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Shifting the performance of an invasive procedure from operating room or 
interventional lab to the ICU has advantages for both the patient and the doctor 

performing the procedure. The book is a guide to interventions that are commonly 
performed in the intensive care unit, without the need of an operating room. 

In the following chapters, the authors show that procedures like endotracheal 
intubation, videolaryngoscopy, pericardial puncture, lumbar puncture and 

percutaneous cholecystostomy, and intra-abdominal pressure monitoring can be safely 
performed outside the operating room, at the bed of the patient. 

All the chapters of the book are clinically orientated providing explanations and 
illustrations for invasive procedures. Practical recommendations are given in the book, 
accompanied by figures for techniques performed in critically ill patients. It will serve 
the experienced doctor who has not performed a procedure for a long time as well as 

the young doctors needing a practical assistance when facing a new patient.
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Preface

Shifting the performance of an invasive procedure from operating room or interventional
lab to the ICU has advantages for both the patient and the doctor performing the procedure.
Bedside Procedures is a guide to interventions that are commonly performed in the intensive
care unit, without the need of an operating room. The increased availability of ultrasound
guidance increases the success rate of these procedures and decreases the complication rate.

In the following chapters, the authors show that procedures like endotracheal intubation,
videolaryngoscopy, pericardial puncture, lumbar puncture, and percutaneous cholecystos‐
tomy can be safely performed outside the operating room, at the bed of the patient. Intra-
abdominal pressure monitoring should also be used at the bed of the patient to confirm
intra-abdominal hypertension and compartment syndrome in patients with pancreatitis,
peritonitis, or blunt abdominal trauma.

The first chapter is the Introductory chapter.

The second chapter “Videolaryngoscopy in the Intensive Care Unit” by Eugenio Martínez
Hurtado and his team from Madrid demonstrates that videolaryngoscopy becomes and is
effective in reducing difficult intubation in ICU patients and remains a basic pillar in surviv‐
al, evolution, and prognosis in critically ill patients. Compared with direct laryngoscopy,
videolaryngoscopy reduces the risk of difficult intubation, decreases the number of Cor‐
mack grade 3 or grade 4 views, decreases esophageal intubation, and increases first-attempt
success. This chapter of the book ends with illustrations demonstrating the correct airway
management and ways to avoid life-threatening complications.

The third chapter “Endotracheal Intubation in Children: Practice Recommendations, In‐
sights, and Future Directions” proposed by the team of professor Maribel Ibara Sarlat from
Mexico City demonstrates that endotracheal intubation can be safely performed at the bed
of the patient in critically ill children. The chapter describes the rapid sequence intubation
procedure, explains how doctors should identify a patient with difficult airway, and illus‐
trates the devices and techniques for the management of difficult airway. Tips and tricks for
preparation of intubation equipment, premedication in neonates, ET size selection for neo‐
nates, glottic structure identification, and management of deterioration after intubation are
described in attractive tables. Pertinent images present the devices used for the management
of a child that needs endotracheal intubation.

The fourth chapter “Emergency Pericardiocentesis in Children,” written by professor Cecilia
Lazea from Cluj-Napoca, describes the technique of echography-guided pericardiocentesis
in cardiac tamponade. Images with materials used for emergency techniques emphasize the
step-by-step approach to pericardiocentesis. Complications are presented at the end of the
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chapter, but they are not higher when pericardiocentesis is used as a bedside procedure than
in the cath lab or in the operating room.

The fifth chapter “Lumbar Puncture of the Newborn” written by professor Selim Oncel from
Izmit, Turkey, starts with a beautiful description of the history of lumbar puncture from an‐
cient Egypt to Heinrich Quincke. The author then presents the indications and contraindica‐
tions of the technique along with the possible complications and how to interpret the
cerebrospinal fluid findings. The substantial part of the chapter consists in the procedure
itself, with preparation of the materials, positioning of the newborn, how to take landmarks
for the puncture, and how to successfully introduce the needle and aspirate cerebrospinal
fluid. The artwork of professor Oncel speaks louder than words, and the reader of this chap‐
ter will discover a real artist in medical painting.

The sixth chapter “Percutaneous Cholecystostomy” by Michelle Maneevese and her team
from Houston, United States, also starts with a historical perspective and then continues
with the indications and contraindications of the technique. Percutaneous cholecystostomy
quickly decompresses the gallbladder to prevent gallbladder rupture and resultant peritoni‐
tis. When performed at the bed of the patient, it can be guided by echography. Both the
transhepatic and transperitoneal approaches are described as well as the Seldinger techni‐
que and the trocar technique for catheter placement inside the bladder. Fluoroscopic, ultra‐
sonographic, and tomographic images accompany the specific details of the technique.

The seventh chapter “Intra-abdominal Pressure Monitoring” by doctor Zsolt Bodnar from
Letterkenny, Ireland, describes the advantages and disadvantages of the different techni‐
ques for monitoring of the intra-abdominal pressure. It is the only possible way of establish‐
ing the diagnosis of abdominal compartment syndrome and is based on the measurement of
the intra-abdominal pressure through the bladder. The author proposes the continuous in‐
tra-abdominal pressure monitoring, describes the method and compares it with the intermit‐
tent method, and validates it as a new monitoring technique.

All the chapters of the book are clinically orientated providing explanations and illustrations
for invasive procedures. The information is accessible with a minimal theoretical back‐
ground, but some bedside procedures may require additional training and experience.
Therefore, practical recommendations are given in the book, with figures on the techniques
performed in critically ill patients.

It will serve the experienced doctor who has not performed a procedure for a long time as
well as the young doctors needing a practical assistance when facing a new patient.

Cismaru Gabriel, MD, PhD
5th Department of Internal Medicine, Cardiology Rehabilitation,

“Iuliu Hatieganu” University of Medicine and Pharmacy,
Cluj-Napoca, Romania
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1. Introduction

The number of procedures performed in an operating room (OR) or interventional radiology 
(IR) is high; therefore, the performance of bedside procedures may decongest those services 
and be more rapidly performed by the team that is closest to the patient. It was also demon-
strated that it can prevent serious adverse effects related to the transportation of patients to 
OR or IR. The price for radiology performed procedures is also higher compared to those 
performed at the bed of the patient as there are specific charges for special radiological equip-
ment, radiologist’s time and procedural space [1].

Some of the procedures performed at the bed of the patient may need ultrasound guidance.
Ultrasound should be available in the ICU department and portable devices can guide para-
centesis, thoracocentesis, pericardial puncture, abscess drainage, insertion of venous central
line, or insertion of an arterial line. In the new years, hand-held ultrasound machines made
the procedures even more easy to perform as it can be used for the guidance of vascular access
or fluid removal from the pericardium, pleura, abdomen, cystostomy, etc. The placement of
inferior vena cava filters is performed in patients with deep vein thrombosis and contraindica-
tion to anticoagulants or recurrent thromboembolism after correct anticoagulation. Filters can
be implanted at the bed of the patient using intravascular echography, available as rotational
or sectorial ultrasound. Transesophageal echocardiography can also be used at the bed of the
patient to guide implantation of chemotherapy chambers or chambers for continuous high doses
of diuretics [2].

Many procedures utilize special available kits for central venous catheter placement, arterial 
line placement, pericardiocentesis (Figure 1), pulmonary artery catheterization, percutaneous 
tracheostomy, temporary pacemaker insertion (Figure 2), port-a-cath (Figure 3) lumbar punc-
ture or suprapubic cystostomy. These kits include drapes, gloves, caps, gowns and masks for 

© 2018 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.
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Figure 2. Temporary pacemaker insertion kit: it contains: (A) an atraumatic guidewire that will be introduced in a central 
vein: femoral, jugular or subclavian, (B) a plastic introducer that will remain inside the vein during the temporary stimulation 
of the heart, (C) a transvenous lead that will be fixed at the level of atrial or ventricular myocardium and will be used to 
stimulate the heart, and (D) an external pacemaker that will deliver the stimulation to the heart through the transvenous lead.

Figure 1. Pericardiocentesis kit: (A) atraumatic metallic guidewire that enters inside the pericardium after the puncture 
with the needle; (B) dilator—is stiff, made of plastic and dilates the orifice made by the needle; it permits the introduction 
of the aspiration catheter; (C) aspiration catheter; and (D) needle.

Bedside Procedures2

the doctor, betadine, needles, catheters, blades, syringes, drainage catheters, bags, tubes, lido-
caine with and without adrenaline, for the procedure itself. The kit provides maximal barrier 
precautions and also lowers the rate of iatrogenic infection.

2. How to perform bedside procedures?

Before deciding to perform a procedure at the bedside of the patient in ICU, we should limit 
visitors to enter in the immediate surrounding of the patient or even in the entire unit during 
the performance of the procedure. This ensures a sterile field and also provides measures of 
privacy. On the other hand, we should separate the procedure and the patient from the rest of 
the ICU to minimize distractions and disruptions. This can be done by curtains or temporary 
partitions or by changing the room of the performance. Nurses should be present during the 
procedure, and they should be familiar with the technique of the procedure. Most of the time 
adequate sedation is necessary with midazolam, propofol and pethidine. Doses for analgesia 
and sedation should be prescribed by the doctor, but the volume of the vial and dilution 
should be known by the nurse. Prior to assisting in a new procedure, nurses, residents, stu-
dents and other staff members should receive adequate training with a prior period of obser-
vation when there is no anterior experience [3].

Figure 3. Port a cath Implantable Venous Access System kit. It can be used for chemotherapy administration, high doses 
of diuretics in terminal heart failure patients, parenteral nutrition, and blood sampling. (A) Syringe, (B) atraumatic 
metallic catheter that will be introduced through the cephalic, jugular or subclavian vein, (C) the chamber for therapy 
injection, (D) dilator used to access the central vein, (E) needle for venous puncture, (F) polyethylene catheter tubing that 
will be inserted at the junction between the right atrium and superior vena cava, and (G) 90-degree winged infusion set.

Introductory Chapter: Bedside Procedures in Critical Care Unit
http://dx.doi.org/10.5772/intechopen.73068
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For the safety of the procedure, adequate preparation is mandatory, with prior sedation, intra-
venous access, initial preparation of the kit and suitable monitoring. Specific sites for venous 
access are preferred in the function of the bedside procedure being performed. Advanced airway 
equipment should be available, especially when the bedside procedure is performed in an unsta-
ble patient. Whenever possible, informed consent should be obtained from the patient before the 
beginning of the procedure, and in case of unstable patients, consent should be obtained from a 
family member or tutor of the patient. All the staff members should be aware of the nosocomial 
infection risk. This risk can be reduced by proper hand hygiene, the use of antiseptic skin agents, 
selecting a good puncture site, and the use of sterile drapes for an aseptic technique [4].

Proper hand hygiene, appropriate site selection, use of appropriate skin preparation agents, 
and an aseptic technique with a full body drape during device insertion have been shown to 
reduce the rate of nosocomial device-related infections.

In urban non-academic, rural and community hospitals, intensivists are more likely to per-
form bedside procedures as compared to their urban academic counterparts. This is likely 
because of a lack in interventional radiology departments and performance of the procedure 
at the bed of the patient may be particularly important [5].

We are of the strong belief that hospitalization costs can be reduced by doing the procedures 
at the bedside of the patient rather than referring them to the surgery department or interven-
tional radiology.
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care units (ICU), and is usually done in more difficult conditions than in the operating room. 
Intubation failure can occur unexpectedly, and is the second most common event reflected 
in the ICU in the NAP4. Complications associated with airways were more likely to occur 
in ICU than in the operating room (severe hypoxemia, arrhythmia, hypotension, cardio-
vascular collapse, etc.), and generates more frequent damage to the patient. The theoretical 
benefits of videolaryngoscopes, as proper and correct use, offer the potential to reduce the 
difficulty of intubation in the ICU. In recent years, the role of videolaryngoscopes in ICU 
has been the subject of debate. Numerous studies have shown increased morbidity when 
performing multiple attempts at tracheal intubation. Videolaryngoscopes allow a view of 
the entrance of glottis independent of the line of sight, and have also been shown to improve 
glottis and intubation success rates in emergency and emergency services, in the prehospital 
setting, and specifically in patients with known predictors of difficult airway (DA).
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1. Introduction

Airway management (AM) in intensive care units (ICU) is a common practice that is usually per-
formed in more complicated conditions than in the operating room, where it is performed on a 
scheduled basis. The fundamental difference is that these patients are frequently in a situation of 
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For the safety of the procedure, adequate preparation is mandatory, with prior sedation, intra-
venous access, initial preparation of the kit and suitable monitoring. Specific sites for venous 
access are preferred in the function of the bedside procedure being performed. Advanced airway 
equipment should be available, especially when the bedside procedure is performed in an unsta-
ble patient. Whenever possible, informed consent should be obtained from the patient before the 
beginning of the procedure, and in case of unstable patients, consent should be obtained from a 
family member or tutor of the patient. All the staff members should be aware of the nosocomial 
infection risk. This risk can be reduced by proper hand hygiene, the use of antiseptic skin agents, 
selecting a good puncture site, and the use of sterile drapes for an aseptic technique [4].

Proper hand hygiene, appropriate site selection, use of appropriate skin preparation agents, 
and an aseptic technique with a full body drape during device insertion have been shown to 
reduce the rate of nosocomial device-related infections.

In urban non-academic, rural and community hospitals, intensivists are more likely to per-
form bedside procedures as compared to their urban academic counterparts. This is likely 
because of a lack in interventional radiology departments and performance of the procedure 
at the bed of the patient may be particularly important [5].

We are of the strong belief that hospitalization costs can be reduced by doing the procedures 
at the bedside of the patient rather than referring them to the surgery department or interven-
tional radiology.
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Figure 1. Airtraq videolaryngoscope.

hypoxemia and cardiovascular collapse, so in many situations, the airway management in these 
clinical conditions is often complicated, if not emergency. Therefore, it is usually considered that 
these patients present, at the beginning, a possible difficult airway (DA).

Although failure to manage AM sometimes occurs unexpectedly, it is known to be the second 
most common event reflected in NAP4 in the ICU [1]. So, all patients admitted in the ICU 
should be considered at risk.

The airway approach in this environment has gained interest in recent years, especially after 
NAP4, in which airway complications were found to be more likely to occur in the ICU than in the 
operating room (severe hypoxemia, in addition to arrhythmias, hypotension, and cardiovascular 
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collapse), and more frequently caused harm to the patient. This study specifically mentioned the 
theoretical benefit of videolaryngoscopes (VL), since their proper and correct use would offer the 
potential to reduce the difficulty of intubation in the ICU (Figure 1).

Other important conclusions drawn from the NAP4 were the scarce airway assessment per-
formed in the critical units and did not allow us to anticipate a DA, resulting in poor planning. 
It was also observed that, in the context of an unexpected DA, the limited ability to modify the 
established plan may lead to a failure to resolve the situation.

The utility of videolaryngoscopy in anesthesia is widely recognized and endorsements advo-
cating its use have been incorporated in the UK and American Difficult Airway Society guide-
lines [2, 3].

2. Epidemiology

The degree of difficulty with face mask ventilation (FMV) and intubation with direct laryn-
goscopy (DL) is very variable according to the studies and although the degree of difficulty 
for intubation does not have to correspond to the difficulty for ventilation with facial masks, 
if they occur together in the same patient, the consequences can be catastrophic [4].

Traditionally, the difficulty for laryngoscopy vision is difficult to intubate [5, 6].

In general, the incidence of Cormack-Lehane grades 3/4 and 4/4 ranges from 1 to 10%, and 
2–8%, respectively. These figures are up to 7.9% in pregnant women requiring general anes-
thesia, with 2% of cases being “very difficult intubation”, an incidence similar to difficult orotra-
cheal intubation (OTI) in urgent non-obstetric surgical patients.

Finally, the catastrophic situation of “can’t-intubate-can’t-oxygenate” (CICO) can occur with an 
incidence of 1–3 per 10,000 patients to 1 per 50,000 patients according to the authors.

All these figures vary between studies, mainly because there is no unanimity in the definitions 
or terms related to AM.

Within the specific context of an ICU, the incidence of DA rises to 10–20% [7–12].

Facial mask ventilation (FMV) is a fundamental element of the AM that would ensure patient 
oxygenation between the different intubation attempts. It has been classically described an 
incidence of difficulty FMV of 0.08% [5].

