is an association between the severity of sepsis or septic shock and cytokine gene 
polymorphisms is an important field of study. Mottled skin and prolongation of cap-
illary refill time may help the physician recognize septic shock before hypotension 
emerges. The management of severe sepsis and septic shock involves (1) the hemo-
dynamic support, (2) inotropes, vasopressors, and vasodilators, (3) antimicrobial 
therapy, (4) transfusions, and (5) corticosteroids as indicated. Hospital mortality of 
pediatric sepsis is 2–10%.

Keywords: sepsis, pediatrics, cytokines, sepsis‐associated encephalopathy, systemic 
inflammatory response syndrome, neonatal sepsis

1. Introduction

Although sepsis can affect any individual at any time during her/his lifetime, it is more apt to 
occur and be destructive at the extremes of life, the very old and the very young.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



It is sometimes referred to as “blood poisoning” in anglophone countries and in various man-
ners elsewhere (e.g., “microbe in blood” in Turkey). The sepsis is the body’s deadly response 
to infection. Once sets in, sepsis can progress to septic shock and death if left untreated. One‐
third of people who develop sepsis die worldwide. These deaths occur more frequently in 
economically developing countries [1].

This chapter deals with pediatric sepsis with much greater emphasis on beyond neonatal 
period.

2. Definitions

Systemic inflammatory response syndrome (SIRS) is defined as two or more of the following 
items, one of which has to be the one marked with an asterisk (*) [2]:

1. Body core temperature of higher than 38.5°C or lower than 36°C*.

2. Except leukopenia caused by chemotherapy, a leukocyte count exceeding or lower than 
normal limit for age or immature leukocyte count above 10% of total leukocyte count*.

3. Abnormal heart rate:

(a) In children 1 year of age and over

• Average heart rate in excess of two standard deviations from the age normal in the 
absence of external stimuli, long‐term drug use, or painful stimuli

• Persistent elevation in heart rate in 24 h without any other explanation

(b) In children less than 1 year of age

• Average heart rate below 10th percentile for age in the absence of external vagal 
stimulus, beta‐blocker, or congenital heart disease

• Persistent depression in heart rate in half an hour without any other explanation

4. Average respiratory rate of more than two standard deviations above normal for mechani-
cal ventilation that is being carried out for an acute process irrelevant of general anesthesia 
or an underlying neuromuscular disease.

Sepsis is SIRS due to a documented or suspected infection [2–5].

Organ dysfunction definitions are explained below:

1. If at least one of the following items is present despite isotonic intravenous fluid bolus (≥40 
mL/kg in 1 h), this is called cardiovascular dysfunction [2]:

(a) Criteria for drop in blood pressure:
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• Blood pressure is below fifth percentile for age OR.

• Systolic blood pressure below two standard deviations of normal for age.

(b) Vasoactive drugs required for maintaining normal blood pressure (5 μg/kg/min dopa-
mine or dobutamine of any dosage, epinephrine, or norepinephrine).

(c) Presence of more than two of the following items:

• Unexplained metabolic acidosis with a base deficit of more than 5 mmol/L.

• Arterial lactate concentration of more than two times the upper limit.

• Urine output of less than 0.5 mL/kg/h.

• Capillary refill time of more than 5 s.

• The difference between core and peripheral temperature of more than 3°C.

2. If at least one of the following items is present, this is called respiratory dysfunction [2]:

(a) Arterial oxygen partial pressure (PaO2)/inspired oxygen fraction (FiO2) ratio of less 
than 300 in the absence of pulmonary disease or cyanotic heart disease.

(b) Initial measurement of arterial carbon dioxide partial pressure (PaCO2) above 65 Torr 
or 20 mmHg.

(c) Proven requirement for maintaining the saturation at or above 92% or FiO2 of more 
than 50%.

(d) Nonelective invasive or noninvasive mechanical ventilation requirement.

3. If at least one of the following items is present, this is called neurological dysfunction [2]:

(a) Glasgow Coma Score of 11 or less.

(b) Acute change in mental status together with a drop of Glasgow Coma Score of three or 
more points from abnormal baseline value.

4. If at least one of the following items is present, the situation is called hematological dys-
function [2]:

(a) International normalized ratio (INR) above 2.

(b) Platelet count below 80,000/μL or has decreased 50% from the highest value recorded 
in the last 3 days (for chronic hematology‐oncology patients).

5. Renal dysfunction is serum creatinine concentration of two times the upper limit for nor-
mal or more or twofold increase in baseline serum creatinine [2].
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6. The presence of at least two of the following items is called liver dysfunction [2]:

(a) Alanine transaminase (ALT) concentration of two times the upper limit for age.

(b) Total bilirubin concentration of 4 mg/dL or more (not applicable for newborns).

For establishing the diagnosis of acute respiratory distress syndrome (ARDS), the following 
criteria should be met [2]:

• PaO2/FiO2 ratio <200 mmHg.

• Bilateral infiltrates on chest X‐ray.

• Acute onset.

• No sign of left heart failure present.

If, in addition to sepsis, there is cardiovascular organ dysfunction, ARDS, or two or more 
other organ dysfunctions, this situation is called severe sepsis [2].

3. Causative agents

Sepsis may be a consequence of infections due to bacteria, viruses, fungi, or parasites. 
Causative agents of sepsis include group B streptococcus, Escherichia coli, Listeria monocyto-
genes in infants younger than 2 months of age, and community‐acquired organisms like S. 
pneumoniae and Neisseria meningitidis in children of 1–2 years. In a Canadian study of 6‐year 
duration, the most common pathogens in bloodstream infections of childhood were S. pneu-
moniae, Staphylococcus aureus, and E. coli [6].

4. Pathophysiology

The site of infection, as the cause of sepsis, varies according to age. In infants, it is usually 
primary bacteremia. There is respiratory tract infection in nearly half of older children with 
sepsis [7].

Since sepsis is defined as SIRS, or in other words, pathological changes in body tempera-
ture, heart, or respiratory rates, and leukocyte count in the presence of proven or suspected 
 infection, it would be prudent that we review the pathogeneses of the components of SIRS 
and infection that form sepsis and changes due to organ dysfunction in severe sepsis sepa-
rately [2, 8].

4.1. Formation of infection

One of the most important clinical situations causing sepsis and septic shock is bacteremia. 
Bacteria must pass through the dermal or mucosal barrier in order that bacteremia takes place. 
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The pathogenesis of bacteremia is closely associated with the self‐defense of the host and the 
characteristics of the bacteria. Organisms like S. pneumoniae, N. meningitidis and Haemophilus 
influenzae type b, which form a part of nasopharyngeal flora, cause bacteremia by overcoming 
mucosal defense systems with the aid of facilitating factors like upper respiratory infections. 
N. meningitidis is taken into the cylindrical epithelial cell with phagocytosis. After traversing 
the cytoplasm in the phagosome, it passes into subepithelial tissues. H. influenzae type b passes 
into subepithelial tissues by clinging to the epithelial cell and loosing the intercellular tight 
junctions making its way toward pharyngeal capillaries. S. pneumoniae attaches to specific 
receptors by means of which it enters the cell. The number of platelet‐activating factor recep-
tors located on surfaces of respiratory epithelial cells increases during viral infections. These 
receptors serve as attachment sites for pneumococci. Gram‐negative organisms that are a part 
of gut flora also attach to specific receptors. Pili and adhesins on the microorganism surface 
play a pivotal role in this attachment. Pili were also shown to be important in the pathogenesis 
of sepsis caused by Streptococcus pyogenes, Group B streptococcus, and S. pneumoniae [9].

Bacteremia may ensue in patients whose defense mechanisms have become vulnerable due to 
many factors. The examples are as follows:

• With the intubation of an intensive care patient, protease activity increases whereas cell‐
bound fibronectin diminishes rendering cell surface receptors “sheathless,” which make 
them ideal binding sites for predominantly Gram‐negative bacteria of gut flora [9].

• Viridans streptococci, elements of oral flora, may cause bacteremia in neutropenic children 
who have severe oral mucositis and receiving antineoplastic chemotherapy.

• Gram‐negative gut bacteria cause bacteremia by traversing the gut mucosa (translocation), 
whose integrity has been disrupted by antineoplastic drugs.

• Staphylococci, thanks to their ability to adhere to hard surfaces, cause catheter‐related bac-
teremia by colonizing in catheter lumina.

4.2. The process of cytokine synthesis

The word “cytokine” is made up of two Greek words, “cyto‐” (cell) and kinos (movement). 
The cytokine concept was introduced to scientific world by Barry Bloom and John David, who, 
being unaware of each other’s similar research, discovered a cytokine, known as macrophage 
migration inhibitor factor today. Although cytokines were once classified as lymphokines, 
interleukins, and chemokines, according to their functions, and target and release sites, such a 
classification is avoided due to the abundance and substitution characteristics of cytokines [10].

Every cytokine has a corresponding cell surface receptor, with the stimulation of which begin 
signaling cascades, as a consequence of which some genes are upregulated or downregulated. 
In the end, either other cytokines or cell receptors for various molecules are synthesized, or 
the rate of synthesis of these substances decreases [10].

Sepsis and septic shock can be viewed as clinical pictures, which develop as consequences of pro-
inflammatory processes/cytokines leading to a state that cannot be restrained by anti‐ inflammatory 
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processes/cytokines (Table 1). The human body responds in a pathological manner to infec-
tion, which is a pathological situation itself. The occurrence of sepsis or immune compromise 
depends on whether systemic inflammatory response or its opposite end, compensatory anti‐
inflammatory response syndrome, predominates the inner environment as a response to infec-
tion. Compensatory anti‐inflammatory response syndrome is a clinical entity, which progresses 
primarily with T‐helper depression due to catecholamine discharge and apoptosis of splenic 
B‐ lymphocytes [11].

When the causative organism enters the body, nonspecific (innate) immune system is stimu-
lated. Mammals perceive the pathogen by means of pattern‐recognition receptors, the most 
important and evolutionally the oldest of which are Toll‐like receptors (TLRs), found in 
insects, plants, and mammals. TLRs are transmembrane proteins, so‐called because of their 
similarity to a product protein of the gene Toll, which is named after the remark (“Das ist ja 
toll!” (“That’s really cool!”)) by Nobel Prize in Physiology or Medicine winner (1995) Christina 
Nüsslein‐Volhard, who has reportedly shouted out as so in surprise when she realized a 
Drosophila melanogaster (common fruit fly) had assumed an amazing appearance as a result of 

Proinflammatory Anti‐inflammatory

TNF‐α IL‐1Ra

IL1b, IL‐2, IL‐6, IL‐8, IL‐15 IL‐4

Neutrophil elastase IL‐10

IFN‐γ IL‐13

Thromboxane Type II IL‐1 receptor

Platelet‐activating factor Transforming growth factor‐b

Vasoactive neuropeptides Adrenaline

Phospholipase A2 Soluble TNF‐α receptors

Plasminogen activator inhibitor‐1 Leukotriene B4‐receptor antagonist

Prostaglandins

Prostacyclin

Free radicals

Soluble adhesion molecules

Tyrosine kinase

Protein kinase

H2S

NO

High mobility group box 1 protein

TNF: tumor necrosis factor, IL: interleukin, IFN: interferon.

Table 1. Major proinflammatory and anti‐inflammatory mediators [12].
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polymorphism of one of its proteins [13]. Transmembrane proteins have their extracellular, 
transmembrane, and intracellular parts. Humans have at least 10 different TLRs [14]. TLRs 
are found in abundance on leukocytes, macrophages, and some kinds of endothelial cells 
[11]. It is noteworthy that some TLRs are found on cytoplasmic membrane and some on the 
membrane of endocytic vesicules. These receptors recognize many organisms, from bacteria 
to fungi, and from protozoa to viruses. Although a part of nonspecific immune system, TLRs 
vary with respect to the patterns concerning the component of the organism they recognize. 
For instance, whereas TLR4 is unique in recognizing lipopolysaccharide of Gram‐negative 
bacteria, mannan of Candida albicans, and glucuronoxylomannan of Cryptococcus neoformans, 
glycosylphosphatidylinositol moieties of Plasmodium falciparum are recognized by either TLR4 
or TLR2. Hemozoin of P. falciparum is exclusively recognized by TLR9 [15].

Stimulated TLRs cause many protein kinases to be phosphorilized, in other words, become 
active. Reactions of these highly complex biochemical pathways take place in cytosol or 
endosome. Some of the biochemical pathways are dependent on a mediator molecule named 
MyD88, and some are not. For example, proinflammatory cytokines in sepsis and septic 
shock are released in a MyD88‐dependent pathway. The end products of these pathways 
(nuclear factor kappa B (NFκB), interferon regulatory factor 3 (IRF3)) traverse the nuclear 
membrane and induce related genes by adhering to promotor regions of deoxyribonucleic 
acid (DNA). NfκB activity is inhibited by the most‐studied heat‐shock protein HSP70, which, 
thus,  diminishes the inflammatory response. HSP70 reduces the damage caused by excessive 
inflammation by decreasing apoptosis and preserving cell proteins [16].

Significant information has been obtained with the study of inflammatory processes, espe-
cially those induced by Gram‐negative bacteria. Septic shock occurs via similar mechanisms 
with Gram‐positive organisms. Here, instead of lipopolysaccharide, which is found in abun-
dance in Gram‐negative organisms, less potent cell wall molecules, such as peptidoglycan 
and teicoic acid, cause similar inflammatory responses.

Gram‐negative bacteria have a thin cell wall made up of a single layer of peptidoglycan, out 
of which there is a cell membrane consisting of lipopolysaccharide, which is a strong stimula-
tor of immune response. The lipopolysaccharide molecule has three main components [17]:

1. Lipid A is responsible for the biological activity of endotoxin. Its structure is almost the 
same in different strains.

2. Core polysaccharide is made up of oligosaccharides, but its structure is highly diverse 
among species, even within strains.

3. Oligosaccharide side chains vary among strains. It consists of repeating units (e.g., 40 
repetitions in O antigen) and is the moiety which provides the O antigen its antigenic 
specificity.

Lipopolysaccharide first binds to lipopolysaccharide‐binding protein (LBP) in plasma. LBP‐
lipopolysaccharide complex binds to CD14 molecule on the plasma membrane. This new 
complex binds to TRL4/MD (“myeloid differentiating factor”)‐2, which is also on the plasma 
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membrane [18]. This structure, activating various protein kinases, as outlined above, causes 
cytokine release when the end products bind to promotor regions on DNA [19].

There are countless cytokines playing roles in sepsis and septic shock. These mediators, caus-
ing release of each other, create an enormous mediator cascade. The mediator cascade is initi-
ated by the stimulation of tumor necrosis factor (TNF) (cachectin) production by stimulators 
like lipopolysaccharide, C5a, viruses, and enterotoxins. TNF appears to be the main cytokine 
initiating and playing a pivotal role in the progression of the mediator cascade. TNF, released 
from many cells, such as monocytes, macrophages, natural killer cells, microglial cells, and 
hepatic Kupfer cells, causes countless mediators (e.g., interleukin(IL)‐1β, IL‐6, eicosanoids, 
platelet activation factor) to spill into blood in an uncontrolled manner resulting in a very 
severe inflammatory response and endothelial damage. However, there are many cytokines, 
the productions of which do not necessitate the presence of TNF [20]. As a consequence of this 
process, typical signs of endotoxic shock will show up. Some of the cytokines released (e.g., 
TNF‐α, IL‐1, and IL‐6) cause free oxygen radical and protease release from other immune 
system cells, such as neutrophils, prostanoids leukotrienes, thromboxanes, nitric oxide, and 
endothelin from endothelial cells. Some of these substances are useful in killing bacteria but 
some (e.g., nitric oxide) are known to cause mitochondrial dysfunction by deactivating the 
catecholamines in the circulation. Mediators, whose release is induced by lipopolysaccharide, 
increase nitric oxide synthase II production and thus nitric oxide (endothelial‐origin relaxation 
factor) production. Nitric oxide is a potent vasodilator and is the primary substance respon-
sible for the hypotension in septic shock. Besides, nitric oxide causes vasodilation, which in 
turn causes diminished perfusion pressure in capillary network and blood flow by opening 
collateral channels. Decreased capillary flow results in organ hypoxia despite high blood flow 
because of vasodilation.

We have enough knowledge on how sepsis and septic shock develop, but it is surprising 
that only a few histopathologic changes concerning cell death are present in patients who 
have died of severe sepsis. Apart from cellular apoptosis in spleen and intestines, myopathic 
changes in skeletal muscle, and changes in vascular morphology in meningococcal sepsis, 
there is no serious sign of necrosis in main organs.

Then, studies have concentrated on microcirculation and mitochondrial dysfunction, and 
theories on how adenosine triphosphate (ATP) production can decrease under normal, even 
supranormal oxygen partial pressures, have been put forward. These theories include dimin-
ished pyruvate entry into tricarboxylic acid cycle, activation of poly‐(ADP‐ribose) polymerase, 
and uncoupling of oxidation from phosphorylation. Another cause of tissue hypoxia is nitric 
oxide’s combining with free oxygen radicals (O2

−) to form peroxynitrite (ONOO−) resulting in 
reversible or irreversible binding of these three substances to proteins in the electron transport 
chain, such as succinate dehydrogenase and cytochrome c oxidase. As a result, ATP produc-
tion decreases, being unable to meet the needs of the energy‐consuming cell, and cell death 
takes place. This process accounts for the unexpectedly few histopathologic changes in autop-
sies. Complement system is activated through contact with bacterial molecules or binding of 
proteins, such as antibody or mannose‐binding lectin, to these molecules. Complements like 
C3b and C5a cause migration of leukocytes and increase inflammation [11].
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The balance between thrombogenesis and thrombolysis has been disrupted in sepsis. There 
is endothelial damage due to direct effect of microorganisms, cytokines, and fibrin deposition 
triggered by endothelial dysfunction. As a result of this, a process of simultaneous thrombo-
ses and bleedings, which is known as consumption coagulopathy or disseminated intravascu-
lar coagulation (DIC), develops. DIC is more frequently encountered in Gram‐negative sepsis 
(e.g., meningococcal sepsis) than in Gram‐positive sepsis. The most common complications of 
DIC are thromboses of great vessels, liver infarction, acute renal failure, cerebral hemorrhage, 
and cerebral infarction [21].

4.3. Cytokines as sepsis biomarkers

TNF, IL‐1b, and IL‐6 are the first cytokines to regulate the initial response of the innate 
immune system. TNF and IL‐1b activate endothelial cells and attract the granulocytes in cir-
culation to inflammation site. TNF and IL‐1b cause fever and other systemic signs by entering 
the circulation. IL‐6 increases the production of what is known as acute phase proteins (e.g., 
C‐reactive protein) in liver and more granulocytes in bone marrow. As can easily be seen, 
TNF, IL‐1b, and IL‐6 are responsible for the formation of SIRS and could be thought of being 
used as sepsis biomarkers [22].