In 2004, a scale of 4 degrees of difficulty FMV was established, assigning a score of 0–4 accord-
ing to the difficulty found [13], which was later used in a study of 22,660 patients [14], Finding 
a degree of difficulty of:

• Grade 1: easy FMV (77.4%).

• Grade 2: easy FMV with an oral cannula or other adjuvants (21.1%).

• Grade 3: difficult FMV (inadequate, unstable or requiring two operators) (1.4%).
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• Grade 4: inability FMV (0.16%).

• Grade 3 or 4 + difficult intubation: 0.37%.

In order to increase statistical power in some variables of the previous study, in 2009, a new 
study was carried out, collecting more than 50,000 patients [15]. It was recognized that the 
incidence of impossible FMV, defined as “the inability to ventilate with facial masks despite the use 
of facilitating devices and 2-hand ventilation”, was found to be around 0.15%.

3. Particularities of airway management in the critical patient

Critical patient intubation is often performed in ICU, but can also be performed in locations 
away from the operating room, where working conditions and available materials are often 
inadequate. The difficulty rate of orotracheal intubation in emergency situations is 3 times 
higher than the programmed procedure, with a reported incidence of 10–20% failure at the first-
attempt [7], with a complication rate 50 times higher than those found during anesthesia [1].

The AM of the critically ill patient may be complicated by the anatomical characteristics 
involving the visualization of glottis opening, or the difficult passage of the tracheal tube 
through the vocal cords, or by the clinical situation itself, which may contribute to the cardio-
vascular collapse. Among these causes of physiologic DA are hypoxemia, hypotension, severe 
metabolic acidosis, and right ventricular failure [16]. In fact, approximately 20% of patients 
in the ICU will experience critical hypoxemia, which, in the worst case, leads to death. Other 
common complications are esophageal intubation, aspiration, and selective bronchial intuba-
tion, among others.

DA is defined as “that clinical situation in which an experienced anesthesiologist present difficulties 
with ventilation with a face mask, difficulty with OTI, or both”. Likewise, difficult intubation can 
be defined as “the need for 3 or more attempts for OTI, or more than 10 minutes to achieve it” [2].

However, despite handling the DA forced to take decisions and perform actions quickly and 
effectively, the truth is that there is no unanimity in the definitions or terms related to AM, because 
“the DA not exists, in reality, but is a complex interaction between the patient, the anesthetist, the 
available equipment and other circumstances” [17].

Until a few years ago, the available systems of evaluation have had in little consideration 
factors not related to the patient. Some factors that complicate and diminish the safety of the 
management of the AM such as:

• Experience.

• Pressure of time-urgency.

• Availability of suitable equipment.

• Location.

• Human factors.
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However, it is currently considered “management of context-sensitive airway”, where a gaseous 
exchange is more valued than the tracheal intubation itself [18], which consists of four ventila-
tion and oxygenation methods:

1. Facial mask.

2. Supraglottic or extraglottic devices.

3. Endotracheal tube.

4. Surgical AM.

The use of any of these methods depends not only on the devices but also on the situation 
facing the professional. In this management of context-sensitive MA, maintenance of the 
patient’s gauche exchange is the priority and should not be “device dependent”. Thus, careful 
evaluation of the “context” interpretation is essential for the safe practice of MA management.

The concept “context-sensitive AM” acquires special relevance in critically ill patients, and 
there are several causes that make it difficult to manage their AM:

1. Non-patient dependent:

• Who manages airway?

• Where is the patient?

• What equipment and medication are available?

• Who helps?

2. Dependent patient:

• Predictive tests of AD.

• Pathology of the patient (hemorrhage, edema, trauma, increased secretions, etc.).

4. Complications of intubation in the critical patient

The primary indication for OTI in ICU is the acute respiratory failure. Weakness and fatigue of 
respiratory muscles (ventilatory failure) and disruption of gas exchange (respiratory failure) 
are common, and the risk of hypoxemia and cardiovascular shock during the OTI process is 
high, ranging from 15 to 50%.

Critical patient intubation presents life-threatening complications in more than one-third of 
cases [19]. The most common are respiratory and hemodynamic alterations [20]. The main 
adverse event associated with the technique is hypoxemia with a dramatic decrease in periph-
eral oxygen saturation (SapO2) despite adequate preoxygenation. In almost half of the cases, 
the indication for tracheal intubation is due to an acute respiratory failure with a previous 
SapO2 of less than 90% that supports the appearance of severe hypoxemia.
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The second complication due to its frequency is hemodynamic alteration with hypotension 
after intubation, associated or not with desaturation. Mort reported 60 cardiac arrests dur-
ing 3035 intubations outside the operating room (incidence of 2%) [21]. About 83% of these 
patients experienced severe hypoxemia (SatpO2 < 70%). The choice of the drug suitable for 
anesthetic induction is very important to minimize hypotension in the critical.

Other complications described in the literature are esophageal intubation and pulmonary 
aspiration. The former increases the risk of cardiac arrest by 15 times.

NAP4 reported that ICU, far from representing a safe place to operate the airway, were a 
place of potential danger. Airway-related complications were more likely to occur in the ICU 
than in the operating room, and more often resulted in harm to the patient. Thus, the rate of 
airway complications that appeared in the ICU was more than 50 times higher than those 
found during anesthesia, and 61% of the ICU patients reported on NAP4 suffered neuro-
logical damage or death, compared to 14% during the anesthetic procedure and 33% in the 
emergency department. Although most of the potentially fatal airway events in the ICU were 
due to especially tracheal tube displacement or tracheostomy (especially in obese patients), 
difficulties were also identified associated with esophageal intubation, rapid sequence intuba-
tion, and failure techniques of the rescue of the airways [1].

There are four factors that are independently associated with a serious complication during 
the procedure:

1. Age is a factor that cannot be modified and is accompanied by a worse response of the 
organism to any aggression.

2. Second, there are two factors depending on the patient’s previous physiological status, the 
presence of hypotension, and/or hypoxemia conditions an increased risk of complications. 
In some cases, these factors can be modified by optimizing blood pressure and oxygenation.

3. The presence of secretions in the oropharyngeal cavity hinders laryngoscopic vision and 
has been associated with an increase in the rate of failure of tracheal intubation.

4. Lastly, the need for more than one attempt for intubation increases the risk of complica-
tions. A number greater than two attempts increases the risk of hypoxemia, bradycardia, 
aspiration of gastric contents, and cardiac arrest exponentially [21].

The presence of two clinicians reduces the risk of complications.

5. Approach of the airway management in the critical patient

The aims of the AM, understood as the accomplishment of maneuvers and the use of devices 
that allow adequate and safe ventilation to patients who need it, is to guarantee the oxygen-
ation in a situation of potential vital risk for that patient.

The optimal AM and ventilation of critical patients remain a basic pillar in survival, evolution, 
and prognosis, with OTI being the gold standard in these situations.
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Most patients requiring tracheal intubation and mechanical ventilation in the ICU are, in 
contrast to those requiring these procedures in an operating room, patients with a circula-
tory and/or respiratory compromise. Therefore, the intubation procedure should be non-
aggressive and atraumatic.

The cardiorespiratory instability usually presented by the seriously ill patient (with reduced func-
tional residual capacity and safe apnea time), together with the urgent nature of the situation, the 
low predictability of the possible scenarios, jointly with the fact that it is often not possible ensure 
adequate gastric emptying, determine that the intubation of critical airway is a high-risk proce-
dure. For this reason, all critical patients should be initially managed as potential AD.

The results of the NAP4 audit are parallel to other studies that consider that multiple attempts 
at intubation in the critical patient result in a high incidence of adverse events [22]. In order to 
limit the number of attempts to two and to ensure success, interventions such as an adequate 
patient position and the existence, at the bedside, of correct material equipment and experi-
enced personnel are necessary.

The assessment of the airway in the critical patient may be complex, but adequate planning 
should be part of the daily approach to the airway. This assessment must include the factors 
that predict a DA that we routinely use in the anesthesia consultation. The patient’s position, 
the additional help present, and the available material must be evaluated prior to anesthetic 
induction. In addition, the physiological characteristics of the subject such as the full stomach 
and situations that favor desaturation (obesity and pulmonary shunt) should be considered.

The oxygenation of patients before and during intubation is of paramount importance [23]. 
Premaneuver denitrogenate has been shown to be useful as oxygenation with nasal goggles 
during apnea. The administration of high concentrations of oxygen through high-flow nasal 
glasses (HFNG) seems to offer advantages over the classic preoxygenation models. It pro-
vides some degree of positive pressure even during laryngoscopy without requiring patient 
collaboration [24].

Historically, direct laryngoscopy has been the most commonly used method for intubation 
in critically ill patients. Alternatives such as luminous stylet, supraglottic device, and flexible 
fibrobronchoscope are hardly used outside the surgical area. VLs have been proposed as an 
initial approach by some authors, but their implementation is being limited and reserved as 
a rescue technique. It is true that these devices improve the vision of the glottis, but in less-
experienced hands, they slow the procedure and, in critical patients with few reserves, addi-
tional few seconds can have fatal consequences.

6. Videolaryngoscopes in the ICU

In conventional airway management, routine OTI with traditional direct laryngoscopy (DL) is 
still the common practice [25, 26], with the Macintosh as standard gold DL, a device created just 
10 years before the first ICU was Inaugurated by the anesthesiologist Bjorn Ibsen in Copenhagen 
(December 1953) [27, 28]. On the other hand, in DA cases, the technique of choice for intubation 
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Most patients requiring tracheal intubation and mechanical ventilation in the ICU are, in 
contrast to those requiring these procedures in an operating room, patients with a circula-
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still the common practice [25, 26], with the Macintosh as standard gold DL, a device created just 
10 years before the first ICU was Inaugurated by the anesthesiologist Bjorn Ibsen in Copenhagen 
(December 1953) [27, 28]. On the other hand, in DA cases, the technique of choice for intubation 
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Figure 2. Glottic view differences.

is the use of the fiber optic bronchoscopy (FOB), although there are more and more studies in 
which videolaryngoscopy is used as an alternative approach in induced/sleep or awake patient, 
since FOB is an expensive, fragile, and requires regular maintenance, is complex to dispose of in 
emergency situations or in prehospital emergencies, and requires previous training.

Failure of endotracheal intubation using Classical Direct Laryngoscopy with a Macintosh 
laryngoscope or other technique may occur unexpectedly. And, since the second most com-
mon event reflected in the NAP4 reports on the ICU was failed intubation, proper and correct 
use of videolaryngoscopes (VL) would offer the potential to reduce the difficulty of intubation 
in general in the ICU [1, 29].

Numerous studies have shown increased morbidity when performing multiple attempts at 
tracheal intubation. Videolaryngoscopes allow a view of the entrance of glottis independent 
of the line of sight (LI), especially those that have angled blades. The fact that the image sensor 
is in the distal part of the blade causes us to have a panoramic view of the glottis, without the 
need to “align the axes”, thus avoiding hyperextension of the head, and in practice having a 
Laryngoscopy Cormack-Lehane (CL) grade 1 or 2 (CL 1/4 or 2/4) in 99% of the cases (Figure 2).

VL have also been shown to improve glottis and intubation success rates in emergency and 
emergency services, in the prehospital setting, and specifically in patients with known predictors 
of DA [30].

However, achieving CL grade 1 laryngoscopy (CL 1/4) in laryngoscopy with a VL does not guar-
antee the success of OTI, which is relatively frequent in VLs that have a curved leaf, especially 
during the learning stage [31, 32].

Previous studies with novice and experienced anesthetists have suggested that the learning 
curve with an optical device can be around 20 applications to be competent to manage [33].
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Although these numbers are lower than those suggested by Greaves (80% of competence 
acquired with 30 cases, and complete with 100 cases), the video imaging technology of these 
new devices offers a shared vision between instructor and student [34], which can facilitate the 
teaching of airway anatomy, critical assessment of technique, and feedback. This may lead to 
skill acquisition faster than that achieved with traditional training with direct laryngoscopy [35].

This difficulty in achieving intubation despite the correct exposure of the larynx even in expert 
hands may be finally impossible, and success depends more on the operator’s ability and patient’s 
airway characteristics than on the own device [36]. However, in an attempt to overcome this 
problem, channeled videolaryngoscopes have the advantage of orienting the endotracheal tube 
(ETT) toward the trachea, allowing directed intubation with a little manipulation of the airway.

On the other hand, the evidence suggests that the use of indirect laryngoscopy (IL) improves 
the overall success rate of emergency/emergency tracheal intubation, as well as reduces the inci-
dence of esophageal intubation when compared to conventional direct laryngoscopy (LD) [36].

In addition to this, we must mention that the VL, thanks to its good image quality, allow to 
easily recognize the structures of the larynx to achieve an image with a field between 45° and 
60°, as opposed to the distant and tubular vision of the classical laryngoscopy (about 15°).

This image also allows to be certain about both the success of the intubation and the depth of 
insertion of the ETT, and can also easily recognize and correct esophageal intubation, a seri-
ous cause of morbidity and mortality. And another added advantage is that they provide an 
LED light, of greater luminous intensity than the conventional one and with a spectral irradia-
tion closer to the human eye.

The NAP4 (the 4th National Audit Project on Major Complications in Airway Management in the 
UK) specifically mentions the theoretical benefit of videolaryngoscopes [1], with evidence that 
they can be more efficient than a Macintosh laryngoscope conventional.

For these and other reasons, these optical devices were incorporated into the airway man-
agement guidelines by the ASA as valid options in both the DA as usual, including, without 
excluding or limiting, laryngoscopes with different sizes and types of blades, VL, facial masks 
or supraglottic airway devices (SAD) such as laryngeal mask (LMA) or Fastrach® (ILMA), 
laryngeal tube, etc., fibrobronchoscope (FBO), extraglottic device (Frova, Eischman, etc.), 
nasal intubation, etc. [2].

6.1. Features

The characteristics that would define an ideal intubation device are described in Table 1.

During the last few years, many types of rigid, semi-rigid, optical, fiber optic and video-
assisted laryngoscopes have been developed, as well as stiff and flexible stylets, as well as the 
classic flexible fibrobronchoscope, all of them with a common goal: to solve a classic problem 
for anesthesiologists, the difficult airway. The clinical evidences tell us about the real useful-
ness of all these devices in the solution of the problem for which they were designed. Scientific 
evidence of its use, the advantage of one over another, and the choice of each of them in a 
particular patient are yet to be determined.
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At the moment, all the VL present as common characteristics [37–44]:

1. Technically: they present a wider image, high resolution, with improvement of the degree 
of laryngoscopy. Indirect vision of the glottis can be obtained in different ways:

(a) Camcorder whose digital image is transmitted to a screen of an external monitor.

(b) Beam of optical fibers.

(c) System of prisms, which transmit the image through a system of lenses.

2. Procedure: similar to the Macintosh or Miller laryngoscope, although on other occasions it 
is inserted through the midline, or fiber optic bronchoscope (FOB).

3. Teaching: allow to teach and show multiple visions, the assistant visualizes and can see the 
result of laryngeal manipulation. The procedure can be saved and remembered. It facili-
tates the learning of alternative techniques to FBO, etc.

4. Research: images can be stored.

5. Comfort for the user: more comfortable posture, less contact with secretions, blood, etc.

6.2. Classification

Resulting the classifications proposed by Pott et al. [43], Healy et al. [38], and Niforopoulou 
et al. [44], although all VLs allow a view of the entrance of glottis independent of the line of 
sight (indirect laryngoscopy [LI]), could be classified according to the type of blade [42]:

• Light and portable.

• Economic and one-time use. Disposable, no risk of cross contamination.

• Short learning curve. Easy intubation with minimal skills.

• Good glottal visibility.

• Presence of an anti-fogging system that ensures the visualization of the airway despite the presence of secretions.

• Rapid orotracheal intubation, with minimal manipulation of the patient.

• Suitable for all types of ETT.

• Allow the administration of O2/ventilate.

• Allow aspiration.

• It does not produce hemodynamic changes.

• Adaptable to the anatomy.

• Can be used with little mouth opening.

• Do not need cervical hyperextension.

• It can be used with the patient in any position.

• Possibility of connection to monitor for teaching.

• It can be used in awake patients.

• Multiple display options.

• Storage capacity and image integration.

Table 1. Characteristics of an ideal intubation device.
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1. VL with “Standard” rigid blade, similar to the LD Macintosh such as the C-MAC (Karl 
Storz, Tuttligen, Germany) or McGrath MAC (Aircraft Medical, Edinburgh, UK), among 
others. Also used as a conventional direct laryngoscope. This reduces, at least theoretically, 
the learning curve needed to use them correctly.