TNF and IL‐1b concentrations increase in endotoxin‐associated Gram‐negative sepsis. TNF 
or IL‐1b administration to laboratory animals is as effective in the formation of septic shock 
as the endotoxin itself, but in clinical studies, TNF and IL‐1b could not be used as sepsis bio-
markers because

• TNF concentrations before anti‐TNF antibody treatment do not affect the outcome.

• IL‐1b does not rise as TNF does.

Of the three cytokines mentioned above, IL‐6 has attracted the most attention. The causes of 
this include

• The role of IL‐1b, IL‐1a, and the receptor antagonist of IL‐1 in the development of sepsis is 
debated [22].

• The relatively higher reliability of measurement of the plasma concentration of IL‐6.

• The usability of IL‐6 in the diagnosis and treatment of autoimmune rheumatologic diseases.

• The availability of commercial immunoassay kits, contrary to TNF and IL‐1b.

Nevertheless exactly as in TNF and IL‐1b, IL‐6 is not specific to sepsis and its role as sepsis 
biomarker is prognostic, rather than diagnostic. In many studies, rise in IL‐6 concentration is 
associated with higher mortality. This characteristic can be used to detect patients who may 
benefit from therapy [22].

Since the clinical signs of sepsis in neonates are very subtle and nonspecific, predictive bio-
markers are needed, particularly in economically developing countries, where the incidence, 
morbidity, and mortality of early neonatal sepsis (ENS) (sepsis diagnosed less than 72 h after 

Sepsis in Children
http://dx.doi.org/10.5772/68013

181



birth) are particularly high. Evidence published to date is still far from convincing the physi-
cian to use procalcitonin as a biomarker for routine use in clinical practice as a risk stratifier 
and a prognostic predictor or even to guide the duration of antibiotic treatment and bedside 
decision making [23]. The results of a new study by He et al. indicate that elevated IL‐27 
strongly correlates with ENS and may provide additional diagnostic value along with pro-
calcitonin [24].

The usage of IL‐6 and LBP in pediatrics is also promising. In newborns with late sepsis risk, 
IL‐6 rises 48 h before bacterial sepsis becomes clinically manifest [25]. Initial high IL‐6 con-
centrations predict future septic shock in hospitalized children [26]. Initial high IL‐6 concen-
trations foretell high risk of septic shock and mortality in pediatric burn patients [27]. LBP 
points to invasive bacterial infections and bacterial infections in children and newborns over 
28 weeks of gestational age, respectively [28–30]. LBP can differentiate between SIRS and ENS 
in newborns within the first 48 h of their lives [30].

While homing chemokines serve to regulate adaptive immune system, especially in second-
ary lymphoid tissue, proinflammatory chemokines attract granulocytes and monocytes to the 
site of inflammation and promote their extravasation. Chemokines, thanks to these proper-
ties, can be used as biomarkers in sepsis, and some of them have been shown to be superior to 
IL‐6 in that aspect. Examples are IL‐8 (in the diagnosis of sepsis) and monocyte chemoattrac-
tant protein (MCP)‐1 (in the determination of sepsis mortality) [31]. According to the results 
of a study, among 17 cytokines (IL‐1β, IL‐2, IL‐4, IL‐5, IL‐6, IL‐7, IL‐8, IL‐10, IL‐12, IL‐13, 
IL‐17, interferon‐γ, granulocyte colony‐stimulating factor, granulocyte‐macrophage colony‐
stimulating factor, MCP‐1, macrophage inflammatory protein‐1, and TNF‐α), the cytokines 
most closely associated with organ dysfunction within 24 h are IL‐8 and MCP‐1 [31]. As yet, a 
cytokine which is uniquely associated with severe sepsis and septic shock and can be used as 
a biomarker has not been discovered [32].

4.4. Effect of cytokine storm on tissues and organs

• Cardiovascular system

Myocardium is depressed in septic shock. The reason for this depression is not hypo-
perfusion, but depressing cytokines like TNF and IL‐1β in the circulation. Ventricules 
dilate and ejection fraction drops. As a result, hypoperfusion ensues in peripheral tis-
sues. Peripheral hypoperfusion and hypoxia lead to overproduction of lactic acid, which 
is another myocardial depressor. This chain of events persists as a vicious cycle [21].

• Respiratory system

Alveoli are diffusely damaged because of circulating endotoxins. In the exudative phase 
of this damage, proteinaceous edema fluid accumulates in alveoli, and type I epithelial 
cells are injured. In this clinical picture, which is also known as shock lung, alveolar 
collapse, hemorrhage, edema, hyaline membrane formation, which is made up of fibrin 
and necrotic epithelial cells on epithelial surfaces of respiratory bronchioles and alve-
olar ducti, and neutrophil accumulation in alveolar capillaries occur. Unless treated, 
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severe pulmonary edema develops despite low central venous pressure, and as a result, 
 ventilation‐perfusion mismatch ensues. This clinical picture is called ARDS. In the 
regeneration phase, healing occurs via return to normal structure or pulmonary fibrosis. 
Lost type 1 cells are replaced by proliferating type 2 cells. Superimposing infections and 
barotrauma due to mechanical ventilation worsen respiratory system functions [21].

• Kidneys

Nitric oxide disrupts blood distribution in renal medulla and cortex. With the effect of 
nitric oxide and cytokines, renal tubule function, which requires high energy input, dete-
riorates due to decreasing ATP production. As a consequence of hypotension, increase 
in the release of endothelin, which is a vasopressor hormone, and activation of renin‐
angiotensin‐aldosterone system pave the way to sodium and water retention, which 
makes a ground for renal failure. Neutrophil adhesion and microthrombi further dimin-
ish the glomerular filtration rate. The question of why renal failure in sepsis, despite 
anuria and despite its presence even in patients who die of sepsis, can develop without 
acute tubular necrosis and why it takes renal function so long (months) to return to nor-
mal while systemic inflammation has already disappeared and circulatory function has 
returned to normal still stands as an enigma and awaits to be elucidated [11, 21].

• Central and peripheral nervous system

The most important one among the effects of sepsis on central nervous system is sepsis‐
related encephalopathy and critical illness polyneuropathy. The causes of encephalopa-
thy include disruption of blood‐brain barrier, coagulopathy‐related cerebral hemorrhage, 
microinfarctions, hypoxic‐ischemic encephalopathy, metastatic brain abscesses, menin-
gitis, and cytokine storm. While this clinical entity, which manifest itself with delirium 
and confusion, is often reversible, it may lead to self‐mutilism of the patient in intensive 
care and development of cognitive and behavioral dysfunction in the long term.

The diagnosis of this clinical picture, which manifests itself also with flaccid paralysis 
and loss of deep tendon reflexes, is usually made only during or after separation of the 
patient from ventilator due to encephalopathy, administration of neuromuscular drugs, 
and the unfavorable general situation of the patient. Prognosis varies according to the 
severity of illness and patient’s age. Muscle weakness may last for months [21].

• Gastrointestinal system

Gastrointestinal system is negatively affected by sepsis due to hypoperfusion. Gastro‐
intestinal bleeding may ensue as a consequence of splanchnic hypoperfusion, increase in 
intestinal permeability, bacterial translocation, stress ulcers, and coagulopathy.

Although liver is relatively resistant to sepsis, transaminase elevation, peribiliary infarc-
tions, and cholestatic jaundice may ensue as a result of hypotension [21].

• Immune system

Although an immunologic hyperreaction itself, sepsis further disrupts the integrity of the 
immune system. In survivors of sepsis, mortality rate is higher in the  following  several 
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years than that in normal population, which can be attributed to a vague immune dis-
order with cytokines and chemokines [21, 33]. Overproduction of anti‐inflammatory 
cytokines may be a cause of immune deficiency in sepsis, but there is no evidence that 
the abundance of anti‐inflammatory cytokines (such as IL‐1 receptor antagonist and 
soluble TNF receptors) in the environment is sufficient for putting away the effects of 
proinflammatory cytokines [20].

• Extremities

A clinical picture of skin bleeding and necrosis due to microvascular thrombi and subse-
quent perivascular hemorrhage may develop, especially in the presence of disseminated 
intravascular coagulation. This is called purpura fulminans (PF). Although most fre-
quently encountered in N. meningitidis bacteremia, PF may ensue in bloodstream infec-
tions due to S. pneumoniae and capsulated microorganisms of any kind. In addition to 
necroses in PF, vasoconstriction in sepsis may be severe enough to cause infarctions of 
fingers and autoamputation. Vasopressor drugs, if administered without fluid resuscita-
tion, increase the risk for this complication [21, 33].

• Mental status

Psychological disorders, such as posttraumatic stress disorder (in 20% of ARDS patients), 
depression, panic attack, public isolation, inability to stay alone or in crowded areas, and 
decrease in sexual activity, are seen frequently in survivors of sepsis [21].

4.5. The role of gene polymorphisms in predisposition to sepsis

Whether there is an association between the severity of sepsis and septic shock and cytokine 
gene polymorphisms is an important field of study. Such a connection could not be shown 
with IL‐1, IL‐1 receptor antagonist, and IL‐10 genes. It has been postulated that TNF2, being 
a rare TNF gene (adenine at −308 position), may be associated with high promoter activity, 
but no elevation in the prevalence of TNF2 allele in patients having frequent attacks of severe 
sepsis and infections due to Gram‐negative organisms has been noted. There is a publication 
stating that rare Arg753Gln mutation of TLR2 renders individuals prone to staphylococcal 
sepsis [33]. Single‐nucleotide polymorphism in IL‐1β gene was found associated with higher 
mortality [34].

5. Medical history

In sepsis, complaints leading to the child being brought to the physician vary according to the 
source of infection or SIRS. Fever, hypothermia tachypnea, stomach ache, vomiting, diarrhea, 
clouding of consciousness, or several of these may be present in the child. Features in the his-
tory such as the child’s immunization status, past infections, and attending daycare should 
be taken into notice [35].
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6. Physical examination

Fever or hypothermia (core body temperature <36°C) may be observed [5]. Abnormalities 
in other vital signs may also be detected. Normal limits of vital signs according to age are 
depicted in Table 2 [36].

Shock may not be present in sepsis. Hypotension is not a prerequisite for shock. Mottled skin 
and prolongation of capillary refill time may help the physician recognize septic shock before 
hypotension emerges [2, 5].

7. Laboratory tests

In a child suspected of having sepsis, the following tests may be ordered: complete blood 
count (always with differentials), a reasonable metabolic panel (electrolytes, glucose, liver 
function tests, and albumin), serum lactate, arterial blood gases, coagulation studies, amylase, 
lipase, urinalysis, sputum culture, and Gram stain [35]. Leukocytosis or leukopenia may be 
present in children with sepsis (Table 3) [2].

Antibiotics should be started after blood and other cultures being drawn unless a delay of lon-
ger than 45 min is expected because of this process. According to the results of a recent study, 
the diagnosis of pediatric septicemia through BACTEC 9240 is quicker with high yield and 
great sensitivity compared to the conventional technique [37]. Blood cultures are recommended 
to be taken from a peripheral vein and a catheter, which has been in place for more than 48 h 
into a set of aerobic and anaerobic bottles and as at least two sets. In case the volume of the 
blood is insufficient, the sensitivity of the blood culture will decrease, and vice versa [38, 39]. 
The author suggests that anaerobic blood cultures not be taken from children routinely, since

• The volume of blood that can be taken from children is limited.

• True anaerobic blood stream infections are rare (<5%) in children.

• Instead of sets consisting of one aerobic and one anaerobic bottle, selective culture for an-
aerobic organisms with two aerobic bottles yields better results (6% more positives).

Age group Bradycardia (pulse/
min)

Tachycardia (pulse/
min)

Respiratory rate 
(respirations/min)

Systolic blood 
pressure (mmHg)

0 day to 1 week <100 <180 >50 <65

1 week to 1 month <100 <180 >40 <75

1 month to 1 year <90 <180 >34 <100

2–5 years <80 <140 >22 <94

6–12 years <70 <130 >18 <105

13–18 years <60 <110 >14 <117

Table 2. Normal of vital signs according to age [36].
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• Since sensitivity patterns of anaerobes are well known, they can be covered effectively with 
empirical therapy.

Even if anaerobic blood cultures are to be drawn, the indications should be limited to risky 
situations as below [40–42]:

• Children displaying abnormal abdominal symptoms and signs.

• Children with sacral decubitus ulcers or cellulitis.

• Patients with poor oral hygiene, severe oral mucositis, or chronic sinusitis.

• Neutropenic children receiving high‐dose corticosteroid therapy, which may mask abdom-
inal symptoms.

• Children with sickle cell disease.

• Infants of mothers with prolonged rupture of membranes or chorioamnionitis.

• Children thought to have bacteremia due to a human bite or crushing trauma.

When clinically indicated, cultures may be taken from urine, cerebrospinal fluid, wounds, 
respiratory secretions, and other body fluids. Most accurate results will probably be obtained 
with double quantitative blood cultures in case of an intravascular device‐related blood-
stream infection. Mannan, antimannan, and 1,3 beta‐D‐glucan tests may be used if invasive 
candidiasis is suspected. Imaging techniques are very useful to delineate the foci of infection 
and to decide whether the patient’s condition is suitable for transport [5].

8. Diagnosis and differential diagnosis

Risk‐scoring systems may guide the physician in deciding the presence of a serious bacterial 
infection [43]. As mentioned above, if a probable or proven infection is present with SIRS, 
the child is in sepsis. Sepsis should be differentiated from other causes of SIRS (e.g., trauma, 
burn, acute pancreatitis, drug reaction (acetaminophen, cytarabine, IL‐2)) and hypotension 

Age group Leukocyte count (×103/μL)

0–7 days >34

1 week to 1 month >19.5 or <5

1 month to 1 year >17.5 or <5

2–5 years >15.5 or <6

6–12 years >13.5 or <4.5

12–18 years >11 or <4.5

Table 3. Leukocyte counts according to age [2].
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(e.g., hypovolemic shock, cardiogenic shock, neurogenic shock, and adrenocortical insuffi-
ciency) [4, 44–46]. The value of procalcitonin and other biomarkers in the differential diagno-
sis of sepsis is under investigation [5].

9. Management

The management of severe sepsis and septic shock involves the following phases:

9.1. Hemodynamic support

Hemodynamic support should be started promptly without waiting for the intensive care 
admission. A protocol on recognizing septic shock in emergency ward may shorten the time 
that is passed for the initiation of appropriate therapy [47]. Although central venous line is 
preferred, fluids may be given through peripheral veins or via intraosseous route if a central 
venous catheter is not present or cannot be placed [5, 48]. Initial recommended fluid is crys-
talloid (e.g., normal saline) in boli of 20 mL/kg, each administered in 5–10 min. It should be 
kept in mind that mortality in children may be reduced if albumin is used in the initial fluid 
[49]. These crystalloids or colloid boli are continued until the perfusion returns to normal and 
the total given fluid volume reaches 60 mL/kg or more unless hepatomegaly or rales develop 
[48]. It is imperative that fluid resuscitation be given as rapidly as possible and not sparingly. 
The mortality in children who were given a total of more than 40 mL/kg is about 40% lower 
than those given a total of less than 20 mL/kg. The duration of intensive care and hospital 
stay become shorter (2–3 days) in patients given 60 mL/kg of fluid in the first 60 min than 
those who are not [50–52]. Inotropic support is recommended instead of fluid replacement 
if hepatomegaly or crackles are present. If the child has severe hemolytic anemia and blood 
pressure is normal, blood transfusion should be preferred to crystalloid or albumin boli [5].

For children in respiratory distress or hypoxia, oxygen should be administered with a mask; 
thereafter, if needed and if possible, high‐flow oxygen through nasal cannula or nasopha-
ryngeal continuous positive air pressure (CPAP) may be carried out [5, 48]. An adequate car-
diovascular resuscitation reduces the likelihood of cardiovascular instability if mechanical 
ventilation is needed [5].

In the early management (in the first hour and in emergency ward), clinical goals for the sep-
tic shock patient are the following:

• Bring the capillary refill time back to 2 s or less.

• Provide blood pressure normal for age.

• Obtain a normal pulse and heart rate by removing the difference between central and pe-
ripheral pulses.

• Warm the extremities.

• Raise the urine output above 1 mL/kg/h.
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• Restore hypoglycemia and hypocalcemia back to normal.

• Restore mental status.

Antibiotics should have been started meanwhile [5, 48, 53].

Goals to be realized by invasive monitorization of the patient are as follows:

• Central venous oxygen saturation of 70% or above and

• Cardiac index of 3.3–6 L/min/m2 [5, 54]

9.2. Inotropes, vasopressors, and vasodilators

The patients whose initial fluid therapy has been completed in 10–15 min and who are unre-
sponsive to this therapy (twice crystalloid or colloid boli) should have been started inotrope 
support at about 15th min of management through a peripheral vein if necessary until central 
venous route is assured [5, 55]. The goals at this stage of the management are as follows [5]:

• Normal perfusion pressure (mean arterial pressure, central venous pressure): 55 mmHg 
for term newborns, 60 mmHg for children 1 month to 1 year of age, 65 mmHg for children 
aged 1–15 years.

• Central venous oxygen saturation (ScvO2) = 70%.

• Cardiac index = 3.3–6 L/min/m2.

In cold shock with normal blood pressure but abnormal capillary refill time (>2 s), the dosage 
of dopamine given through central vein can be increased to 10 μg/kg/min. If shock is refrac-
tory to dopamine, epinephrine (0.05–3 μg/kg/min) should be given; ScvO2 and hemoglobin 
(Hb) should be kept above 70% and 10 g/dL, respectively. If ScvO2 persists below 70%, a vaso-
dilator, such as milrinone and imrinone, should be added to therapy; levosimendan should 
be considered to be started [5, 48].

In cold shock with low blood pressure, ScvO2 and Hb should be kept above 70% and 10 g/dL, 
respectively. If shock is refractory to dopamine, epinephrine (0.05–3 μg/kg/min) should be 
given; if hypotension persists, norepinephrine should be started. If ScvO2 is still below 70%, 
dobutamine, milrinone, enoksimone, or levosimendan should be considered [5, 48].

In warm shock with low blood pressure, the rate of norepinephrine should be adjusted such that 
ScvO2 stays above 70%. If hypotension persists, vasopressin, terlipressin, or angiotensin should 
be considered. If ScvO2 is still below 70%, low‐dose epinephrine should be considered [5, 48].

In some patients, in whom systemic vascular resistance is very low despite norepinephrine 
administration, vasopressin, and terlipressin were used, but no benefit from these drugs has 
been shown in randomized studies [56–60]. In patients with low cardiac output, but high 
systemic vascular resistance, vasodilators such as

• Calcium sensitizer (levosimendan).