Other advantages common to all of them are the ease of visualization of the glottic structures, 
which allow to use any type of endotracheal tube (ETT) and the longer duration than the 
fiberscope, combined with the lowest cost.

The disadvantage is that, even in most of cases CL improves, the introduction of ETT is some-
times difficult and a certain practice is required, so eventually ETT must be performed with a 
guarantor (contrary to which occurs with angled blades).

2. VL with Angled Rigid Blade such as Glidescope (Verathon, Bothell, WA, USA), king vision 
with no channel blades (KingSystems, www.Kingsystems.com, distributed in Spain by 
Ambu a/S, www.ambu.es), the McGrath MAC X blade (aircraft medical, Edinburgh, UK), 
or the C-MAC D blade (Karl Storz, Tuttligen, Germany), among others.

All of them present advantages common to all of them: ease of visualization of glottic struc-
tures, allow to use any type of ETT and longer duration than the fiberscope.

The disadvantage is that, although Cormack-Lehane improves in most cases, the introduction 
of ETT is sometimes difficult.

The lack of a channel in which to put the ETT usually requires a certain practice and, often, it 
is necessary to preform the ETT with a catcher that provides the same the angulation that has 
the blade of the VL so as to be able to direct it to the entrance of the glottis.

3. Videolaryngoscopes with Channel to guide the ETT such as Airtraq (Prodol Meditec, Viz-
caya, Spain, 2005. US Patent No 6,843,769), King Vision with a channeled blade (KingSys-
tems), and the Pentax-AWS-S100 (Pentax Corporation, Tokyo, Japan), among others.

They all have a channel through which the ETT slides for intubation. As the ETT is directed by 
the channel, we must do any modification of movements on the device and not on the tube.

The tube does not need to be preformed with a stylet and generally enhances the Cormack- 
Lehane.

6.3. Current scientific evidence

The new optical devices are recommended to improve the management of the airway, both 
in anesthetic care and in critical patients [41, 42, 45, 46]. In recent years, the role of videolar-
yngoscopes has been debated, especially its use in the ICU [29, 31, 37, 42, 47–51], where there 
is a lack of scientific evidence and, in general, intubation is performed in more complicated 
conditions than in the operating room [52]. However, this evidence is supported in the surgi-
cal setting as there are randomized controlled trials (RCTs), meta-analyses, and systematic 
reviews. Although the environments are different, neither the techniques for the acquisition 
of competencies, and in one place as in the other, there are situations of unexpected vital 
commitment and/or deterioration of respiratory and hemodynamic function [7, 21, 41, 53, 54]. 
Therefore, the results of existing studies in surgical areas can be extrapolated to the field of 
ICU for many of the above-mentioned plots.
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In this sense, Healy et al. published an updated systematic review of Videolaringoscopes 
in 2012 with the objective of organizing the literature about the effectiveness of modern 
VL in the OTI and then performing a quality assessment and making recommendations 
for its use [38].

The comparison of VL with LD was based on three main results: global success, first-attempt 
success, and successful intubation time.

The vision of the glottis was a desirable result, but since with the VL the intubation can be 
performed despite having a limited view of it and, on the other hand, a good view of the 
larynx does not always guarantee a successful intubation, it was not considered a target for 
the recommendation.

The final recommendations of the study could be summarized in three points:

1. In patients at risk of difficult laryngoscopy, the use of Airtraq, C-Trach, GlideScope, Pentax 
AWS, and V-MAC is recommended for successful intubation.

2. The use of the Airtraq, Bonfils, Bullard, C-Trach, GlideScope, and Pentax AWS by an operator 
with reasonable prior experience is recommended for successful intubation in CLD (CL ≥ 3).

3. There is additional evidence to support the use of Airtraq, Bonfils, C-Trach, GlideScope, 
McGrath, and Pentax AWS after intubation failed by direct laryngoscopy to achieve suc-
cessful intubation.

Be that as it may, the use of VLs not only improves glottic vision, and in the ICU they also 
present other advantages such as positive effects on teamwork, communication and knowl-
edge of the situation, as well as on technical skills. The use of VL on the training of residents, 
with an adjunct that shares their opinion as responsible for intubation seen on the screen, giv-
ing advice to help intubation, training nurses of the ICU allowing them to control the effect of 
the pressure on the cricoid during the sellick, adjusting it as necessary. In addition, the VL is 
immediately available, which means an improvement in the management of the unexpected 
DA [37, 55].

A major advantage of standard “rigid” VL, like the LD Macintosh, is that they use the same 
skills as LD, which reduces the need for specific training in VL, while facilitating the training 
of residents in the management of the airway by LD. In addition, intubation can be recorded 
for post-event teaching.

The study by De Jong et al., from the Montpellier group, evaluated the McGrath MAC (Aircraft 
Medical, Edinburgh, Scotland), a VL with a Macintosh type spade that allows intubation 
using conventional or indirect direct laryngoscopy. The results reported by these authors are 
similar to other studies, noting that it is easier to visualize the glottis using VL and that fewer 
attempts are required to achieve intubation. However, although De Jong et al. showed a sig-
nificant reduction in the incidence of difficult laryngoscopy and/or difficult intubation with 
VL McGrath MAC (4 vs. 16%) in ICU patients did not provide information on whether or not 
actual intubation time was shorter [51].

In ICU, where patients are often under a cardiorespiratory compromise, reducing the time 
the patient is without adequate ventilation/oxygenation is probably more important than the 
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time it takes to visualize the glottis. In the study by Yeatts et al. was found that a shorter time 
was required to insert an ETT when a conventional direct laryngoscopy was performed [56]. 
In fact, in this study, an IL with Glidescope (Verathon Médico, Bothell, WA) was associated 
with prolonged intubation times in trauma patients, with a longer time of hypoxemia and a 
higher mortality in patients with traumatic brain injury [57]. These results coincide with those 
of the ICU study carried out by Griesdale et al., who found that intubation with Glidescope 
VL resulted in lower oxygen saturations [58].

In addition, the study by De Jong et al., from the Montpellier group, evaluated McGrath MAC, 
a “mixed” VL that can be used both to obtain direct and indirect laryngoscopy vision [51]. 
This prospective study showed that systematic use of a “mixed” VL, also termed “combo VL” 
or “combined VL”, for intubation within a process of quality improvement using an algorithm 
of airway management significantly reduced the incidence of difficult laryngoscopy and/or 
difficult intubation.

In the multivariate analysis, the use of a standard laryngoscope was an independent risk fac-
tor for difficult laryngoscopy and/or difficult intubation, as was the Mallampati III or IV score 
and the status of nonexpert operator. On the other hand, in the subgroup of patients with 
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or “combined VL”, for intubation within a process of quality improvement using an algorithm 
of airway management significantly reduced the incidence of difficult laryngoscopy and/or 
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In the multivariate analysis, the use of a standard laryngoscope was an independent risk fac-
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and the status of nonexpert operator. On the other hand, in the subgroup of patients with 
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intubation was much higher in the standard laryngoscope group (47%) than in the “mixed” VL 
group (0%). These results were in agreement with the previous studies [51].

Cameron et al. perform a study to evaluate the odds of first-attempt success with video laryn-
goscopy compared with direct laryngoscopy, using a propensity-matched analysis to reduce 
the risk of bias, for intubations performed in a medical ICU. They accomplish an analysis 
of prospectively collected data for 809 consecutive intubations performed between 2012 and 
2014 in the ICU of an academic tertiary referral center that supports fellowship training pro-
grams in pulmonary and critical care medicine [59].

This study comparing video laryngoscopy with direct laryngoscopy as performed by non-
anesthesiologist trainees in a medical ICU demonstrates improved first-attempt success asso-
ciated with video laryngoscopy. Author’s findings are clinically significant and consistent 
with other reports and meta-analyses. These results, in combination with the existing litera-
ture on the success of video laryngoscopy and the availability of video laryngoscopy in most 
academic medical ICUs, suggest that video laryngoscopy should be considered the primary 
method of laryngeal visualization for intubations performed in ICUs, where there is increased 
risk of intubation-related complications.

A 2014 meta-analysis found that, compared with direct laryngoscopy, videolaryngoscopy 
improved glottis view and first-attempt success for orotracheal intubation in ICU [10]. 
However, both randomized controlled trials (RCTs) and observational studies were included 
in that study, and evidence from RCTs was limited. In the past months, new RCTs have 
debated the application of videolaryngoscopy in airway management in ICU [60, 61]. Bing-
Cheng Zhao et al. performs a meta-analysis of RCTs to evaluate the effects of video laryngos-
copy on first-attempt success and complications related to intubation in ICU patients [50].

Four RCTs enrolling 678 patients were included [60–63], and compared with direct laryngos-
copy, videolaryngoscopy did not significantly improve first-attempt success rate (RR 1.17, 95% 
CI 0.89–1.53). In videolaryngoscopy groups, poor glottis visualization was less common (RR 
0.30, 95% CI 0.14–0.64), and incidence of esophageal intubation was lower (RR 0.31, 95% CI 
0.11–0.90). However, videolaryngoscopy did not reduce the time for successful intubation and 
other outcomes, including severe hypoxemia, hypotension, mechanical ventilation duration, 
and ICU mortality.

Nonetheless, trial sequential analysis showed that the current evidence on the use of vide-
olaryngoscopy is still inconclusive. The prima facie question is whether there may be a type 
H error due to an inadequate sample size, seeing that there already exists a trend favoring the 
use of videolaryngoscopy in relation to the primary outcome of successful first-attempt intu-
bation. A previously published meta-analysis of nine studies by De Jong et al. demonstrated 
the superiority of videolaryngoscopy versus direct laryngoscopy with an odds ratio (OR) 
of 2.07 (95% CI 1.35–3.16) [10]. Significant heterogeneity exists in the forest plot (P test 73%) 
with appreciable differences between the operators from inexperienced medical students to 
critical care medicine experts [50]. Nonanaesthesiologist as operator has been validated to be 
a risk factor for difficulty in intubation in ICU [64]. The operator’s training and experience 
in comparative studies is, in our opinion, a critical factor which influences reported differ-
ences among various intubation devices. Out of the four randomized trials included for the 
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meta-analysis [50], data from Silverberg et al. [61] was excluded for the analysis of time for 
successful intubation on the grounds of high bias risk (due to suboptimal allocation conceal-
ment and randomization strategy). The study by Silverberg demonstrated statistically and 
clinically significant differences in the time for successful intubation favoring videolaryn-
goscopy. Non-inclusion may affect the pooled data analysis by Zhao et al. [50]. Curiously, 
data from the same study was included for pooled analysis of the primary outcome (rate of 
successful intubation on the first-attempt). Two of the included studies compared the perfor-
mance of the Glidescope with direct laryngoscopy, and two pooled data sets were included 
from studies comparing the McGrath videolaryngoscope against direct laryngoscope. Not 
all videolaryngoscopes are the same and the airway literature distinguishes channeled vide-
olaryngoscopes versus the anteriorly angulated variety versus the Macintosh-like videolaryn-
goscopes—appreciating peculiar advantages and disadvantages of each. Combining results 
from all videolaryngoscopes as an entity may have its limitations.

In this regard, Joshi et al. [65] have tried to identify characteristics associated with first-
attempt failure at intubation when using videolaryngoscopy in the ICU. They perform an 
observational study of 906 consecutive patients intubated in the ICU with a video laryngo-
scope between January 2012 and January 2016 in a single-center academic medical ICU. After 
each intubation, the operator completed a data collection form, which included information 
on difficult airway characteristics, device used, and outcome of each attempt.

In this single-center study, there were no significant differences in sex, age, reason for intuba-
tion, or device used between first-attempt failures and first-attempt successes. First-attempt 
successes more commonly reported no difficult airway characteristics were present (23.9%; 
95% confidence interval [CI], 20.7–27.0% vs. 13.3%, 95% CI, 8.0–18.8%).

Presence of blood in the airway (OR, 2.63, 95% CI, 1.64–4.20), airway edema (OR, 2.85; 95% CI, 
1.48–5.45), and obesity (OR, 1.59, 95% CI, 1.08–2.32) were significantly associated with higher 
odds of first-attempt failure, when intubation was performed with videolaryngoscopy in an ICU.

In a second logistic model to examine cases in which these additional difficult airway charac-
teristics were collected (n = 773), the presence of blood (OR, 2.73, 95% CI, 1.60–4.64), cervical 
immobility (OR, 3.34, 95% CI, 1.28–8.72), and airway edema (OR, 3.10; 95% CI, 1.42–6.70) were 
associated with first-attempt failure [65].

There are important limitations in this study, such that when certain difficult airway charac-
teristics such as blood, vomit, or airway edema could have been known before the intubation 
attempt or encountered during the attempt, it is possible that operator reporting of these dif-
ficult airway characteristics was more common when they were unexpectedly encountered. 
Moreover, multivariable analyses account for experience of the operator. The generalization 
of these study results may be limited given the exposure, airway curriculum, and experience 
of trainees at this institution compared to others.

Nevertheless, the intensive care professional should account for these difficult airway char-
acteristics, blood, cervical immobility, and airway edema, when preparing for endotracheal 
intubation with video laryngoscopy in addition to standard practices employed to optimize 
first-attempt success.
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in comparative studies is, in our opinion, a critical factor which influences reported differ-
ences among various intubation devices. Out of the four randomized trials included for the 
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Janz et al. [62] evaluates the effect of video laryngoscopy on the rate of endotracheal intuba-
tion on first laryngoscopy attempt in a randomized, parallel-group, pragmatic trial of video 
compared with direct laryngoscopy among 150 critically ill adults undergoing endotracheal 
intubation by Pulmonary and Critical Care Medicine fellows in a Medical ICU in a tertiary, 
academic medical center.

The primary outcome was the rate of intubation on first-attempt, adjusted for the operator’s 
previous experience with the intubating device at the time of the procedure. Adjustment for 
the operator’s previous device experience was performed by collecting the number of times 
the operator had previously used a VL or DL at the time of each intubation event during the 
trial, such that the adjustment for prior experience with a specific device was updated con-
stantly as the trial progressed.

Videolaryngoscopy improves glottic visualization but does not appear to increase procedural 
success in unadjusted analyses or after adjustment for the operator’s previous experience 
with the assigned device (OR for video laryngoscopy on intubation on first-attempt 2.02, 95% 
CI, 0.82–5.02, p = 0.12). Secondary outcomes of time to intubation, lowest arterial oxygen satu-
ration, complications, and in-hospital mortality were not different between video and direct 
laryngoscopy [62].

The results of all of these studies are in contrast with results of prior studies demonstrating 
improved procedural success with VL [30, 36, 61]. There are several potential explanations for 
this difference, as that prior study limited to noncritically ill populations [66] may not apply 
to the patient, operator, and procedural conditions surrounding intubation in the ICU.

A lack of accounting of the experience of the operator at the time of the procedure [30, 36, 49, 
61, 67] may also confound the results all of these works.

Several studies have shown that videolaryngoscopy enhances the laryngeal view in patients 
with apparently normal and anticipated difficult airways [32, 33, 39, 53, 68–70]. And there 
are a number of possible reasons why improving glottis view with VL does not translate 
into procedural success. Therefore, these data may not be generalizable to operators using 
videolaryngoscopes other than the McGrath MAC and direct laryngoscopes with straight 
blades. And some authors theorize that improving glottic view with VL may only matter to 
less-experienced operators [62].

The MACMAN trial (McGrath Mac Videolaryngoscope Versus Macintosh Laryngoscope for 
Orotracheal Intubation in the Critical Care Unit) is a multicentre, open-label, randomized 
controlled superiority trial published in JAMA [63]. It was a multicenter, randomized, open-
label trial, which included all ICU patients that needed orotracheal intubation.

Lascarrou et al. try to determine whether video laryngoscopy increases the frequency of suc-
cessful first-pass orotracheal intubation compared with direct laryngoscopy in ICU patients. 
They perform a randomized clinical trial of 371 adults requiring intubation while being 
treated at 7 ICUs in France between 2015 and 2016, and there was 28 days of follow-up.

The primary outcome was the proportion of patients with successful first-pass intubation. The 
secondary outcomes included time to successful intubation and mild to moderate and severe 
life-threatening complications.
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The first intubation attempts were made by a nonexpert in 83.8% of patients. There were no 
difference in first-pass success between the VL (67.7%) and the ML (70.3%) groups (absolute 
difference, −2.5% [95% CI, −11.9% to 6.9%]; p = 0.60. These results were sustained even after 
adjusting for operator expertise and MACOCHA score.

The proportion of first-attempt intubations performed by nonexperts (primarily residents, 
n = 290) did not differ between the groups (84.4% with videolaryngoscopy vs. 83.2% with 
direct laryngoscopy; absolute difference 1.2% [95% CI, −6.3% to 8.6%]; p = 0.76). The median 
time to successful intubation was 3 min (range, 2–4 min) for both videolaryngoscopy and 
direct laryngoscopy (absolute difference, 0 [95% CI, 0 to 0]; p = 0.95). Videolaryngoscopy was 
not associated with life-threatening complications (24/180 [13.3%] vs. 17/179 [9.5%] for direct 
laryngoscopy; absolute difference, 3.8% [95% CI, −2.7% to 10.4%]; p = 0.25). In post hoc analy-
sis, videolaryngoscopy was associated with severe life-threatening complications (17/179 
[9.5%] vs. 5/179 [2.8%] for direct laryngoscopy; absolute difference, 6.7% [95% CI, 1.8% to 
11.6%]; p = 0.01) but not with mild to moderate life-threatening complications (10/181 [5.4%] 
vs. 14/181 [7.7%]; absolute difference, −2.3% [95% CI, −7.4% to 2.8%]; p = 0.37).

The main reason for intubation failure in the ML group was inability to see the glottis, and in 
the VL group was failure of tracheal catheterization.

The ability to see the glottis is related to the expertise with the procedure and the equipment 
you are using, either way, since the groups were balanced regarding the physicians’ expertise, 
the difference found between the two groups here might be because it is easier to visualize 
the glottis with the VL. The failure of tracheal catheterization, 70.7% (VL) vs. 23.5% (ML), 
can be explain with the learning curve or because they study a non-channeled VL. Eye-hand 
coordination, especially when looking through a monitor, is not learned with a few training 
sessions. Stratified by center and “the status of expertise or nonexpertise of the individual perform-
ing intubation”. Unfortunately, the expert defying criteria did not include any experience with 
VL, and a good explanation for this difference is the lack of experience with the VL device 
besides the absence of channel in the blade.

Several studies comparing videolaryngoscopy with direct laryngoscopy have demonstrated 
improved rates of first-attempt success in the operating room, emergency department, trauma 
unit, and simulation laboratory, as well as during active cardiopulmonary resuscitation [56–
58, 71–80]. Data comparing videolaryngoscopy with direct laryngoscopy on first-attempt 
success in the ICU are limited to a small number of observational studies [30, 36, 81–83], a 
meta-analysis of those studies [10], and some randomized controlled trials [60, 61].

Randomized controlled trial data comparing video laryngoscopy with direct laryngoscopy in 
the medical ICU are limited in number and external validity, especially for intubations per-
formed by nonanesthesiologists.

6.4. Limitations

Videolaryngoscopes have among their disadvantages the cost, which mainly restriction access 
in areas outside the operating room. Devices need to be connected to the mains or batteries, 
and those that have an external monitor connected by cable may be little “portable”.
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treated at 7 ICUs in France between 2015 and 2016, and there was 28 days of follow-up.
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6.4. Limitations
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Figure 4. Technique to guide endotracheal tube (ETT).

Because they provide an indirect image, the blood, secretions, and fogging of the lens obscure 
the image.

The fogging can be prevented by pre-aspirating the pharynx, or by preheating or applying 
specific solutions to the distal lens if the device does not have a concrete anti-fogging system 
(such as GlideScope, Airtraq, King Vision, etc.).

Like any other device, VLs require a learning curve. Those who have a shovel similar 
to that of the Macintosh (without a canal) need a transglottic device (guarantor, Frova, 
Eschman, etc.), inserted through a technique that must be learned since they can generate 
traumatisms on the soft palate during its introduction. On the other hand, if the opera-
tor cannot properly position the device-channel blade, the tube can be guided into the 
esophagus. When this occurs, while maintaining a good vision of the glottis and the patient 
remains stable and well oxygenated, we can try to solve the problem by a light movement 
of the device (Figure 4) or the ETT (Figure 5), which will help guide the ETT and achieve 
successful intubation.

6.5. Complications

All of these devices allow an optimal visualization of the glottic anatomy, but sometimes the 
maneuvers required for intubation involve greater complexity because of the difficulty in 
orienting the ETT.

For this reason, specific guides and catheters have been designed for intubation.

Nevertheless, in parallel with the clinical use of these devices, complications have been described.

Bedside Procedures22

Thus, lacerations of the glottic mucosa, vocal cord lesions, subluxations of arytenoids, and 
supracarinal tears are some of the complications encountered with the use of these new devices.

6.6. Practical approach to videolaryngoscopy

If we decide to use any device in our patients we think about practical approach of this device 
and not only in theoretical applications. In the case of videolaryngoscopes, we can raise 
doubts about how is the procedure different of direct videolaryngoscopy?

When we will perform the intubation, we must take into account that videolaryngoscope 
intubation is quite different than traditional direct laryngoscopy. The videolaryngoscope 
blade must be inserted into the middle of the mouth and rotated around the tongue in order 
to line up the camera lens with the larynx.

Always insert the videolaryngoscope midline into the mouth looking at the patient until its 
tip has passed the palate.

Once the blade has turned the corner into the pharynx, look at the monitor while glancing at 
your patient to optimally position the blade.

Figure 5. Technique for orienting the endotracheal tube (ETT).
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There are three types of blade. The non-channeled blades can be equal to the traditional direct 
laryngoscope blade or can be angled. This angle used to be 60° or similar, and make impos-
sible direct visualization of the glottis.

The third type is the channeled blades that have a channel to lead the ETT toward to the glottis.

We have to be very clear that videolaryngoscopes allow a view of the entrance of glottis inde-
pendent of the line of sight, especially those that have angled blades, but if we use a non-
channeled and non-angled blade, it will be equal to the traditional direct laryngoscope blade, 
and we have a similar glottic view if we perform a direct laryngoscopy.

Other important question is about patient head position regard. One of the most important 
features of these devices, particularly angled blades, is that the head and neck should be in 
extreme sniffing position or in a neutral position during all the intubation intent. We can see 
indirectly glottis, independent of the line of sight, because the image sensor is in the distal 
part of the blade. This give us a panoramic view of the glottis, without the need to “align the 
axes”, thus avoiding hyperextension of the head.

But, if we do not need to move head’s patient, do we still lift the jaw upward like in direct 
videolaryngoscopy? In clinical practice, Cormack-Lehane grade obtained with videolaryngo-
scopes use to be one or two at last in 99% of the cases. But, this view not guarantees the suc-
cess of intubation, which is relatively frequent in videolaryngoscopes that have a curved leaf, 
especially during the learning stage. This difficulty in achieving intubation despite the correct 
exposure of the larynx even in expert hands may be finally impossible.

So, in practice, sometimes perform the traditional maneuvers as lift the jaw upward, BURP maneu-
ver, wear the epiglottis or move carefully the videolaryngoscope can facilitate the intubation.

As stated above, usually all patients had grade 1 or 2 Cormack-Lehane views (grade 1: full glot-
tic view; grade 2: partial glottic view; grade 3: epiglottis visible but no glottic view; and grade 
4: epiglottis not visible) with videolaryngopscopes. However, achieving CL grade 1 laryngos-
copy in videolaryngoscopy does not guarantee the success of OTI, which is relatively frequent 
in VLs that have a curved leaf.

There have been a number of maneuvers suggested to increase the success of passing the 
endotracheal tube when glottic visualization is excellent and the tube is not easily passed 
using usual methods.

With non-channeled blades, once the blade is positioned with the larynx in view (as we explain 
in the previous point), we insert the ETT along the right side of the blade. Even though the 
magnificent view of the larynx on the monitor at this point, we must remember that the larynx 
is not in the direct line of sight.

Therefore, a properly curved stylet must be used to guide the endotracheal tube into the 
larynx. Unlike the typical “hockey-stick” shape used during direct laryngscopy and in the 
standard videolaryngoscope blades, the stylet should match the curve on the angled blades.

If it is being used a standard stylet, it must be placed into the ETT and then mold it against the 
blade so that the curves match. The ETT can leave into the sleeve to keep it clean.
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Because a standard disposable stylet is so malleable, occasionally it will straighten during 
insertion, especially if the oral space is tight. This leads to the scenario of being able to see the 
larynx and not being able to “get there”. There are specific stylets, some of them nondispos-
able, which are preconfigured to the correct curve of their videolaryngoscope. Some of them 
are very stiff and can potentially damage pharyngeal structures, so that they must pull back 
slightly before fully inserting the ETT into the trachea.

Regardless of which stylet you are using, insert the endotracheal tube with the curve aimed 
toward the right side of the mouth, under direct vision until to see it on the monitor.

At this point rotate the tube back toward the midline, and aim it at the glottic opening.

If the mouth is small, it can be helpful to insert the ETT into the mouth first, slide it far to the 
right side of the mouth, and then insert the videolaryngoscope non-channeled blade midline.

To avoid lesions, it is mandatory to look at the patient during insertion of the ETT as described 
above until its tip has passed out of view beyond the tonsillar pillars. Only after the tip of 
the ETT has turned the corner into the pharynx should you look at the monitor, otherwise 
you can injure teeth, lips, tongue, and pharyngeal structures. Manipulate the tip of the tube 
through the glottis, and then pause to withdraw the stylet 2–3 cm. to effectively soften the tip 
of the ETT. Advance the ETT into the trachea looking at the monitor.

Channeled videolaryngoscopes have the advantage of orienting the ETT toward the trachea, 
allowing directed intubation with a little manipulation of the airway.

After successful intubation, remove the videolaryngoscope looking at the patient, not the monitor.

And, finally, we must think about regurgitation. Cricoid pressure, also named Sellick maneu-
ver, is a standard anesthetic maneuver used to reduce the risk of aspiration of gastric contents 
during the induction of general anesthesia, applied after induction, in the period between loss 
of consciousness and placement of a cuffed tracheal tube. This is also a standard component 
of a rapid sequence induction technique. Cricoid pressure has been shown to prevent gastric 
distension during mask ventilation too.

A correct Sellick maneuver should be applied with a force of 10 N when the patient is awake, 
increasing to 30 N as consciousness is lost. These pressures occlude the esophagus and pre-
vent aspiration during intubation, but often resulting in worsened glottis view and complicate 
intubation.

If initial attempts at videolaryngoscopy are difficult during rapid sequence induction, cricoid 
pressure should be released. This should be done under vision and suction available and, if 
we see regurgitation, cricoid pressure should be immediately reapplied.

7. Optimization of processes

In most cases, there is sufficient time to improve the intubation conditions, to perform an 
initial assessment and to evaluate the risk of intubation, to verify the availability of material, 
inductive agents and to plan alternatives.

Videolaryngoscopy in the Intensive Care Unit: We could Improve ICU Patients Safety
http://dx.doi.org/10.5772/intechopen.72658

25



There are three types of blade. The non-channeled blades can be equal to the traditional direct 
laryngoscope blade or can be angled. This angle used to be 60° or similar, and make impos-
sible direct visualization of the glottis.

The third type is the channeled blades that have a channel to lead the ETT toward to the glottis.

We have to be very clear that videolaryngoscopes allow a view of the entrance of glottis inde-
pendent of the line of sight, especially those that have angled blades, but if we use a non-
channeled and non-angled blade, it will be equal to the traditional direct laryngoscope blade, 
and we have a similar glottic view if we perform a direct laryngoscopy.

Other important question is about patient head position regard. One of the most important 
features of these devices, particularly angled blades, is that the head and neck should be in 
extreme sniffing position or in a neutral position during all the intubation intent. We can see 
indirectly glottis, independent of the line of sight, because the image sensor is in the distal 
part of the blade. This give us a panoramic view of the glottis, without the need to “align the 
axes”, thus avoiding hyperextension of the head.

But, if we do not need to move head’s patient, do we still lift the jaw upward like in direct 
videolaryngoscopy? In clinical practice, Cormack-Lehane grade obtained with videolaryngo-
scopes use to be one or two at last in 99% of the cases. But, this view not guarantees the suc-
cess of intubation, which is relatively frequent in videolaryngoscopes that have a curved leaf, 
especially during the learning stage. This difficulty in achieving intubation despite the correct 
exposure of the larynx even in expert hands may be finally impossible.

So, in practice, sometimes perform the traditional maneuvers as lift the jaw upward, BURP maneu-
ver, wear the epiglottis or move carefully the videolaryngoscope can facilitate the intubation.

As stated above, usually all patients had grade 1 or 2 Cormack-Lehane views (grade 1: full glot-
tic view; grade 2: partial glottic view; grade 3: epiglottis visible but no glottic view; and grade 
4: epiglottis not visible) with videolaryngopscopes. However, achieving CL grade 1 laryngos-
copy in videolaryngoscopy does not guarantee the success of OTI, which is relatively frequent 
in VLs that have a curved leaf.

There have been a number of maneuvers suggested to increase the success of passing the 
endotracheal tube when glottic visualization is excellent and the tube is not easily passed 
using usual methods.

With non-channeled blades, once the blade is positioned with the larynx in view (as we explain 
in the previous point), we insert the ETT along the right side of the blade. Even though the 
magnificent view of the larynx on the monitor at this point, we must remember that the larynx 
is not in the direct line of sight.

Therefore, a properly curved stylet must be used to guide the endotracheal tube into the 
larynx. Unlike the typical “hockey-stick” shape used during direct laryngscopy and in the 
standard videolaryngoscope blades, the stylet should match the curve on the angled blades.

If it is being used a standard stylet, it must be placed into the ETT and then mold it against the 
blade so that the curves match. The ETT can leave into the sleeve to keep it clean.

Bedside Procedures24

Because a standard disposable stylet is so malleable, occasionally it will straighten during 
insertion, especially if the oral space is tight. This leads to the scenario of being able to see the 
larynx and not being able to “get there”. There are specific stylets, some of them nondispos-
able, which are preconfigured to the correct curve of their videolaryngoscope. Some of them 
are very stiff and can potentially damage pharyngeal structures, so that they must pull back 
slightly before fully inserting the ETT into the trachea.

Regardless of which stylet you are using, insert the endotracheal tube with the curve aimed 
toward the right side of the mouth, under direct vision until to see it on the monitor.

At this point rotate the tube back toward the midline, and aim it at the glottic opening.

If the mouth is small, it can be helpful to insert the ETT into the mouth first, slide it far to the 
right side of the mouth, and then insert the videolaryngoscope non-channeled blade midline.

To avoid lesions, it is mandatory to look at the patient during insertion of the ETT as described 
above until its tip has passed out of view beyond the tonsillar pillars. Only after the tip of 
the ETT has turned the corner into the pharynx should you look at the monitor, otherwise 
you can injure teeth, lips, tongue, and pharyngeal structures. Manipulate the tip of the tube 
through the glottis, and then pause to withdraw the stylet 2–3 cm. to effectively soften the tip 
of the ETT. Advance the ETT into the trachea looking at the monitor.

Channeled videolaryngoscopes have the advantage of orienting the ETT toward the trachea, 
allowing directed intubation with a little manipulation of the airway.

After successful intubation, remove the videolaryngoscope looking at the patient, not the monitor.

And, finally, we must think about regurgitation. Cricoid pressure, also named Sellick maneu-
ver, is a standard anesthetic maneuver used to reduce the risk of aspiration of gastric contents 
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Prior to intubation

1. Presence of two operators.

2. Perform a loading of fluids (500 ml of isotonic saline or 250 ml of colloid) in the absence of cardiopulmonary 
edema.

3. Preparation of maintenance sedation.

4. Preoxygenation for 3 min with noninvasive mechanical ventilation (NIMV) in case of acute respiratory failure 
(100% FiO2, ventilatory support pressure between 5 and 15 cm H2O, to obtain an expiratory volume between 6 and 
8 ml kg−1 and a PEEP of 5 cm H2O).

During intubation

Rapid sequence intubation (RSI): etomidate 0.2–0.3 mg kg−1 or ketamine 1.5–3 mg kg−1, combined with succinylcholine 
1–1.5 mg kg−1 in the absence of allergy, hyperkalemia, severe acidosis, acute or chronic neuromuscular disease, burn 
patient of more than 48 h evolution and spinal cord trauma. Rocuronium bromide (rocuronium) 0.9–1.2 mg kg−1 may 
be used when succinylcholine is not indicated [84–87].