• Type III phosphodiesterase inhibitors (amrinone, enoximone, or milrinone).
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• Nitrovasodilators.

• Prostacyclin.

• Fenoldopam.

• Pentoxifylline.

have been proposed in addition to inotropes [5].

If no response is taken with this therapy, the case is accepted as catecholamine‐resistant 
shock, and the patient should be started hydrocortisone if at risk for absolute adrenal insuf-
ficiency [5, 48].

If catecholamine‐resistant shock persists, pneumothorax, pericardial effusion, and high intraab-
dominal pressure should be excluded or corrected if present; pulmonary artery catheter, pulse 
contour cardiac output catheter, and femoral artery thermodilution catheter should be used 
or Doppler ultrasonography should be considered to receive some guidance on therapy [48].

If, despite all these measures, shock cannot be taken under control, extracorporeal membrane 
oxygenation (ECMO) should be considered [5, 61, 62].

9.3. Antimicrobial therapy

After severe sepsis is recognized, antibiotics should be started in the first hour, even in the first 
15 min if possible. Cultures should be taken before initializing therapy if feasible, but therapy 
should not be delayed for this reason. The choice of antibiotic should be in accordance with 
endemic or epidemic data. Intramuscular or oral route may be used until intravenous access 
is made. In toxic shock syndromes with refractory hypotension, clindamycin and antitoxin 
are recommended. The management of Clostridium difficile colitis is preferentially carried out 
with enteral antibiotics; vancomycin should be used for severe colitis. Antimicrobial therapy 
should continually be reevaluated with regard to deescalation [5].

Combination empirical therapy is recommended for neutropenic patients with severe sepsis 
and in places where difficult‐to‐treat organisms, such as Acinetobacter and Pseudomonas, are 
prevalent. This therapy should be in the form of a wide‐spectrum beta‐lactam antibiotic + an 
aminoglycoside/quinolone in places where the risk of infection due to Pseudomonas is high. 
If the prevalence of S. pneumoniae is high, a beta‐lactam + macrolide combination is recom-
mended. Combination therapy should be of short duration (3–5 days or less) according to 
antibiotic‐sensitivity results [5].

The duration of antimicrobial therapy should be limited to 7–10 days unless

• The response is slow,

• The infection focus is undrainable,

• S. aureus bacteremia is present,

• Some fungus or virus infections are present,
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• An immunologic disorder with neutropenia is present, or

• Pneumonia due to Pseudomonas spp. or other Gram‐negative rods is present [5, 63].

Narrowing the antimicrobial spectrum and shortening the duration of antimicrobial therapy 
would prevent superinfections due to other agents, such as Candida spp., C. difficile, and van-
comycin‐resistant Enterococcus faecium [5].

Antiviral therapy should be started in sepsis or septic shock due to viruses. Antimicrobial 
therapy should be stopped in case that the cause of sepsis was detected as something other 
than infection. The removal of infected intravascular devices, especially central venous cathe-
ters, if possible and if preferred to antibiotic lock methods, will reduce mortality and increase 
the chances that the infection will be cured [5, 64].

9.4. Transfusions

If superior vena cava oxygen saturation is low (<70%), Hb concentration should be maintained 
at 10 g/dL. After hypoxemia and shock subside, the goal for Hb should be over 7 g/dL. Higher 
concentrations may be needed if acute bleeding, severe hypoxemia, or ischemic heart disease is 
present [5, 65, 66].

Platelet transfusion is indicated if the platelet count is

• Below 10,000/μL without a detectable bleeding.

• Below 20,000/μL if the patient has significant bleeding risk.

• Below 50,000/μL in the presence of active bleeding or in situations requiring either surgical 
or invasive procedures.

Plasma therapy should be brought to the agenda in case of thrombotic purpura situa-
tions, such as progressive disseminated intravascular coagulation due to sepsis, secondary 
thrombotic microangiopathy, and thrombotic thrombocytopenic purpura. In the absence of 
planned invasive intervention or bleeding, antithrombin therapy, erythropoietin adminis-
tration for sepsis‐associated anemia, and fresh‐frozen plasma therapy should be avoided.

9.5. Corticosteroids

Hydrocortisone should be given to children with severe sepsis only in the presence of suspected 
or proven adrenal insufficiency, because there are publications both favoring (for reduction in 
mortality) and discouraging (for increasing mortality) its use [5, 67, 68]. Risk factors for adre-
nal insufficiency include severe septic shock with purpura, steroid use for chronic illness, and 
hypophysis or adrenal gland abnormalities. Hydrocortisone infusion is started with the dosage 
of 50 mg/m2/24, which may be needed to be increased up to 50 mg/kg/day in a short time. The 
measurement of baseline serum cortisol concentration may be useful at the onset of therapy [5].
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9.6. Miscellaneous recommendations

In ARDS, tidal volumes exceeding 10 mL/kg should be avoided. Plateau pressure, arterial 
pH, and arterial partial oxygen pressure should be maintained at 30 cmH2O or below, 
between 7.3–7.45 and 60–80 Torr (8–10.7 kPa), respectively. The Hb goal of 10 g/dL in 
unstable patients should be taken as 7 g/dL after recovery from shock and deep hypoxia 
[69].

Water retention in patients recovering from shock should be treated with diuretics. If this 
fails, continuous venovenous hemofiltration or intermittent dialysis should be carried out in 
order to prevent water retention of more than 10% of the body weight [5].

In children with septic shock, glucose concentration should be maintained below 180 mg/dL 
since concentrations of 178 mg/dL and over are associated with higher mortality. In newborns 
and children, insulin therapy should be given along with glucose infusion, the rate of which 
should be 4–6 mg/kg/min (6–8 mg/kg/min in newborns). The alternative is giving mainte-
nance fluids prepared with 10% dextrose in water [5, 70].

Although no sedative or sedation protocol is recommended for patients with sepsis and 
mechanical ventilation support, long‐term propofol should be avoided in children below 
3 years for its association with fatal metabolic acidosis. Etodomidate and dexmedetomi-
dine should also be avoided due to its inhibitory effect on adrenal axis and sympathetic 
nervous system, the integrity of which is essential for hemodynamic stability in septic 
shock [5].

Enteral route should be preferred to parenteral route in nutrition. Glucose requirements of 
newborns and children can be met with sodium‐containing fluids prepared with 10% dex-
trose in water and administered at maintenance rate.

10. Prognosis

Hospital mortality of pediatric sepsis is 2–10% [5]. In United States, hospital mortality in 
severe sepsis has declined from 10% in 1995 to 4% in 2003 [71, 72]; this is probably because 
septic shock is increasingly recognized more readily and earlier in the course and treated 
more aggressively [73].

Seven and six percent of children who are discharged from hospital after surviving postneo-
natal sepsis die within 28 days and afterward, respectively (early and late mortality). About 
half of those who survive these 28 days are rehospitalized at least once. Comorbidity is 
important in the development and late mortality of and rehospitalization in pediatric sepsis 
[74, 75].
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11. Conclusion

As sepsis in children continues to take lives of children, especially in economically developing 
countries, it will continue to be the focus of attention for physicians, scientists, and the public. 
Although there are a few newer antibiotics in the pipeline, other novel therapies hold promise 
for overcoming this “cytokine storm disease” in near future.
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Abstract

There are many different work tasks and workplace hazards related to the ICU setting. 
The workplace hazards include the physical environment of the ICU, working condi-
tions, psychosocial factors, ergonomic factors, biological factors and chemical factors 
that cause ICU workers to have health problems. The occurrence of occupational health 
problems in ICU workers not only leads to decreased job satisfaction and productivity 
but also increases absenteeism and burnout. Moreover, this situation adversely affects 
patient care and increases the cost of treatment. Recognising occupational hazards and 
risks arising from the work environment will assist in planning strategies to protect and 
promote health programmes for ICU workers. Understanding the importance of occupa-
tional health and safety practices by all institutions is a key factor to improve quality of 
life, work efficiency and work satisfaction of ICU workers.

Keywords: intensive care unit, ICU workforce, workplace hazards, occupational health, 
occupational safety

1. Introduction

This chapter presents information about occupational health and safety in the intensive care 
unit (ICU) settings. The reader is cautioned that ICU workers face many workplace hazards 
due to the complex nature of their work environment. Furthermore, this chapter aims to 
describe the occupational risks of ICU workers related to personal factors and to discuss pre-
vention strategies related to this issue. Although traditional prevention strategies for occupa-
tional health and safety in the ICU are given, personal measures such as risk management and 
health promotion programmes for ICU workforce will also be provided.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Intensive care unit workforce

The health services provided in ICUs are carried out by a multidisciplinary team. The members 
of this team are intensivists, ICU nurses, pharmacists, dieticians, respiratory therapists, physio-
therapists, occupational therapists, healthcare assistants and members of other professions [1, 2]. 
Other staff in secretarial and transportation services are in a position to support the ICU team [2].

The nursing staff in some countries may comprise distinct occupations such as nurses and 
nurse aids/assistants or technicians [3]. Nurses are the workforce in the ICU and are mostly 
involved in complex work tasks, such as medication management, organising the ICU envi-
ronment, coordinating the work tasks between nursing staff and direct contact with patients 
while providing care, as well [3]. The working experience of the ICU nursing staff may vary 
with the hospital type and location. In the study done by Sevinç et al. [5], 30% of the ICU 
nurses had working experience of less than 1 year. In another study setting done in the United 
States, the mean age of ICU nurses was 46.5 [7]. Healthcare assistants are responsible for tasks 
related to patient care directly, inasmuch as they are the members of the ICU team that are 
most exposed to the physical workloads [3].
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as “a multi-dimensional, integrated phenomenon” and the importance of having all dimensions 
present in the work setting is stated by Schmalenberg and Kramer as “an excellent work envi-
ronment doesn’t evolve from the presence of only a few desired processes. None of them optional, all 
are required.” [8].