5. Sellick maneuver [88].

Post-intubation

6. Immediate confirmation of the position of the ETT by capnography.

7. Noradrenaline if diastolic BP remains <35 mmHg.

8. Initiate long-term sedation.

9. Initiate lung protection mechanical ventilation: tidal volume 6–8 ml kg−1. According to ideal weight, PEEP <5 cm H2O, 
and respiratory frequency between 10 and 20 resp./min, FiO2 100% for a plateau pressure <30 cm H2O.

Table 2. Package of measures for intubation in ICU.

Even so, on other occasions, the urgency of intubation in ICU is extreme (cardiorespiratory 
arrest, polytrauma, coma, etc.), and OTI should be performed in an optimal attempt of intuba-
tion with little time to optimize the patient.

Critical patient may present, mainly, hypoxemia, severe metabolic acidosis, hypotension, and 
right ventricular insufficiency [9, 16, 19, 20], with a degree of hemodynamic instability result-
ing in a low cardiopulmonary reserve, in addition to a full stomach, etc., and the implemen-
tation of a package of measures for intubation can reduce the incidence of life-threatening 
complications from 32 to 17% (p = 0.01) during intubation (biblioUCI46). This package of 
measures should consist of 10 key points (Table 2).

Of these recommendations, six have individually demonstrated their benefit, both in anes-
thetic practice and in critical care (noninvasive mechanical ventilation [NIM], the presence of 
two operators, rapid sequence intubation [drugs and Sellick maneuver], capnography, and 
protection ventilation pulmonary).

The presence of a second operator in crisis situations has been shown to reduce the compli-
cations associated with the OTI procedure such as esophageal intubation (0.9% vs. 3.4%), 
traumatic intubation (1.7% vs. 6.8%), bronchoaspiration (0.9% vs. 5.8%), tooth damage (0% 
vs. 1.0%), and selective intubation (2.6% vs. 7.2%). The overall rate of complications also 
decreased significantly (6.1% vs. 21.7%, p < 0.0001) [89].
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Therefore, prior to anesthetic induction, at least the presence of two operators, water overload 
and preoxygenation with NIMV is recommended for 3 min in case of acute respiratory failure.

7.1. Patient’s preparation

Before the AM should be prepared the basic material:

• Ventilation: facial mask of adequate size, manual resuscitator, oropharyngeal cannula.

• Intubation: laryngoscopes, videolaryngoscopes, endotracheal tubes, extraglottic devices 
(such as FROVA or an introducer of Eschmann).

• Position: the position of the patient is an important factor and limits the reduction of func-
tional residual capacity. Several studies have shown that prior oxygenation in the semi-
seated position or with the head at 25° can achieve greater PaO2 [90, 91].

• Vacuum cleaner.

• Medication.

In the case of expected intubation difficulty, there should be a practically immediate avail-
ability of advanced AM material with different rescue devices of ventilation and intubation 
difficulty, as well as a Coniotomy cannula in the event of an eventual CICO situation.

The ICU should have prepared a difficult airway trolley, similar to those that can be found in 
the surgical blocks [1] (Figure 6).

7.2. Preoxygenation

Acute hypoxemic insufficiency is the main cause of intubation in the ICU.

One-third of patients had severe arterial desaturation (SatO2 < 80%) during intuation mane vers.

Figure 6. Reanimation difficult airway trolley examples. Left, Infanta Leonor University Hospital. Right, Getafe University 
Hospital, Madrid, Spain.
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Hypoxemia may favor the complications observed during intubation such as arrhythmias, 
myocardial ischemia, cardiac arrest, and hypoxia in the brain.

Preoxygenation is the administration of 100% FiO2 before induction. This maneuver aims to 
displace the alveolar nitrogen (N2) by replacing it with oxygen (denitrogenation), in order to 
obtain an intrapulmonary O2 reserve that allows the maximum apnea time with the lowest 
desaturation [92–96].

Traditional preoxygenation, performed with ventilation at current volume with Mapleson cir-
cuit and well-sealed facial mask, using a fresh gas flow of 5 L/min. of 100% oxygen for 3–5 min 
[94], is insufficient in the critical patient [97]. And only 50% of these patients will experience 
an increase of their PaO2 higher than 5% compared to their baseline values after conventional 
preoxygenation for 4 min [98].

In all ICU patients, preoxygenation should be performed using a NIMV with PEEP 5–10 cm 
H2O + PS 5–15 with FiO2 100%, a management that has been shown to prevent patient desatu-
ration during the procedure [98].

The mean pressure on AM will lead to alveolar recruitment, with the temporary reduction of 
intrapulmonary shunt [99] and an improvement in oxygenation. However, when this positive 
pressure is removed for OTI there is a risk of alveolar dis-reclusion, which will cause rapid 
desaturation.

Maintenance of continuous positive pressure during intubation with the use of a nasal mask 
has been shown to be beneficial in the operating room to patients with hypoxemic respiratory 
insufficiency and may be useful in ICU [100]. This apnea (or apneic) oxygenation is based 
on the alveolar pressure exerted by the blood circulation in the alveoli at slightly sub-atmo-
spheric levels, generating a negative pressure gradient.

Another option is the high-flow nasal cannula (CNAF), a system that can provide up to 100% 
warm and humidified FiO2 at a maximum flow of 60 L/min. [101].

This system allows an increase in CO2 clearance due to better pharyngeal space clearance 
[102], in addition to the generation of a continuous positive pressure in flow-dependent AM 
(CPAP) (up to 7.4 cm H2O to 60 L/min), with the reduction of respiratory resistance and main-
tenance of alveolar opening.

7.3. Recruitment maneuver

Idea of NIMV use during preoxygenation is to recruit lung tissue available for gas exchange: 
“open the lung” with PS, and “keep the lung open” with PEEP.

The combination of preoxygenation/denitrogenation (with FiO2 100%) and the apneic period 
associated with the OTI procedure can dramatically decrease the pulmonary ventilation volume 
ratio, causing atelectasis.

Recruitment maneuver (RM) consists of a transient increase in inspiratory pressure, and there are 
several possible maneuvers such as applying a CPAP of 40 cm H2O during 30–40 s immediately 
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after the OTI. When compared with not do, RM is associated with a higher PaO2 (with FiO2 100%) 
5 min (93 ± 36 vs. 236 ± 117 mmHg) and 30 min (39 ± 180 vs. 110 ± 79 mmHg) after intubation 
[103, 104].

7.4. Hypotension

Peri-OTI hypotension is a risk factor for adverse events, including cardiorespiratory arrest 
related to the management of AM, and up to 30% of critically ill patients may present post-
OTI cardiovascular collapse [21, 54, 105–107].

Systolic blood pressure (SBP) <70 mmHg complicates 10% of intubations in ICU patients 
[9, 54, 106, 107], and when the patient has a preinduction gravity HR/SBP > 0.8, hemodynamic 
optimization should be performed pre-OTI and use inducing drugs with little response.

In responder patients, resuscitation with volume [108–110] can be made, while in the nonre-
sponders, a perfusion of noradrenaline will be initiated [111, 112].

If pre-OTI resuscitation is not feasible due to the critical situation of the patient, vasoactive 
drugs will be prepared for bolus administration in order to maintain blood pressure during 
OTI and subsequent resuscitation. Although there is insufficient evidence, adrenaline diluted 
at a concentration of 1–10 mcg mL−1, to be administered in boluses of 10–50 mcg, may be most 
indicated because of its inotropic effect [16, 109, 110, 113, 114].

In patients who are not in shock but exhibit a transient drop in post-OTI blood pressure due 
to the vasodilatory effects of induction agents or the onset of positive pressure ventilation, 
diluted phenylephrine at a concentration of 100 mcg mL−1 will be administered in boluses at 
50–200 mcg [16, 109, 110].

7.5. Severe metabolic acidosis

When acidemia develops from respiratory acidosis, it can be corrected rapidly by increasing 
alveolar ventilation. However, when acidemia depends on metabolic acidosis, maintenance 
of acid-base homeostasis depends on compensatory respiratory alkalosis based on alveolar 
hyperventilation.

In situations of severe metabolic acidosis such as diabetic ketoacidosis, poisoning salicylate, 
or severe lactic acidosis, the patient may not be able to make an alveolar hyperventilation that 
achieves buffering generated organic acids with a worsening acidosis [9, 16, 19, 20, 105, 115].

When OTI is required in these patients, even a brief apnea time can lead to a significant drop 
in pH given the loss of respiratory compensation that was already insufficient.

Therefore, OTI should be avoided in patients with severe metabolic acidosis in whom ade-
quate ventilation with the ventilator cannot be ensured, and NIV can be used to adequately 
support respiratory work until correction of underlying metabolic acidosis.

If the OTI cannot be delayed, getting the patient to maintain spontaneous ventilation becomes 
a critical action during intubation and mechanical ventilation, as this will allow the patient 
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to maintain their own minute ventilation. For this, agents with a low probability of generat-
ing apnea should be used. In addition, rapid sequence intubation should be avoided if pos-
sible, and if deemed necessary, a short-acting neuromuscular blocker such as succinylcholine 
should be used.

Once OTI is achieved, a ventilator mode should be chosen that allows the patient to establish 
and maintain their own minute ventilation to maintain respiratory compensation better.

7.6. Right ventricular failure

The main function of the right ventricle and pulmonary circulation is gas exchange. Under 
normal conditions, these are a low pressure and high-volume system which, in addition, must 
dampen the dynamic changes in volume and blood flow resulting from breathing, positional 
changes, and changes in left ventricular cardiac output. The adaptations needed to meet these 
conflicting requirements result in reduced compensation capacity in the event of a rise in 
afterload or pressure [105, 113, 116].

The failure of the system generates right heart failure, so that the right ventricle becomes unable 
to meet the demands, dilating, retrograde flow, decreased coronary perfusion and, ultimately, 
systemic hypotension and cardiovascular collapse [107, 110, 117].

When a patient with right heart failure requires OTI, increased afterload and decreased pre-
load associated with invasive mechanical ventilation often leads to this cardiovascular col-
lapse [21, 54, 105, 107, 113, 118].

In these patients, we should try to achieve pre-OTI hemodynamic optimization, including 
reduction of afterload with inhaled pulmonary artery vasodilators such as inhaled nitric oxide 
(INO) [119] or inhaled epoprostenol (Flolan) [113, 120].

In addition, good preoxygenation due to the reduction of intrapulmonary shunt [99], as well 
as apneic oxygenation [98, 106] will be essential, as well as avoid hypercapnia and high alveo-
lar pressures, because they lead to vasoconstriction.

8. Critical airway management algorithm

As in the surgical setting, in order to limit the incidence of serious complications during OTI 
in the ICU, the entire process (pre-, peri-, and post-intubation) should be guided by protocols 
oriented to patient safety [2, 46, 121–124].

This critical AM algorithm will be based, firstly, on the outcome of the assessment of the dif-
ficulty of intubation according to the MACOCHA score [51] (Figure 7).

Always check the availability of the equipment for the AM and an eventual DA before the 
OTI. And, in the case of desaturation <80% during the procedure, the patient will be ventilated.

In the case of failure of intubation and ventilation, emergency ventilation through NIMV 
through a SAD allowing intubation [125] will be performed.
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Figure 7. Macocha score protocol.
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Two operators should always be present, especially if an AD with a MACOCHA score ≥3 is 
predicted, an extraglottic device (e.g. FROVA or an Eschmann introducer) should be used, 
and a rapid sequence induction be performed.

The use of a VL is also recommended in cases of difficult intubation. Nonetheless, in cases 
of abundant secretions, even after aspiration, direct laryngoscopy will be preferable to 
videolaryngoscopy.

Finally, in case of failure of intubation, an extraglottic device (e.g. FROVA or an Eschmann 
introducer) will be used first, followed by a VL if it was not initially used, rescue with a 
supraglottic airway device (SAD) that allows intubation, fiber optic bronchoscopy (FOB) and, 
at last, percutaneous or surgical rescue in situations of failure of intubation, ventilation, and 
oxygenation (CICO).

8.1. “Not seemingly difficult” airway management

It will be those patients who present a MACOCHA score <3.

The R rapid sequence induction (RSI) SI techniques are indicated in these cases, among oth-
ers, in the ICU, hospital emergency services and out-of-hospital emergencies.

8.1.1. Rapid sequence intubation

The purpose of the RSI is to make emergency intubation easier and safer, and thus increase 
the success rate and reduce potential complications.

There is no single RSI technique due to its numerous indications, so the choice of the drug 
and the regimen of administration will be conditioned, not only by the reduction of the risk of 
aspiration and the facilitation of intubation but also by the characteristics of patient [88, 115, 
126, 127]. However, the key elements that remain in all RSI protocol are:

• Preoxygenation/denitrogenation to prolong apnea time.

• Prevention of hypoxia and hypotension during induction and intubation.

• Use of a cuffed ETT, and capnographic confirmation of the placement of the tube.

In spite of the lack of a single RSI technique, the main steps could be summarized in [85, 88, 
126, 127]:

• Valuation, planification, and preparation.

• Preoxygenation.

• Premedication.

• Induction and relaxation.

• Application of the Sellick maneuver.

• Laryngoscopy.
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• Intubation. The RSI should allow us to intubate in a time no longer than 60 s from the ad-
ministration of inducing drugs.

• Checking the placement of the ETT.

8.2. The anticipated difficult airway

Apnea following induction and neuromuscular relaxation may lead to rapid desaturation in the 
critical patient, if not in severe complications. In patients with previously DA [6, 40, 128, 129] 
or in those who were suspected according to a MACOCHA score ≥ 3, awake intubation would 
represent a valid option from the point of view of safety of the procedure [23, 29, 123, 130–133].

This intubation with the awake patient can be performed with a noninvasive technique or with 
an invasive technique (surgical or percutaneous), and among its advantages is that, by main-
taining muscle tone, permeability of the airway and spontaneous ventilation, awake patients 
are easier to intubate because inducing general anesthesia tends to shift the larynx anterior.

The prerequisites for awake intubation in the ICU are:

• Previously difficult airway scenario or positive predictive signs (MACOCHA score ≥ 3).

• Patient cooperation.

• Equipment familiar with awake intubation techniques.

• Adequate AM preparation.

Contraindications:

• Human team inexperience.

• Negative of the patient.

• Allergy to local anesthetics.

• Hemorrhage in oropharyngeal cavity.

8.3. Difficult airway rescue

Before an intubation failure, we can find two possible scenarios:

• Oxygenation with adequate face mask: insisting repeatedly on a technique that has not resolved 
the situation will increase the risk of complications. Therefore, change to an alternative 
device (e.g. MCcoy blade), use an extraglottic device, use a VL, or a SAD intubation device.

• Unsuitable oxygenation with face mask: given the limited period of safe apnea of the critically 
ill patient, oxygenation, and not intubation, is the absolute priority in this scenario.

There are different SAD that have been used to rescue ventilation with a difficult facial 
mask. The usual in ICU after ensuring oxygenation is that endotracheal intubation is neces-
sary, so it is recommended to have some of the SAD that allow intubation through it [3].

In the case of failure, a CICO scenario will be declared, the worst of the possible scenarios.
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8.4. Can’t-intubate-Can’t-oxygenate scenario

CICO scenario is the end of the algorithms, and always constitutes a medical emergency that 
forces to explore an alternative plan based on transtracheal access, either through a percutaneous 
cricothyrotomy (choice for its speed), a surgical tracheotomy or through retrograde intubation.

This situation is reached when the attempt to AM had failed through tracheal intubation, 
facial mask ventilation, and a SAD. At this point, if the situation is not resolved quickly, 
hypoxic brain damage and death will occur.

The key points of the non-intubatable/non-oxygenable AM plan are:

• The CICO scenario must be declared and proceed to anterior neck access.

• A didactic technique has been described using a scalpel to promote standardized training.

• Placing an endotracheal balloon tube through the cricothyroid membrane facilitates nor-
mal minute ventilation with a standard ventilation system.

• High-pressure oxygenation through a fine cannula is associated with increased morbidity.

• All operators must be trained in performing a surgical approach.

• Training should be repeated at regular intervals to ensure that skills are not lost.

8.5. Adequate staff—adequate material—adequate procedure

Through the training program of those specialists who develop their professional activity in ICU 
must be guaranteed the acquisition of skills in critical patient’s advanced airway management 
(Figure 8).

Figure 8. Teamwork, roles, goals and communication.
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Those responsible for the training of each service should develop training programs based 
on simulation to maintain competencies with different devices: direct laryngoscopy, extra-
glottic devices, supraglottic devices, videolaryngoscopes, fiber optic bronchoscopes and cri-
cothyrotomy set.

Also, each ICU should have immediate access 24 h a day to a difficult airway trolley that must 
include the same devices that the one usually available in the operating room.

9. Conclusions

Tracheal intubation in the critical patient is always potentially dangerous. Critically ill patients 
with acute respiratory, neurological, or cardiovascular failure requiring invasive mechanical 
ventilation are at high risk of difficult intubation and have organ dysfunctions associated with 
complications of intubation and anesthesia such as hypotension and hypoxemia. The compli-
cation rate increases with the number of intubation attempts. Videolaryngoscopy improves 
elective endotracheal intubation.

Every professional in ICU should have a basic knowledge about airway management, be 
familiar with algorithms to handle possible complications, and know correct use and inter-
pretation of capnography. The algorithms that are usually handled by anesthesiologists in our 
routine clinical practice are not always useful in ICU because they contemplate alternatives 
such as awakening the patient or postponing the procedure that cannot be applied in a critical/
emergency situation. The implementation of an intubation protocol in the ICU can contribute 
to significantly reduce the immediate severe complications associated with this procedure.

Airway management of patients admitted to the ICU is a challenge. New videolaryngoscopes 
have been proposed to improve management, but most studies comparing videolaryngo-
scopes with a standard direct laryngoscope (DL) have been performed in operating rooms. 
Therefore, the role of videolaryngoscopy in the ICU is still discussed, where there is a lack 
of scientific evidence and intubation conditions are worse than in the operating room. The 
Montpellier group has proposed and implemented a package for intubation care in its ICU 
which includes, among others, the use of two operators, fluid overload, preoxygenation, and, 
above all, the rapid detection of the position of the ETT by capnography. Including the use of 
videolaryngoscopy in this package, as described by De Jong et al. [51], the safety of tracheal 
intubation could be further improved.

The overall impact of VL on the anesthetic literature is weighed due to marked heterogene-
ity in the patient population, devices studied, operator experience, and confusion including 
manikin studies. While VL improves the ease of obtaining a view of the larynx, insertion of 
the ETT may be more difficult. VL may reduce the number of failed intubations, particularly 
among patients presenting with a difficult airway. They improve the glottic view and may 
reduce laryngeal/airway trauma. Currently, no evidence indicates that use of a VL reduces 
the number of intubation attempts or the incidence of hypoxia or respiratory complications, 
and no evidence indicates that use of a VL affects the time required for intubation [134].
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with acute respiratory, neurological, or cardiovascular failure requiring invasive mechanical 
ventilation are at high risk of difficult intubation and have organ dysfunctions associated with 
complications of intubation and anesthesia such as hypotension and hypoxemia. The compli-
cation rate increases with the number of intubation attempts. Videolaryngoscopy improves 
elective endotracheal intubation.

Every professional in ICU should have a basic knowledge about airway management, be 
familiar with algorithms to handle possible complications, and know correct use and inter-
pretation of capnography. The algorithms that are usually handled by anesthesiologists in our 
routine clinical practice are not always useful in ICU because they contemplate alternatives 
such as awakening the patient or postponing the procedure that cannot be applied in a critical/
emergency situation. The implementation of an intubation protocol in the ICU can contribute 
to significantly reduce the immediate severe complications associated with this procedure.

Airway management of patients admitted to the ICU is a challenge. New videolaryngoscopes 
have been proposed to improve management, but most studies comparing videolaryngo-
scopes with a standard direct laryngoscope (DL) have been performed in operating rooms. 
Therefore, the role of videolaryngoscopy in the ICU is still discussed, where there is a lack 
of scientific evidence and intubation conditions are worse than in the operating room. The 
Montpellier group has proposed and implemented a package for intubation care in its ICU 
which includes, among others, the use of two operators, fluid overload, preoxygenation, and, 
above all, the rapid detection of the position of the ETT by capnography. Including the use of 
videolaryngoscopy in this package, as described by De Jong et al. [51], the safety of tracheal 
intubation could be further improved.

The overall impact of VL on the anesthetic literature is weighed due to marked heterogene-
ity in the patient population, devices studied, operator experience, and confusion including 
manikin studies. While VL improves the ease of obtaining a view of the larynx, insertion of 
the ETT may be more difficult. VL may reduce the number of failed intubations, particularly 
among patients presenting with a difficult airway. They improve the glottic view and may 
reduce laryngeal/airway trauma. Currently, no evidence indicates that use of a VL reduces 
the number of intubation attempts or the incidence of hypoxia or respiratory complications, 
and no evidence indicates that use of a VL affects the time required for intubation [134].
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The study of VL in the ICU is difficult for similar reasons, although they are increasing in 
popularity [10, 36]. However, there is a need for randomized controlled trials (RCTs) of VL vs. 
DL in the ICU [31], the truth is that the use of VL in ICU is so widespread that such studies 
are impractical. A RCT could help determine which devices are most useful, and could study 
the impact of VL on both technical and human factors [135].

If randomized controlled trials demonstrating a benefit of videolaryngoscopy are designed 
in the future, it could become a new standard for tracheal intubation in the ICU, particularly 
in educational institutions, where tracheal intubations are often performed by residents in 
training.

Nevertheless, the introduction of videolaryngoscopy in the ICU should always be accompa-
nied by formal training programs in the management of the DA and simulation using mani-
kins with the specific device [47, 71, 121, 136, 137].

Best way to avoid the serious consequences associated with a DA is the constant prepara-
tion by all those who could be able to handle it, an adequate prior assessment of the patient 
and the capacity to face this situation with the different rescue alternatives, from the use 
of SAD, VL, and flexibility in the use of the FOB, to the management of cervical surgical 
neck access.

Finally, we must implement the capnography in the ICU, so that the capnograph will be 
used in every intubation maneuver in the critical patient. Capnography should be moni-
tored continuously in all critical intubated patients requiring assisted ventilation, and all 
ICU staff should be trained in the interpretation and recognition of abnormal capnography 
tracings.

In summary, if we consider the latest data, exclusive use of VL in out-of-OR airway manage-
ment, or disdain them, appears premature, and we agree with the authors that future research 
would be necessary to demonstrate the safe utility of videolaryngoscopy in the ICU context. 
Even though it is surely the future to follow.
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Abstract

Management of airway is mandatory in a critically ill child with severe trauma or any other 
situation that threatens his or her life. It is important, that clinicians who attend critically ill 
pediatric patients requiring airway management know the rapid sequence intubation (RSI) 
procedure, identify a patient with difficult airway, know the devices and techniques for the 
management of difficult airway, and look for receiving a formal training in endotracheal 
intubation (ETI). Future strategies for teaching and/or training clinicians in pediatric and neo-
natal ETI should be evaluated through conducting controlled clinical trials to identify which 
type will be the most effective by considering the less number of attempts and complications.

Keywords: endotracheal intubation, children, review, training, procedure

1. Introduction

Management and securing permeability of airway are mandatory in a critically ill child with 
severe trauma or any other situation that threatens his or her life. Airway’s management can 
be defined as the performance of maneuvers and the use of devices that enable a correct and 
safe ventilation to patients that need this care.
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Endotracheal intubation (ETI) is one of the procedures that every physician attending criti-
cally ill pediatric patients must not only know but also getting the skills and experience neces-
saries to effectively perform.

In this chapter, we will summarize the most practical recommendations of ETI technique in 
children. In addition, we will discuss important anatomical particularities of the children’s 
airway. We include a section of devices that could help permeate the airway of pediatric 
patients with a difficult airway; and recent results of studies conducted regarding the asso-
ciation between the level of previous training in pediatric ETI and success rates.

1.1. Indications of ETI in children

1. Patient with an unstable airway. In this category, integrity of airway is affected by differ-
ent infectious, anatomical and neurological diseases. Some examples are: (a) upper airway 
infectious (CROUP, bacterial tracheitis, etc.), (b) traumatisms, (c) congenital syndromes 
accompanied with macroglossia or micrognathia, (d) cystic hygroma, (e) branchial cleft 
cyst, (f) thyroglossal duct cyst, and (g) those patients with a large anterior mediastinal 
mass (non-Hodgkin lymphoma, acute leukemia, etc.). During childhood, the most com-
mon cause is infections [1].

2. Patient with neurological dysfunction secondary to trauma, seizures, metabolic disease, or 
toxic ingestion. Classically, we can find patients with a Glasgow Coma Scale (GCS) score 
of 8 or less, or a deterioration in the GCS score from 14 to 10.

3. Patient with impaired gas exchange:

a. Hypoxia. One of the most common indications of ETI. Clinically, the patient pre-
sents with respiratory distress, tachypnea, increased work of breathing, and an in-
crease in alveolar-arterial gradient. Some causes of hypoxia are airway obstruction, 
hypoventilation, ventilation/perfusion mismatch, hemoglobinopathies, abnormal 
pulmonary diffusion, and intracardiac right to left shunt.

b. Hypercarbia. The pathophysiologic phenomenon consists of alteration in ventila-
tion. There exists a reduced lung compliance and a V/Q mismatch increasing physi-
ologic dead space. Alteration in ventilation can also be secondary to muscle weak-
ness, altered mental status, exposure to toxins, or iatrogenic oversedation.

4. Patient with lower airway obstruction. Hypercarbia, tachypnea, increased work of breath-
ing, wheezing, and a prolonged expiratory phase are characteristic. As lower obstruction 
progresses, dynamic hyperinflation and air trapping worsen, leading to a silent chest (in-
audible breath sounds). This obstruction is common in asthma and bronchiolitis. We must 
remember that children can get intubated by this indication but it has been described an 
increase in mean airway pressure that may impede venous return. Therefore, under this 
indication children should only be intubated in EXTREME CIRCUMSTANCES [1].

5. Patient with a reduction of mechanical load, as seen in shock state and some patients with 
cardiovascular dysfunction.
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2. Practice recommendations for pediatric endotracheal intubation

2.1. Rapid sequence intubation

By using rapid sequence intubation (RSI) method, a clinician can effectively achieve pediatric 
endotracheal intubation (ETI), however, we previously must identify if the patient has one or 
more of the following features related with a difficult airway [2]:

• To have congenital abnormalities related with a difficult airway such as Pierre Robins Syn-
drome and/or Treacher Collins Syndrome.

• A previous difficult ETI.

• A poor mouth opening, large tongue or tonsils, small chin, short mandible, decreased neck 
mobility, and/or an evidence of partial upper airway obstruction.

Note: later in this chapter, you can find information about the causes, techniques, and a vari-
ety of devices a clinician may use for the management of children with difficult airway.

2.1.1. Preparation

1. If it is not performed in an emergency setting (elective intubation), an informed consent 
must be obtained from the child’s parents explaining the technique, complications, and 
benefits of performing the procedure [3].

2. All the materials to be used should be functional.

3. Team should consist of three persons (at least).

4. Patient’s heart and respiratory rate, blood pressure, oxygen saturation, (capnography 
when available) must be monitored during the procedure.

5. Oxygen supply must be at least 10 l/min and suction equipment must be available and it 
must have pressures around 80–120 mm Hg.

Equipment

1. An appropriate mask and bag for ventilation. We must select the mask size that fits the 
nasal bridge and the chin of the patient without covering the eyes (Figure 1). Bag used for 
infants and young children is named pediatric bag (which provides a tidal volume of ap-
proximately 400–500 ml); for older children and adolescents, an adult bag should be used 
(providing a tidal volume of 1000 ml) [3–5].

2. Endotracheal tubes (ETs). Uncuffed ETs are mainly indicated for neonates, infants, and 
young children (<8 years). The correct size of these ETs can be calculated according to the 
equation (child’s age/4) + 4. On the other hand, the formula (child’s age/2) + 3.5 might be used 
for cuffed ETs. Other methods to calculate ETs size include comparing the child’s fifth finger 
with the internal diameter of the ET or by using resuscitation tape such as the Broselow 
Luten tape, and it is recommendable to have one size larger and smaller of the selected tube.

3. Stylet. Adult sized for 5.5 tubes and beyond, pediatric ones for lower endotracheal tubes.
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4. Laryngoscope handle and blade. The first one can be an adult or pediatric one, and the 
second can be straight or curved depending on the experience of the laryngoscopist. The 
blades used in pediatrics ranged from 00 (extremely premature neonates) to 4. Blades 0–1 
are used for preterm and full-term neonates, size 1 for infants. At age 2, size 2 blade; at this 
age, a curved blade can be used. For ages 10 and above, a number 3 blade is recommended.

5. Colorimetric end tidal carbon dioxide devices or capnography monitors.

6. Tape or a commercial holder to secure the endotracheal tube.

7. Syringe for cuff inflation.

8. Nasogastric and orogastric tubes.

Figure 1. (A) The correct size for the child because it covers the area between nasal bridge and chin. (B) The mask elected is 
not correct, it covers part of the eyes of the patient. (C) The mask elected is not correct it covers the area far from the chin.

Tips and tricks

To remember all the preparatory equipment before starting intubation

You can use the STOP MAID mnemonic to remember all the preparatory equipment before starting ETI procedure:

Suction;

Tools for intubation;

Oxygen;

Positioning (sniffing position so that the external auditory canal is anterior to shoulder);

Monitors;

Assistant, Ambu bag with facemask, airway devices;

Intravenous access;

Drugs (sedation, neuromuscular blocking medications).
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2.1.2. Preoxygenation phase

With all the necessary tools already prepared, next, we must position the patient for the 
denominated preoxygenation phase. This position consists in a sniffing situation avoiding 
hyperextension and/or hyperflexion of the neck. The correct sniffing position is the one with 
exterior auditory canal anterior to the shoulders (Figure 2).

Selection of ventilation technique relies on the number of persons available at preoxygenation 
phase:

• One-person ventilation technique. The head must be positioned backwards, using the C-E 
technique and the chin must be elevated pressing and sealing the mask to the face. Sealing 
is very important. We may corroborate that ventilation technique is correct when elevation 
of the chest is observed (Figure 3).

• Two-person ventilation technique. One member of the health care professional team will 
use the C-E technique but now with two hands while the other person will be pressing the 
bag (Figure 4).

After patient is positioned, then, ventilation must start with 100% inspired oxygen creating 
an oxygen reservoir. It is important to avoid hyperventilation. Therefore, a slow ventilation 
lasting around a second each must be applied being overall preoxygenation phase duration 
3–5 min.

Figure 2. (A) Correct sniffing position is shown the external auditory canal is anterior to the shoulders of the patient. 
(B) Incorrect position because neck is hyperextended. (C) Incorrect position because patient’s neck has hyperflexion.
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2.1.3. Sedation and neuromuscular blockade

Premedication increases success rate of pediatric ETI independently from degree of previous 
training [6]. By using the rapid sequence intubation in children, success rate of 52% and a 
complication rate of 61% can be achieved [7], however, sedation can be omitted in obtunded 
or comatose patients and neuromuscular blockade must be avoided in patients with difficult 
airway. Table 1 summarizes the drugs, indications, and doses used for sedation and neuro-
muscular blockade during pediatric ETI procedure.

Figure 4. Two-person C-E ventilation technique. First person is doing a double hand C-E maneuver while a second 
person (not shown in the image) is pressing the bag.

Figure 3. One-person C-E ventilation technique is illustrated.
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2.1.4. Procedure

Clinician may most easily perform direct laryngoscopy by standing behind to the patient’s 
head and with height of the bed adjusted to the level of the laryngoscopist xiphoid appendix 
(Figure 5). After sedation and neuromuscular blocking, the clinician must perform a scissor 
maneuver to open mouth before laryngoscopy. Then, laryngoscope must be held in the left hand 
(regardless of dominance), inserting the blade in the right side of the patient’s mouth along the 
base of the tongue following the contour of the pharynx, and sweeping the tongue to the left.

Once the tongue and soft tissues are retracted, clinician must recognize the following anatomic struc-
tures: epiglottis, arytenoid cartilage, and esophagus (Figure 6). After identifying epiglottis, this must 
be elevated exposing the vocal cords by handling laryngoscope at a 45° angle. Next step, endotracheal 
tube (ET) must be inserted into the trachea by holding it (with right hand) like a pencil (Figure 7).