The workplace environment must be considered carefully because of the fact that it can affect 
the motivation and capability of ICU workers to perform the tasks [9]. There is evidence about 
the impact of poor work environments on healthcare professionals and patient outcomes [7]. 
Negative outcomes for the ICU workforce can be related to job satisfaction and burnout. 
However, there are some other negative outcomes for the patients such as inadequate safety, 
impaired quality of care, medical errors and increased mortality [7].

The work environment in ICU is not only related to the physical environment, but also related 
to psychosocial settings [7]. The nature of a poor work environment is associated with a num-
ber of hazards and risks [10]. The terms “hazard” and “risk” are often used interchangeably 
which leads to confusion. Despite this, hazards in the workplace are described as “a potential 
source of harm or adverse health effect on a person or persons” [11, 12]. Additionally, the risks 
which arise from identified hazards are graded by combinations of severity and likelihood of 
harm [11, 13].

The ICU environment may cause a number of health risks in relation to occupational hazards. 
The workplace hazards include the physical environment of the ICU (lighting, conditioning, 
noise, equipment, work space), working conditions (daily workload, working in shifts, standing 
for long hours, caring for patients with co-morbidities, inadequate income), psychosocial factors 
(dissatisfaction with work, workplace stress, frequently encountered deaths, interaction with families 
of patients, workplace violence), ergonomic factors (repositioning the patients and repeating move-
ments such as pushing, pulling, elevating and bending), biological factors (being exposed to infec-
tious organisms during invasive and non-invasive procedures) and chemical factors (being exposed 
to antiseptic and disinfectants or inhaling their gases).

3.1. Physical environment

The physical environment of the ICU may contain various hazards likely to cause injuries to 
ICU workers. Those hazards are associated with mechanical factors, equipment, noise, light, 
heat and humidity. In the conditions where the physical characteristics of the workplace were 
not designed considering the needs and expectations of employees, it will result in decreased 
work performance of the employees and increased number of lost work days [14].

Mechanical hazards in the ICU include mobile equipment which is used to transfer patients, 
transported objects i.e. emergency trolleys, moving parts of objects, sharp edges of surfaces, 
falling objects, slippery surfaces, high pressure fluids and other items. ICU staff are more 
likely to sustain injuries caused by mechanical hazards inasmuch as they give care to patients 
in unstable conditions. A suitable workplace design, safety signs and risk measures should be 
applied to eliminate risks related to mechanical hazards in the ICU [15].

Intensive care units are one of the departments with the most advanced equipment in the 
hospital settings. With the aim of using that equipment effectively, it is important to design 
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the bed spaces, monitor heights and drainage systems considering the architectural principles 
for the ICU standards so that healthcare personnel can have sufficient space to care for their 
patients [16, 17]. The environment of the ICU requires appropriate physical layout and work-
station design. On the other hand, an inadequate patient room or bed space will make it dif-
ficult to interact effectively with the patient and provided equipment [9]. The architectural 
design of the ICU affects job satisfaction, the level of stress and well-being of the healthcare 
professionals working in the ICU setting. The ICU team members’ experiences and opinions 
should be asked for before the architectural design of the ICU is made [17].

The equipment to improve the physical conditions might not have been developed yet for the 
specific needs in the ICU; on the other hand, it might be developed but not obtained by the 
facility (the hospital) or provided in some ICU setting [9]. The studies show that although in 
some ICU setting the staff are provided high technological equipment to prevent them from 
physical injuries and protect them from musculoskeletal disorders, they do not make use 
of the equipment reporting reasons such as the equipment being difficult to use (requiring 
complex work tasks or disinfection of the parts for every use) or being time-consuming [16].

The design of the ICU should prevent the distraction caused by the high level of noise in the 
ICU. It is also shown that noise may cause an increased stress level for the ICU staff [18, 38]. 
Moreover, it is also stated by the Occupational Health and Safety Administration that 20% of 
the workers may have a significant change in hearing if they are exposed to 90dBA noise for 
8 h per day for 40 years [18].

Poor lighting in the ICU can cause discomfort while ICU workers are performing their daily 
tasks. Suitable lighting must consider the ideal level of lighting in different parts of the ICUs. 
Suitable lighting in the ICU varies as the lighting in the entrance and the waiting area is rec-
ommended to be 150 lx, circulation areas to be between 100 and 150 lx, and offices to be 750 lx. 
A direct interference with vision must be prevented and glare must be minimised. The nurse 
desks and monitoring areas should be located where light can be received in a 90° angle [12].

Heating and air conditioning in the ICUs are important physical conditions that affect the 
body temperature and cause heat stress in the ICU workers. Changes in the body temperature 
and heart rate along with sweating are known as the symptoms of the heat strain. This type of 
physiological strain indicates a cardiovascular response to the blood flow need. In the condi-
tions where heat and ventilation in the ICU environment are not within ideal limits, the body 
starts to remove heat primarily by evaporation by sweating, the rate of which varies with air 
motion, humidity and type of clothing. The heat strain may primarily cause discomfort, but 
also induces heat-related disorders and acute musculoskeletal injuries [19]. The ideal tem-
perature for workplaces is recommended as between 19° and 23°C but may vary in different 
settings [13].

Humidity is another factor in the working environment that affects workers’ health. In condi-
tions when humidity is low, it means the air is dry and can cause stuffy nose, dry and itchy 
skin, sore eyes, sore throat and flu-like symptoms in further cases. The relative humidity is 
stated as to be maintained between 40 and 70% [13].
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3.2. Working conditions

Patients in ICUs receive continuous medical care 24 h a day from the ICU team. There 
are many different work tasks and related workload in the ICU setting. The influence of 
excessive workload in the ICU setting may result in a high level of stress, job dissatisfac-
tion and physical injuries [20]. There is a direct correlation between the length of the shifts 
and the burnout due to excessive workload and fatigue. There are evidence and standards 
that consider the number of patients to be assigned to the ICU workforce. The evidence 
for the intensivist-to-patient ratios is ideally no higher than 1:14 inasmuch as it affects the 
staff well-being and patient care [21]. In a study investigating the clinical intensive care 
service, it was claimed that the paediatricians-to-patient ratio was 1:13, median working 
hours of the paediatricians were 60 h in a week, and indicated night shifts were 60 nights 
in a year [22]. The recommended nurse-to-patient rate is 1:1 for the critical patients with 
mechanical ventilation, and the maximum number of the patients to be assigned to a nurse 
is two according to the American College of Critical Care Medicine [23]. Those standards 
may vary with the national regulations in different countries. For example, the nurse-to-
patient standard in Turkey is 1:4 for ICUs, not considering the dependency levels of the 
patients [5].

Studies in the literature show that there is a correlation between increased workload and 
increased medical errors and hospital infections [24]. Moreover, there is a relation between 
increased workload and death rates of the patients in the ICU. The excessive workload in the 
ICU setting is the main risk factor for hospital infections such as pneumonia, urinary tract 
infections, bloodstream infections, and surgical-site infections [25]. It is stated in the literature 
that when the ICU nurses give care to one patient above the recommended number, there 
is an increased risk for pulmonary failure by 53%, for nosocomial pneumonia by 7%, for 
unplanned extubation by 45% and for mortality rates by 9% [24]. In this context, the workload 
of the healthcare professionals in the ICU has crucial importance not only for causing occupa-
tional health problems, but also for patient safety issues [5, 24, 26].

The working characteristics in the ICU which require long work schedules lead to physi-
cal and mental fatigue [3]. Moreover, the long shifts (12 h and above) increase the errors 
and near misses, and decrease staff vigilance. As a further matter, the negative effects of 
shift work have been discussed for a long time, and are accepted as detrimental. It has a 
negative impact on individuals’ health, such as disrupting the circadian rhythms, causing 
sleep disorders, causing increased risk of gastrointestinal tract disorders, increasing stress 
levels, altering activity and rest patterns and affecting the social and domestic life [27, 28]. 
Moreover, it disturbs the body’s chemical and hormonal functions because of the fact that 
individuals working during the night are not able to benefit from the daylight. In many 
studies, it is discussed that working in night shifts for a long term increases the risk of breast 
cancer [29].

Nevertheless, the low salaries for healthcare professionals working in the ICU are not satisfy-
ing compared to the required working conditions [3].
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3.3. Psychosocial factors

There are various psychosocial risk factors in ICU settings, such as high qualitative and quan-
titative demands, emotional demands, low job control, role conflicts, ambiguity, mobbing and 
physical violence, which affect ICU workers’ well-being [30].

Intensive care units are stressful settings inasmuch as they require communicating with 
patients and their families facing the death and loss processes, coping with complex work 
tasks and adapting to busy work conditions [26]. The psychological hazards in the ICU may 
cause psychosocial burden, shifts in the mood, sadness, negative outlook towards life in gen-
eral, irritation, loss of confidence and negative self-image [3]. Those negative conditions are 
related to symptoms of a high level of stress. Consequences of high levels of stress in the 
ICU can cause increased absence, lowered productivity, more accidents and physical injuries, 
higher job turnover and increased costs [30].