ET insertion in airway must be confirmed by the observation chest wall rise and down with 
ventilations, auscultation of breath sounds in both axillae and not heard over stomach, and, 
to observe an adequate oxygen saturation (>90%). Radiographically, a correct position of the 

Medications Indications Doses (IV)

Sedation Etomidate Hemodynamic instability, neuroprotective 0.3 mg/kg

Ketamine Hemodynamic instability, patients with 
bronchospasm and septic shock

1–2 mg/kg

Midazolam It can cause hemodynamic instability 0.2–0.3 mg/kg

Propofol In hemodynamically stable patients 1–1.5 mg/kg

Thiopental Neuroprotection 3–5 mg/kg

NM blockers Rocuronium For children in which succinylcholine is 
contraindicated

0.6–1.2 mg/kg

Succinylcholine Do not use in extensive crush injury, chronic 
myopathy

2 mg/kg

Table 1. Drugs, indications, doses for achieving sedation and neuromuscular (NM) blockade during pediatric ETI.

Figure 5. Proper position of laryngoscopist and correct introduction of laryngoscope after opening patient’s mouth 
through a scissor maneuver (not shown).
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tube is below the thoracic inlet and 3 cm above the carina (Figure 9). In case of ETT is located 
at esophagus or right bronchus, immediate measures must be taken to remove it and secure 
an adequate ventilation of patient (Figures 9 and 10).

Tips and tricks

To identify epiglottis and/or glottic structures

If epiglottis and/or glottic structures are not visible, blade must be pulled back slowly until they are visible. Other useful 
technique for helping to identify epiglottis and/or glottic  structures is the named “Sellick maneuver” or so known as 
“cricoid pressure” (Figure 8). To  perform it, another member of the reanimation team slightly push the region of cricoid 
cartilage while laryngoscopist observes the structures and introduce ET.

To calculate ETT length insertion

ET length insertion can be determined by any of the following two formulas [5, 8, 9]:

#1- (Patient’s age (in years)/2) + 12

#2- ET internal diameter * 3

Note: we recommend first equation because it has been reported as more accurate.

Figure 6. A comparison between a real larynx and a model. Structures of the larynx must be identified before trying to 
insert ET. (A) Glottis, (B) Vocal cords. (C) Epiglottis.

Figure 7. ET is introduced like a pencil into the airway.
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Figure 8. Sellick’s Maneuver (also known as cricoid pressure).

Figure 9. X-ray on the left shows a misplaced endotracheal tube which is in the right bronchus. Right X-ray shows a 
correct placement of the endotracheal tube, where the tip is located above the carina.

Figure 10. ET located in esophagus.
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3. Neonatal intubation

3.1. Indications

ETI in neonates can be most commonly performed as an emergency procedure or as part of 
an elective or semi-elective treatment:

1. Emergency. When mask ventilation or non-invasive mechanical ventilation fails, in case of 
structural or congenital airway abnormalities, diaphragmatic hernia, prolonged cardiopul-
monary resuscitation, if thoracic compressions are needed, surfactant administration and 
for direct tracheal aspirations if thick secretions exist [11].

2. Elective/semi elective. Prematurity, positive pressure ventilation lasting more than 1-min, 
in case of ET must be changed, and in patients with an unstable airway [11].

3.2. Important anatomical considerations in neonates

In comparison to older children, adolescents and adults, anatomy of neonatal upper air-
way structures is different, being neonates a subpopulation where the ETI becomes a chal-
lenge. Some of these differences are the following: (a) a tongue proportionately larger, in 
consequence, trying to sweep it during ETI might be difficult and its backward movement 
might result in an airway obstruction; (b) epiglottis is longer, narrower, less flexible, and 
sometimes omega-shaped; (c) a cranial position of larynx can be an obstacle for observing 
the glottis during laryngoscopy, being this issue the reason why is preferable to use straight 
blades rather than curved ones in neonates; and (d) trachea is proportionally shorter and 
narrower [12, 13].

It is important to highlight, that neonates <1000 g, >4000 g, or those with congenital craniofa-
cial abnormalities have less chance to be intubated at first attempt, representing a subgroup 
of neonates with a difficult airway which require special attention [14].

Tips and tricks [5, 10]

In case of acute respiratory deterioration after intubation

Remember the mnemonic DONE which can help you to identify the probable causes:

Deviation of ETT to the main bronchus or misplacement during suction. Signs that can suggest this are asymmetric elevation 
of the thorax or asymmetric auscultation, specially the right hemithorax.

Obstruction due to secretions obstructing tube’s lumen.

Pneumothorax if are present signs as breath sounds diminished on the affected side, conduction of vocal vibrations to the 
surface of the chest may be increased, and hyperresonant at percussion.

Equipment, if problem is in the ventilator hardware or software.
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On the other hand, each attempt of intubation in neonates provokes injury of the mucosa 
which subsequently leads to an inflammation decreasing the caliber of the field of observa-
tion, and therefore, making the intubation less effective. Currently, it has been recommended 
a limit of 20 s for each intubation attempt in neonates, and if it fails, the ET must be removed 
and patient must be ventilated with a mask-bag reservoir until recovery [11, 15, 16].

3.3. Estimating length insertion of ET in neonates

Two methods may be used, and the objective is to place the tip of ET in the middle portion of 
trachea.

a. DNT method

We must add 1 cm to the distance (cm) between the newborn’s nasal septum and ear tragus 
(Figure 11) [17].

b. Gestational age method (Table 2)

c. “7-8-9 rule” method: in 1979, Tochen described a simple equation for the ET insertion 
length based on patient’s weight at birth.

Formula: 1.17 * weight at birth (kg) + 5.58.

Tips and tricks

Premedication phase in neonates is different from older children

In neonates, premedication phase must be only used as part of an elective ETI and not for emergency situations.

The American Academy of Pediatrics (AAP) and the Canadian Pediatric Society (CPS) recommend a combination of 
vagolytic agents and neuromuscular blockers for premedication phase in neonates. Also, the AAP recommends that 

muscular blockers and sedatives must not be used alone without analgesia [3].

Tips and tricks

ET size election for neonates

Election of ET size based on neonate’s weight and gestational age:

Weight (g) Gestational age (weeks) ET size (internal diameter in mm)

<1000 <28 2.5

1000–2000 28–34 3.0

>2000 >34 3.4
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of the thorax or asymmetric auscultation, specially the right hemithorax.
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Equipment, if problem is in the ventilator hardware or software.
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On the other hand, each attempt of intubation in neonates provokes injury of the mucosa 
which subsequently leads to an inflammation decreasing the caliber of the field of observa-
tion, and therefore, making the intubation less effective. Currently, it has been recommended 
a limit of 20 s for each intubation attempt in neonates, and if it fails, the ET must be removed 
and patient must be ventilated with a mask-bag reservoir until recovery [11, 15, 16].

3.3. Estimating length insertion of ET in neonates

Two methods may be used, and the objective is to place the tip of ET in the middle portion of 
trachea.

a. DNT method

We must add 1 cm to the distance (cm) between the newborn’s nasal septum and ear tragus 
(Figure 11) [17].

b. Gestational age method (Table 2)

c. “7-8-9 rule” method: in 1979, Tochen described a simple equation for the ET insertion 
length based on patient’s weight at birth.

Formula: 1.17 * weight at birth (kg) + 5.58.

Tips and tricks

Premedication phase in neonates is different from older children

In neonates, premedication phase must be only used as part of an elective ETI and not for emergency situations.

The American Academy of Pediatrics (AAP) and the Canadian Pediatric Society (CPS) recommend a combination of 
vagolytic agents and neuromuscular blockers for premedication phase in neonates. Also, the AAP recommends that 

muscular blockers and sedatives must not be used alone without analgesia [3].

Tips and tricks

ET size election for neonates

Election of ET size based on neonate’s weight and gestational age:

Weight (g) Gestational age (weeks) ET size (internal diameter in mm)

<1000 <28 2.5

1000–2000 28–34 3.0

>2000 >34 3.4
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This equation has been supported by the AAP and the American Heart Association (AHA), 
establishing ET insertion length can be calculated by adding 6 cm to the newborn weight 
(e.g., for a newborn weighing 1 kg = 1 + 6 = 7 cm), from the patient’s lip [14].

4. Management of the child with difficult airway (DA)

Difficult airway can be defined as the clinical situation in which a conventionally trained physi-
cian has trouble for achieving an effective upper airway ventilation with a face mask, for tracheal 
intubation or both and where interact patient’s factors, setting conditions and operator skills [19]. 
First, we must evaluate child’s airway to identify those clinical, and/or laboratory factors that 

Tips and tricks

ET length insertion when nasotracheal intubation is used

When nasotracheal intubation is performed, the ET length must increase in 20% (e.g., for a newborn weighing 2 kg: 
(2 kg + 6) × 1.2 = 9.6 cm). We must also take in consideration that the 7-8-9 rule can overestimate the insertion length 
in newborns with a birth weight less than 1000 g. In consequence, it is preferred to use the gestational age method 
(Table 2) [18].

Figure 11. DNT method.

Gestational age (weeks) ET length insertion (cm) from the patient’s lips Weight (g)

23–24 5.5 500–600

25–26 6.0 700–800

27–29 6.5 900–1000

30–32 7.0 1100–1400

33–34 7.5 1500–1800

35–37 8.0 1900–2400

38–40 8.5 2500–3100

41–43 9.0 3200–4200

Table 2. Gestational age method to calculate ET length insertion [18].
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could make difficult to achieve ETI. Among the anatomical factors related with DA are the form 
and size of mouth, nose, mandible, neck, existence of masses or congenital malformations, and 
other childhood diseases that eventually could difficult ETI (Figure 12, Tables 3 and 4) [20–24].

4.1. Devices and techniques for the management of the child with DA

DA devices can be classified according to the anatomical structure from where they will act 
and/or on their optical properties [27]:

4.2. Supraglottic airway devices

4.2.1. Classic laryngeal mask

It was developed in 1980 by Dr Archie Brain and forms part of the rescue devices in the 
ASA algorithm for the difficult airway management. It was designed to be situated in the 

Figure 12. Difficult airway for ETI based on modified Mallampati classification [25, 26].

• Cranium’s bone displacement. Apert syndrome, Crouzon syndrome, hydrocephalus

• Mandible hypoplasia. Pierre Robin syndrome, Treacher Collins syndrome, Goldenhar syndrome, Apert syndrome

• Abnormal neck mobility. Klippel-Fleil syndrome, Down syndrome, mucopolisacaridosis

• Limited oral aperture: Sheldon Freedman syndrome, Hallerman-Strieff syndrome, bullous epidermolysis

• Small oral cavity: Pierre Robin syndrome, Treacher-Collins syndrome

• Macroglossia: hypothyroidism, Beckwith Wiedemann syndrome, Down syndrome, mucopolisacaridosis

• Airway or neck masses: cystic hygroma, teratomas, hemangiomas

• Laryngeal or subglottic anomalies

Table 3. Pediatric syndromes associated with DA.
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hypopharynx, with an anterior aperture situated at the glottis entrance, the mask’s border 
is made of a silicone inflatable cuff, sealing the hypopharynx permitting positive pressure 
ventilation (less than 20 cm H2O). The mask is introduced using the index finger of the 
dominant hand as a guide towards the hypopharynx, following the palate’s curvature, until 
a resistance is felt, then the cuff must be inflated with a determined volume (the specific 
volume comes in a legend on the mask itself and depends of the number of the mask). 
Choosing the size mask depends on the weight of the patient. As complications of the pro-
cedure we can find aspiration of gastric contents, uvula, and pharyngeal pillars lesions 
(Figure 13).

Figure 13. Laryngeal mask.

Infectious Traumatic Neoplastic Inflammatory Neurologic Other

• Epiglottitis

• Abscess (sub-
mandibular, 
retropharyn-
geal, Ludwig’s 
angina)

• Croup

• Papillomatosis

• Foreign body

• Cervical column 
lesion

• Skull base 
fracture

• Maxillary or 
mandible lesion

• Laryngeal 
fracture

• Postintubation 
laryngeal edema

• Facial trauma

• Burns

• Upper airway 
tumors (phar-
ynx, larynx)

• Inferior air-
way tumors 
(trachea, 
bronchi, 
mediastinal)

• Post-radiation 
area

• Angioedema

• Anaphylactic 
shock (laryn-
geal edema)

• Anquilosis

• Juvenile 
Rheumatoid 
arthritis

• Spastic 
cerebral 
paralysis

• Tetanus

• Lung 
hemorrhage

• Obesity

• Cranium-facial 
malformations

• Micrognathia

• Superior inci-
sive protrusion

• Short and wide 
neck

• Big tongue

• Previous intu-
bation difficulty

• Oral aperture 
limitation

• Clift lip and 
palate

• Mallampati 
classes 3 or 4 
(Figure 12)

Table 4. Childhood diseases associated with DA.
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Figure 14. ProSeal laryngeal mask airway.

4.2.2. ProSeal laryngeal mask airway

In 2000 Brain published the description of a new laryngeal mask that tried to improve the 
airway’s protection against gastric aspiration. This was accomplished by including a second 
tube lateral to the airway’s tube and which in its distal end is located on the tip of the mask. 
This tube has the function of separating the digestive tract from the respiratory, and also 
Permits accessing the stomach with an orogastric probe (Figure 14) [28].

4.2.3. Fastrach or intubation laryngeal mask (ILMA)

This type of laryngeal mask is designed with the objective of achieving intubation through 
the mask itself, it consists of an anatomically curved rigid tube, wide enough to accept in 
it endotracheal tubes this end is united to rigid metal loop that makes the insertion much 
easier, removal, and adjustment of the position with one hand only. Once installed, and 
ventilation achieved an ET is inserted, the mask is then removed maintaining the tube in 
place, with a specially designed stylet, so that after the mask is removed the ET remains in 
place (Figure 15).

Figure 15. FASTRACH or intubation laryngeal mask (ILMA).
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Figure 14. ProSeal laryngeal mask airway.

4.2.2. ProSeal laryngeal mask airway

In 2000 Brain published the description of a new laryngeal mask that tried to improve the 
airway’s protection against gastric aspiration. This was accomplished by including a second 
tube lateral to the airway’s tube and which in its distal end is located on the tip of the mask. 
This tube has the function of separating the digestive tract from the respiratory, and also 
Permits accessing the stomach with an orogastric probe (Figure 14) [28].

4.2.3. Fastrach or intubation laryngeal mask (ILMA)

This type of laryngeal mask is designed with the objective of achieving intubation through 
the mask itself, it consists of an anatomically curved rigid tube, wide enough to accept in 
it endotracheal tubes this end is united to rigid metal loop that makes the insertion much 
easier, removal, and adjustment of the position with one hand only. Once installed, and 
ventilation achieved an ET is inserted, the mask is then removed maintaining the tube in 
place, with a specially designed stylet, so that after the mask is removed the ET remains in 
place (Figure 15).

Figure 15. FASTRACH or intubation laryngeal mask (ILMA).

Endotracheal Intubation in Children: Practice Recommendations, Insights, and Future Directions
http://dx.doi.org/10.5772/intechopen.70356

65



Other type of Fastrach laryngeal mask (2005) with an incorporated camera, permits once it has 
been introduced into the hypopharynx, setting a monitor on the outer part of the mask so that 
it can be possible introducing an ET under direct vision (Figure 16).

4.2.4. Combitube

This device can only be used to ventilate in emergency situations. It was designed in Austria in 
the year 1980. Insertion is easy for any person and insertion is blindfold. It consists of a double 
lumen latex tube that combines the functions of an esophageal obturator and a conventional ET. 
Combitube has two balloons which inflate from the exterior. First one corresponds to an oropha-
ryngeal balloon (85–100 ml of capacity) situated in a proximal position to the pharyngeal per-
forations with a function of serves as a sealing of the oral and nasal cavity; second one, is called 
traqueo-esophagic balloon, and needs a volume of 12–15 ml to seal the trachea or esophagus. 
Combitube can be placed either in the esophagus or in trachea, and in case of tube passes to the 
esophagus, the patient can still be ventilated because the perforations existing in combitube esoph-
ageal lumen, and the stomach can be aspirated from the tracheal lumen. In case of combitube is set 
in the trachea, the patient can also be ventilated from the trachea lumen (Figure 17) [29, 30].

Figure 16. New type of Fastrach laryngeal mask.