The ICU team members may encounter uncertainties, varied situations that require immedi-
ate action, high level of knowledge, psychomotor and cognitive skills and competences which 
may cause fatigue [3]. Lack of equipment and resources in the ICU may result in job dissat-
isfaction for the healthcare professionals working there [20]. In the studies done with anaes-
thesiologists and ICU nurses, it is found that overall nurses and the female anaesthesiologists 
consider the lack of resources as a cause for job dissatisfaction [2, 20].

Intensive care unit workers are responsible for many complex work processes in acute and 
chronic settings. There might be some role conflicts and ambiguity that result in decreased 
job control, misunderstanding and increased stress. However, in some cases, it is reported 
that physical aggression and physiological violence occur due to working in intense work 
conditions. Negative behaviours such as yelling, offending, ignoring, threatening or hiding 
important information can mean mobbing which are inadmissible for members of the ICU 
team. Being a victim of mobbing leads to physical and mental problems such as high level of 
stress, depression, eating disorders, addiction and suicide attempts [30].

The social hazards in the ICU setting are usually generated by working long shifts which 
require working at night and weekends. They may cause isolation from family relationships, 
social life difficulties, overall disinterest towards others, uncontrolled aggressiveness and dif-
ficulty in making decisions regarding personal life [3].

3.4. Ergonomic factors

Ergonomics are defined as the “laws of the work” and it primarily focuses on the physical 
aspects of the work. There are many force and energy requirements for work tasks in the ICU 
setting and there must be considerations of biomechanical rules and workplace adjustments 
to prevent ICU workers from musculoskeletal disorders [31].

Occupational musculoskeletal disorders not only occur in acute conditions but also may 
develop on account of cumulative micro traumas usually in relation to lack of balance of the 
body for tissue repair and adaptation to physical stress [32, 33].
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Intensive care unit settings require physical loads on ICU workers during patient care [34, 35]. 
The physical hazards may cause ergonomic risks, which lead to musculoskeletal symptoms 
and disorders. Several conditions such as excessive and repetitive traumas while pushing 
and pulling heavy equipment, standing for long periods of time, not having adequate rest, 
manually lifting and moving partially or fully dependent patients in awkward, twisted or 
extremely bent positions requiring extreme muscular exertions must be considered as the 
major factors for musculoskeletal disorders [31, 34, 35]. The symptoms are mostly seen as pain 
in the leg, back, shoulder, neck and other parts of the body [3, 16].

In ICUs where the physical characteristics were not designed properly, healthcare profes-
sionals have a higher risk of musculoskeletal injuries due to repeated physical loads during 
patient care [34]. The ICU members with musculoskeletal symptoms are less productive 
because of pain and limited mobility, and they are likely to make consistent safety mis-
takes. Hence, they may also affect the health or endanger the safety of other members of 
ICU [31].

3.5. Biological factors

The ICU workers have increased risk related to biological hazards since they are exposed to 
infectious organisms during invasive and non-invasive procedures. Transmission of infectious 
agents can occur through blood and body fluids on equipment or their droplets’ absorption 
by skin or mucosa through direct or indirect contact or lung penetration through the air. 
Intensive care unit work tasks and processes require direct or indirect contact with bio-
logical materials that results in illness and disease [13]. As in many other healthcare units, 
ICUs have the highest rate of needle stick injuries in the nursing workforce that can result 
in transmission of most common blood-borne infections such as Hepatitis B and C, other 
Hepatitis infections and HIV. Other infections can transmit to ICU workers by spreading 
through close contact and by droplets, such as tuberculosis and meningococcal meningitis 
[12, 36].

There are standard and transmission-based regulations in healthcare facilities to prevent 
infections occurring in the ICU workforce. Standard precautions include hand washing, respi-
ratory hygiene and cough etiquette, waste management and decontamination, and appropri-
ate use of personal protective equipment. Transmission-based interventions include airborne, 
contact and droplet precautions [13].

3.6. Chemical factors

The ICU workers face chemical hazards such as being exposed to antiseptic and disinfectants 
or inhaling their gases. During the work tasks and processes in the ICU settings, ICU work-
ers can be exposed to surface cleaners, antiseptic solutions and anaesthetic gases such as 
formaldehyde. The exposure can occur through many routes, which commonly happens by 
penetration after lung inhalation, absorption by skin or mucosa contact through eyes or nose. 
They can cause inflammation or irritation on the part where contact occurred. Moreover, it 
can lead to dermatitis, allergic reactions (i.e. sneezing and rhinitis), asthma and cancer [13].
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The effect of chemicals in the workplace can vary depending on some factors such as age, sex, 
ethnicity, genetics, immune system, nutrition, disease history, occupational history, previous 
exposures, other exposures to synergistic or antagonistic chemicals and recently used medi-
cations [12]. The occupational health and safety team in the hospital should keep records of 
all chemical agents which are being used in the ICU, and prepare emergency action plans in 
acute and chronic exposure cases.

4. Risks related to the ICU workers

4.1. Personal factors

There are some personal factors related to occupational diseases acquired by ICU workers. 
These factors can be summarised as ageing, inadequate physical condition, smoking and 
obesity.

The workforce in the ICU is ageing since the healthcare industry workforce is getting older 
in accordance with an increase in the retirement age requirements in all industries (around 
the world). In the United States, the average age of registered nurses is 46.8 [9]. The ageing 
workforce in the ICU might face increased risks for physical injuries and musculoskeletal 
disorders due to decreased muscular endurance and physical strength by age 50 and above 
[31]. Moreover, the workforce in the ICU is likely to have more chronic diseases with the age-
ing population [37].

The demographic characteristics of the society have changed in recent years. The body weight 
in certain populations is increasing rapidly. People’s lifestyle is changing and it is leading to 
less healthy eating and having a more sedentary life. Obesity may cause many health problems 
such as back pain, osteoarthritis, diabetes mellitus, hyperlipidaemia, coronary heart diseases 
and other health conditions [37]. Considering the population trends, it has been shown that 
the body weight of ICU workers has also changed, and they are more likely to have obesity-
related health problems and are at an increased risk of musculoskeletal injuries. Similarly, 
patients in the ICU have become heavier. Thus, this situation increases the risk of physical 
injuries of the ICU workforce while lifting or moving or transferring heavy patients [31].

4.2. Personal habits

The work tasks in the ICU setting require intense physical activity during the shift, even with-
out lunch breaks or other breaks in some cases. Healthcare professionals who work in the ICU 
get fatigued after working for long hours. There are some personal habits that affect the level 
of physical or mental tiredness of the ICU workforce.

Studies have shown that regular physical activity prevents musculoskeletal disorders by 
maintaining flexibility of muscles and ligaments. According to this, ICU workers with a habit 
of regular physical activity have a decreased risk of physical injuries and musculoskeletal 
disorders [16, 38].
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Intensive care unit workers might face sleeping disorders due to working night shifts. The 
high level of stress and physical tiredness after working for long hours might cause sleep dis-
turbances in ICU workers [3]. Moreover, having inadequate sleep and rest increases the risk 
of unsafe practices and occupational accidents. It is shown in the studies that, there is a direct 
relation between sleep and level of attention [28].

Negative stress and poor balance between work and social life can cause careless dietary hab-
its. A poor lifestyle implies a poor diet, which is not only related to eating too much or little, 
but also eating low-quality foods such as fast food and frozen food [13].

There is evidence about the correlation between an unhealthy lifestyle and decreased physi-
cal and mental abilities for work tasks [39]. Positive lifestyle such as having adequate sleep/
rest, healthy eating habits and regular physical exercise affects job security and occupational 
quality [40].

4.3. Cognitive features

The cognitive features include individual differences, perceptions and decision making and 
human error. Individuals differ from each other by personality, reliability, perceptions and 
self-awareness. Moreover, some people are more likely to make errors [41]. It is shown in the 
literature that there is a correlation between cognitive failures and accidents [40].

The ICU setting has many different hazards, and the perceptions, decisions, and capabilities 
of the ICU workers are crucial to avoid the risks related to them. Decision making is an impor-
tant factor that affects the level of risks and prevents accidents when an ICU worker makes 
the right decision at the right time. Individuals’ competence is also important. Although some 
people are very capable of avoiding errors, their physical ability and willingness impact deal-
ing with hazards [41]. However, cognitive features are directly related to occupational stress-
ors so they can easily be changed [40].

There are some workplace interventions recommended to control and manage risks in the 
ICU setting, and most of these interventions are focused on behaviour change processes [16]. 
However, there are some individual factors affecting staff’s behaviour change. Self-efficacy 
is the ability of individuals to accomplish tasks with barriers to change that they encounter 
during the process of behaviour change. It is related to the level of control of individuals over 
situations that affect their health [42].

In the conditions when the perceived self-efficacy level is high, the individual will realise the 
priority of the occupational health and safety principles to prevent work-related injuries or 
disorders while managing their work tasks [42].

There are some factors related to self-efficacy that affect the individual’s behaviour change 
process negatively, such as decreased awareness of the benefits of the change and loss of 
interest or having a high level of perceived barriers to change (i.e. claiming to not have proper 
facilities for physical activity or complaining about time pressure while doing their work 
tasks) [42].
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4.4. Occupational and health history

Risks arising from the previous workplace affect ICU workers’ current health conditions. 
Some biological and chemical agents require a long period of time before causing any signs 
and symptoms while they are affecting the body functions. A detailed employment history 
provides information about the current occupational diseases and future health problems 
which might occur while performing in the ICU [10, 41].

Illnesses might have many causes such as ageing, lifestyle or genetic characteristics or viruses. 
Intensive care unit workers lose work days due to common illnesses i.e. symptoms of mus-
culoskeletal disorders, headaches, dental issues, infectious diseases, gastric problems, among 
others. The health history of the ICU workers needs be recorded and comorbidities should be 
considered in relation to risk factors in the ICU [13].

5. Occupational health and safety practices in the ICU

The work tasks and processes in the ICUs are identified in a variety of guidelines prepared 
by the ILO (International Labour Organisation) and OSHA (Occupational Health and Safety 
Administration). The measures and practices related to protecting the ICU workers’ health 
are identified in these guidelines. The measures and practices can be divided into two main 
topics such as workplace interventions and personal measures. Workplace interventions can 
be summarised as reducing the working hours and workload, designing and organising the 
work environment properly. Personal measures include staff training, providing risk man-
agement and health promotion programmes and other measures.

5.1. Workplace interventions

5.1.1. Reducing the working hours and workload

Changing work patterns and improving control strategies will result in decreased risks and 
reduced health deficits among ICU workers. Evidence shows that re-arranging working 
hours and workload results in reduced occupational health symptoms of the ICU workers. 
Improved working conditions, material and moral support, properly managed work shifts 
provide a safe environment in the ICU setting [40]. The occupational and safety team mem-
bers have responsibilities to recognise workplace hazards and identify risks in the ICU setting 
that impact workplace practices and the workers’ health status [10].

5.1.2. Designing and organising the work environment

A positive work environment is linked to improved patient and staff outcomes such as 
decreased hospital infections, death rates, and increased motivation and job satisfaction [43, 44].

The occupational health and safety team are involved in designing work equipment and ICU 
work process. Moreover, studies show that in situations where ICU workers’ opinions were 
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asked on the process of redesigning the unit, there was a significant increase in job satisfaction 
of staff and a dramatic reduction in turnover and absenteeism [10, 30].

5.1.3. Other interventions

Workplace interventions designed to prevent hazards and reduce related risks allow the occu-
pational and safety team to implement strategies to improve safety culture in the ICU [44]. 
Safety culture is described as “the product of individual and group values, attitudes, perceptions, 
competencies, and patterns of behaviour that determine the commitment of an organisation’s health and 
safety management” [45]. There is a direct connection between safety culture and trusted com-
munication in the organisation. Moreover, increased perception of the importance of safe prac-
tices and sufficient confidence in preventive measures are remarked as the fundamentals of the 
safety culture [44]. Studies in this area show that perceptions of ICU safety are influenced by 
factors such as opinions of the management, working conditions, job satisfaction, team work 
climate, stress recognition, and safety climate [46]. Thus, workplace interventions to manage 
occupational risk factors should be focused on improving the safety culture of the ICU setting. 
After being established, the safety culture can be improved by initiating different intervention 
strategies [44]. The safety culture is known as a two-way system between the management’s 
responsibilities and employees’ commitment to their duties, which can only be established by 
key strategies: control, cooperation, communication and professional competence [13].

Designing safety checklists is another intervention that results in improved patient and work-
force outcomes. A safety checklist aims to monitor safety performance and make improve-
ments to work systems [38]. There are different aspects to creating safety criteria since they 
may be related to organisational, personal or professional characteristics. The safety hazards 
that threaten patient safety as well as health, well-being and safety of the ICU workforce must 
be stated on the checklists [38].

5.2. Personal measures

5.2.1. Staff training

Staff training interventions include prevention programmes related to physical, psychologi-
cal, chemical, biological, ergonomic and other hazards in the ICU setting. In recent years, 
the importance of health promotion programmes is becoming more recognised as work-
places provide occupational health and safety (OHS) team members with access to a large 
group of people, who have good inter-communication and facilities to exchange information. 
Workplace health promotion activities enable OHS team members to participate in continu-
ous assessment of the healthy lifestyle behaviours of ICU workers and to develop specific 
training interventions for them [10].

Occupational and safety practices should appreciate the biological, psychological, and social 
characteristics of individuals considering that interventions in the workplace will be integrated 
into adult life and health. The ability of the staff to participate in the training productively is 
an important factor that contributes to the effectiveness of the intervention. There are studies 
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showing the benefits of on-work training programmes [16]. In this case, ICU professionals would 
not be requested to participate in staff training sessions when they need to rest after working 
long hours. Additionally, it is discussed in the literature that the on-work training sessions are 
more successful when they are model based or combined with multiple interventions [47–49].

Training should include different time periods such as orientation programmes when work-
ers start working in the ICU (pre-employment examinations); periodical training; condi-
tion-based training where ICU workers need information about an unexpected or unusual 
situation (e.g. when they were caring for patients with an epidemic disease); return to work 
programmes for staff who have been absent after having a workplace accident or long-term 
leave from the ICU; and other programmes [10, 41].

5.2.2. Risk management

Risk management programmes comprise planning, applying and evaluating personal, physical 
and organisational interventions that aim to assess and decrease occupational risks to employ-
ees [50–52]. In recent years, many studies have been done with the aim of identifying high-risk 
tasks; creating and implementing solutions to reduce these risks in the workplace. There is leg-
islation in many countries, for different work areas as well as ICUs to implement risk analysis 
and management programmes. Risk assessment involves the assessment of the severity and 
likelihood of harm which arises from identified hazards [11, 13]. Risk assessment can be made 
by using both qualitative and quantitative methods. However, in relation to legislations in 
many countries, a written risk assessment should be done including the risk control measures 
such as elimination of hazards, engineering controls, administrative controls and distribution of 
personal protective equipment [13]. Risk assessment and management interventions in the ICU 
should be performed as general and job-specific controls [31]. Therefore, safety hazards affect-
ing the ICU workforce should be assessed individually, considering the work task–specific haz-
ards that they might face. For example, in relation to biological risks, hazardous materials and 
wastes must be disposed safely. Continuous monitoring should be performed for persons who 
come into contact with biological materials by handling, manufacturing or storing them [13].

Work-related musculoskeletal disorders are one of the most common occupational health 
problems seen in ICU workers. The literature shows that evidence-based interventions used 
in ergonomic risk management programmes such as body mechanics training, ergonomic 
guidelines, exercise programmes, cognitive-behavioural interventions, social support pro-
grammes and workplace adjustments were found to be effective in terms of reducing the 
ergonomic risks to ICU workers [33, 47, 48, 50, 51, 53–57].

5.2.3. Health screening

Health screenings of ICU workers should be done regularly. A detailed history of previous 
employment and a comprehensive assessment of the current occupational diseases should be 
performed when the staff start working in the ICU setting (pre-employment examinations). 
Eventually, it should be followed by periodical screenings, condition-based screenings (e.g. 
when they were caring for patients with an epidemic disease) and return to work screenings 
for workers who had a workplace accident or a long-term leave from the ICU [10, 41].
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5.2.4. Health promotion programmes

Occupational hazards and risk factors in the ICU are not only associated with the workplace 
setting, but are also related to personal habits such as smoking, not having a healthy diet or inad-
equate physical activity. Therefore, risks related to personal factors can only be managed by con-
ducting health promotion programmes in their workplace. Health promotion programmes in 
the ICU are valuable interventions when they are used proactively, developed, and managed/
monitored by experienced health professionals [9]. Health promotion activities (i.e. programmes 
aimed at diet management, weight control, physical activity or coping with stress) in the ICU 
should be developed considering the needs of ICU workers. For example, conditions related to 
high level of stress can be managed by improving coping skills. Those skills can be improved 
through stress management, problem solving, relaxation, and self-awareness trainings [13, 30]. 
However, a good health promotion intervention should be based on a model (i.e. Pender’s Health 
Promotion Model; Prochaska’s Trans-theoretic Model; Green’s PRECEDE-PROCEED Model) 
[58]. According to these models, there are some factors such as past experiences, unsuccessful 
attempts to change, self-efficacy, social support, self-awareness and readiness to change that affect 
the positive results that may be achieved by workplace health promotion programmes [58–60].

5.2.5. Other measures

There are other monitoring and prevention programmes in relation to risks arising from 
hazards in the ICU setting. Different forms of prevention can be applied for varied risks as 
follows:

• Limitation of risk sources

• Limitation of ICU workers’ reactions towards hazardous conditions

• Treatment of injuries and harm caused by hazards, including monitoring the long-term 
effects [30]

The aim of the preventative measures and interventions is to strengthen how ICU work-
ers deal with physical, chemical, biological, psychosocial and ergonomic hazards. Another 
form of risk prevention is the optimisation of task content in connection with job rotation, job 
enlargement, job enrichment and creation of autonomous work groups (Table 1) [30].

Optimisation Main focus/action

Job rotation Move workers to different stations regularly

Job enlargement Merge similar jobs into larger modules

Job enrichment Group basic tasks and control elements together and assign workers to 
higher tasks

Creation of autonomous work groups Create independent worker groups and give them the responsibilities of 
larger job fragments

Table 1. Optimisation of task content.
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6. Conclusion

The ICU environment may cause a number of health risks in relation to occupational hazards. 
The workplace hazards include the physical environment of the ICU, working conditions, psy-
chosocial factors, ergonomic factors, biological factors and chemical factors. The occurrence 
of occupational health problems in ICU workers not only leads to burnout and decreased job 
satisfaction, but also affects patient care and increases the cost of treatment. Workplace inter-
ventions and personal measures should be done in terms of reducing hazards and related 
risks in the ICU setting. Increased employee participation should be considered in all risk 
management, monitoring, and prevention programmes. The contribution of ICU workers in 
these programmes will improve the effectiveness of the interventions associated with reduc-
ing health risks in the ICU settings.
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