Figure 17. Combitube.
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4.3. Transglottic airway devices

4.3.1. Gum Elastic Bougie

Eschman Guide or Gum Elastic Bougie (GEB) is a semi-flexible guide of polyester covered in 
resin (to avoid laryngeal trauma). GEB has a 15-Fr diameter and can be introduced in 6 mm 
internal diameter tubes. Insertion technique consists of sliding the angulated tip underneath 
the epiglottis, then, dragging at the tracheal cartilages must be perceived (Figure 18) [31].

4.3.2. Lightwand device (Trachlight)

In some countries, a lighted stylet is used for ETI, this is the called Trachlight. It is based on 
transillumination of the soft tissue of the neck with a high effectivity for achieving intubation 
in an approximate time of 25 s (Figure 19) [32].

4.4. Optical devices

4.4.1. Video laryngoscopes

They are laryngoscopes that carry in its distal blade’s end a high-resolution video camera to 
visualize the glottis and to introduce an ET without the need of observing the glottis directly 

Figure 18. Gum Elastic Bougie (GEB).

Figure 19. Lightwand device (Trachlight).
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but through a high-resolution screen which can be located in the same device or at the 
patient’s side. Among the main complications reported are the soft palate lesions (Figure 20).

5. Insights and future directions

5.1. Direct laryngoscopy vs. video laryngoscopy

Learning curve (LC) in the case of the direct laryngoscopy requires of approximately of 45–50 pre-
vious intubations [33], while LC for video laryngoscopy is around 5 attempts. ETI using a video 
laryngoscopy is possible with little training, due to transmitted image from the blade’s distal tip 
makes easier the visualization of the larynx entrance. When intubation attempts using Miller or 
Macintosh laryngoscopes or video laryngoscopy fail other methods to secure pediatric airway are 
recommended to be used (i.e. supraglottic devices). Recent studies have reported that ETI with 
video laryngoscopy even performed by less experienced medical personnel, increases significantly 
the success rate in the first attempt in comparison with direct laryngoscopy [34]; moreover, it has 
been reported that video laryngoscopy decreases the intubation time with less desaturation and 
less failure rate when it is compared with conventional laryngoscopy [35, 36]. Nevertheless, other 
video laryngoscope methods (GlideScope) implying other type of learning (mainly based on explo-
ration), have resulted to be inferior to direct laryngoscopy regarding the time required for ETI [37].

5.2. Importance of formal training in pediatric ETI

Until date there is no standard definition for the term proficiency in pediatric/neonatal airway ETI. 
In a recent study, defined a formal training in pediatric airway management as having received 
at least 2 weeks of training by pediatric anesthesiology teachers. In that study was reported that 
after formal training, intubation success rate increased from 65.1 to 75.7% (p = 0.01), and it was 
observed a significant decreasing in the number of intubation attempts (p = 0.01). However, they 
did not find statistically significant differences in the time for achieving Intubation nor for the 
frequency of complications [38].

In a study conducted by Kerrey et al., where rapid sequence intubation technique was used, 
pediatricians in emergency departments and anesthesiologist had higher success rates (88–91%) 
in comparison to physicians in formation (45%) [7]. These results were similar to the reported 
by Goto et al. where intubation success was higher at the first attempt in pediatricians (OR 2.36; 
CI 95% 1.11–4.97) and in emergency room physicians (OR 3.2; CI 95% 1.78–5.83) in comparison 
to pediatric residents of the first and second year [39].

Figure 20. Video laryngoscope.
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It has also been evaluated the skills for neonatal ETI between residents. Interestingly, skills 
significantly improved with a success rate from 27% during the first year of formation to 79% 
for the second year. Number of attempts also improved decreasing from 3.6 to 1.2 from the 
first to the second year, respectively [38]. This and other study results highlight the relevance 
of implementing training strategies from early stages of education in medicine to effectively 
achieve ETI in children with the less number of attempts and complications [6, 40, 41].

5.2.1. ETI training models, live models, and simulation training sessions for increasing success in 
pediatric and neonatal intubation

Recently, it has been mentioned that there are no differences in the learning curve or the skills 
for performing neonatal intubation by comparing live models versus ETI training models. 
Retention curves with a follow-up of 6, 18 and 52 weeks remain constant after 6 weeks and 
get lost after 18 and 52 weeks; although, retention is higher when skill levels are higher too 
[42, 43]. Additionally, it has been reported that educational interventions such as training ses-
sions using didactic and simulation components have not been related with an improvement 
in intubation success rate; even, performance points decrease after 8 weeks of the intervention 
[44]. Importantly, other studies have not found differences in pediatric ETI success rate at first 
attempt by comparing groups with and without training [45].

6. Conclusions

It is important to highlight, that clinicians who attend critically ill pediatric patients requiring 
airway management know the rapid sequence intubation procedure, identify a patient with dif-
ficult airway, know the devices and techniques for the management of difficult airway, and look 
for receiving a formal training. Future strategies for teaching and/or training clinicians in pediat-
ric and neonatal ETI should be evaluated through conducting controlled clinical trials to identify 
which type is the most effective by considering the less number of attempts and complications.
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[42, 43]. Additionally, it has been reported that educational interventions such as training ses-
sions using didactic and simulation components have not been related with an improvement 
in intubation success rate; even, performance points decrease after 8 weeks of the intervention 
[44]. Importantly, other studies have not found differences in pediatric ETI success rate at first 
attempt by comparing groups with and without training [45].

6. Conclusions

It is important to highlight, that clinicians who attend critically ill pediatric patients requiring 
airway management know the rapid sequence intubation procedure, identify a patient with dif-
ficult airway, know the devices and techniques for the management of difficult airway, and look 
for receiving a formal training. Future strategies for teaching and/or training clinicians in pediat-
ric and neonatal ETI should be evaluated through conducting controlled clinical trials to identify 
which type is the most effective by considering the less number of attempts and complications.
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Abstract

Cardiac tamponade is a life-threatening condition characterized by compression of the 
heart due to pericardial accumulation of different types of fluid and requires prompt 
diagnosis and immediate therapeutic intervention. Echocardiography is the most use-
ful imaging technique to diagnose the cardiac tamponade and to evaluate the size, 
location, and hemodynamic impact of the pericardial effusion. Emergency pericardio-
centesis is the procedure used for the aspiration of the fluid from the pericardial space 
in patients with significant pericardial effusion which determines hemodynamic com-
promise (cardiac tamponade). Emergency pericardiocentesis in children is performed 
under local anesthesia and is echocardiographic-guided. The first step of echocardio-
graphic-guided pericardiocentesis is to assess the dimension and distribution of the 
pericardial fluid and the optimal trajectory of the needle in order to efficiently evacuate 
the pericardial fluid. The transducer is situated 3–5 cm from the parasternal border and 
the trajectory of the needle is established by the angle of the transducer. The needle is 
positioned between the xiphoid process and the left costal cartilages and is advanced, 
while a continuous aspiration is performed. It is important to avoid the neighboring 
vital organs (heart, liver, lung, internal mammary artery, and the intercostal vascular 
bundle). Complications which can occur are as follows: dysrhythmias, puncture of cor-
onary artery or mammary artery, hemothorax, pneumothorax, pneumopericardium, 
and hepatic injury.

Keywords: pericardiocentesis, emergency, children, cardiac tamponade

1. Introduction

Pericardiocentesis is indicated in hemodynamic unstable children with cardiac tamponade. 
Echocardiography is a useful imaging tool for liquid effusion visualization and for needle 
trajectory, reducing the risk of complications.
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2. Cardiac tamponade

2.1. Definition

Cardiac tamponade is a life-threatening condition characterized by compression of the heart 
due to pericardial accumulation of different types of fluid in the pericardial space, which 
determines restriction from normal filling of the cardiac chambers. Other causes that can 
determine cardiac tamponade are as follows: inflammation, trauma, aortic dissection, and 
rupture of the heart [1]. This condition requires prompt diagnosis and immediate therapeutic 
intervention.

2.2. Etiology

Cardiac tamponade can appear in children as a result of the following conditions (Table 1).

Accumulation of transudative fluid into pericardial space can occur from obstruction of fluid 
drainage, while exudative fluid accumulation appears secondary to inflammation, infections, 
autoimmune, and malignant diseases.

2.3. Physiopathology

Pericardium envelops the heart and consists of two layers (the visceral pericardium and the 
parietal pericardium), which are separated by a virtual space containing a small amount of 
fluid (about 20 mL), serving as lubricant. Normally, pericardium has little effect on cardio-
vascular function as the following: preservation of the interaction between the left and right 
ventricle during the systole and diastole, limitation of the intrathoracic cardiac movement 
and acute cardiac dilatation, minimization of the friction between the heart and neighboring 
structures by the presence of a small amount of fluid in the pericardial space, and anatomic 
barrier for pulmonary infections by lymphatic structure [1–3].

Abnormal pericardial fluid production will determine an increased intrapericardial pressure, 
when the normal capacitance volume of the pericardium is exceeded, with hemodynamic  

Common causes Uncommon causes

Infectious pericardial effusion (viral, pyogenic, tuberculous)
Uremia
Neoplasia (metastases, leukemia, lymphoma)
Postcardiac surgery (postpericardiotomy syndrome)
Collagen vascular diseases (systemic lupus erythematosus)
Trauma (hemopericardum)

Postcardiac percutaneous procedures
Radiofrequency ablation
Transvenous pacemaker lead implantation
Radiation therapy
Chemotherapy
Myocardial infarction
Aortic dissection
Hypothyroidism
Kawasaki disease
Juvenile idiopathic arthritis
Rheumatic fever

Table 1. Causes of cardiac tamponade [1–8].
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consequences, depending on the rate of liquid accumulation in the pericardial sac. Slow accu-
mulation of the fluid cannot produce clinical symptoms, even when a large quantity of fluid 
is present, while a rapid accumulation of pericardial fluid will determine a sudden increase of 
the intrapericardial pressure with severe clinical and hemodynamic consequences. Cardiac tam-
ponade can appear in case of sudden increase of the intrapericardial fluid volume or in case of 
progressive increase of the pericardial fluid beyond the point of possible pericardial distension. 
In cardiac tamponade, the diastolic filling is severely reduced because of the increased intraperi-
cardial pressure and conversely, the cardiac output will be reduced. During inspiration, the right 
ventricle is expanded because of the increased inflow, while during expiration, the left ventricle 
is expanded and causes the diastolic collapse of the right ventricle and right atrium [2, 3, 9, 10].

2.4. Clinical presentation

During the initial stages, ejection fraction and heart rate are increased and consecutively, the 
cardiac output is preserved. Lately, the compensatory mechanisms are not effective and sys-
temic vascular resistance are increased, in order to maintain systemic blood pressure, with 
systemic perfusion compromising and finally with decreased myocardial function, reduced 
cardiac output, and blood pressure. Clinically, the Beck’s triad expresses these pathophysi-
ological changes described above and consists of distant heart sounds, hypotension, and 
jugular venous distension because of elevated central venous pressure. Other clinical signs 
are diminished peripheral pulses, pulsus paradoxus (a decrease in systolic blood pressure 
of >10 mmHg during inspiration), hepatomegaly, and Kussmaul’s sign (increased jugular 
venous pressure during inspiration). In late phases, cyanosis and decreased level of con-
sciousness can be present [1–3, 9–11].

2.5. Diagnosis

Cardiac tamponade is diagnosed clinically and on echocardiography, but there are other use-
ful diagnostic investigations.

2.5.1. Chest radiography

Chest radiography can reveal an increased cardiac silhouette (“water-bottle” shape) or a nor-
mal-appearing cardiac silhouette.

2.5.2. Electrocardiography

Decreased electrocardiographic voltage and electric alternans (alternating P wave, QRS com-
plex, and T wave voltages because of the swinging motion of the heart) are characteristics of 
cardiac tamponade.

2.5.3. Echocardiography

Echocardiography is the most useful imaging technique to diagnose the cardiac tam-
ponade and to evaluate the size, location, and hemodynamic impact of the pericardial 
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when the normal capacitance volume of the pericardium is exceeded, with hemodynamic  

Common causes Uncommon causes

Infectious pericardial effusion (viral, pyogenic, tuberculous)
Uremia
Neoplasia (metastases, leukemia, lymphoma)
Postcardiac surgery (postpericardiotomy syndrome)
Collagen vascular diseases (systemic lupus erythematosus)
Trauma (hemopericardum)

Postcardiac percutaneous procedures
Radiofrequency ablation
Transvenous pacemaker lead implantation
Radiation therapy
Chemotherapy
Myocardial infarction
Aortic dissection
Hypothyroidism
Kawasaki disease
Juvenile idiopathic arthritis
Rheumatic fever

Table 1. Causes of cardiac tamponade [1–8].
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effusion. Emergency echocardiographic assessment of tamponade includes two stages: 
first stage demonstrates the presence of pericardial fluid collection and the second stage 
assesses the hemodynamic effects of previously detected collection [12]. The first sign 
of hemodynamic impairment in tamponade is collapse of the right ventricle free wall in 
early- to mid-diastole because of the increased intrapericardial pressure more than ven-
tricular transmural distending pressure, and is very specific (Figure 1). Right atrial col-
lapse appears in late diastole and has high specificity. The absence of the right chamber 
collapse is present in cases of elevated diastolic pressure in the right chambers, such as 
pulmonary hypertension, positive pressure ventilation, or severe left ventricle failure [9]. 
When tamponade progresses, left atrial late-diastolic collapse and left ventricle early-dia-
stolic collapse can appear. Dilatation of inferior vena cava without normal inspiratory 
variation (less than 50% decrease in diameter during inspiration), known as inferior vena 
cava plethora, has also high sensitivity for cardiac tamponade. Other signs are swinging 
heart, respiratory variation in ventricular chamber size, pseudosystolic anterior motion of 
the mitral valve, fluttering of the ventricular septum, and dilated hepatic veins [1–4, 10, 
12–15]. The absence of the heart chamber collapse is considered as a negative predictive 
sign for cardiac tamponade [9].

Cardiac tamponade occurring after open-heart surgery is suspected in case of signs of low 
cardiac output, fall in systemic blood pressure associated with tachycardia and increased 

Figure 1. Tamponade, collapse of the right ventricle free wall (echocardiography—subcostal view).
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filling pressure, oliguria, decrease of chest drainage, pulsus paradoxus, cardiac arrest, and 
widen mediastinal shadow on chest radiography [16].

Doppler echocardiography is another useful tool for diagnosis of tamponade, showing large 
variations with respiration (more than 30%) in the amplitude of inflow and outflow signals, 
as follows [1–3, 9, 10, 12–15].

• Mitral valve: exaggerated decrease in mitral inflow (E wave velocity) during inspiration 
and relatively increase of the atrial component (A wave velocity).

• Tricuspid valve: exaggerated increase in tricuspid inflow (E wave velocity) during 
inspiration.

• Peak velocities in left and right outflow tracts have a large difference with respiratory cycle. 
During inspiration, there is a drop of peak velocity in the aorta, while in the right ventricu-
lar outflow tract, there is an increase of peak velocity.

• Pulmonary veins: decrease of D wave velocity during inspiration.

• Hepatic veins: increased S wave velocity during inspiration; decreased or absence of D 
wave and high reversal during expiration.

Although there are many echocardiographic signs, none of these findings are entirely diagnostic 
of cardiac tamponade, so the diagnosis is based on both clinical and ultrasound assessment.

2.5.4. Cardiac CT

Cardiac CT can identify the collapse of the cardiac chambers.

2.5.5. Cardiac MRI

Cardiac MRI can identify the hemodynamic changes of tamponade (collapse of the cardiac 
chambers).

2.6. Treatment

Emergency pericardiocentesis represents the method used to relieve tamponade. Improvement 
of the blood pressure and cardiac output can be the result of removal even a small amount of 
fluid (except of the cases of purulent or malignant pericardial effusions).

3. Pericardiocentesis

3.1. Definition

Emergency pericardiocentesis is the procedure used for the aspiration of the fluid from the 
pericardial space in patients with significant pericardial effusion, which determines hemody-
namic compromise (cardiac tamponade).
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Pericardiotomy was first performed in 1815, and the subxiphoid approach was first described 
in 1911. The ultrasound-guided pericardiocentesis is considered the standard procedure 
because of lower rate of complications.

3.2. Indications

Pericardiocentesis is indicated in hemodynamic-unstable children with cardiac tamponade 
and to diagnose the cause of the presence of a pericardial fluid accumulation.

3.3. Contraindications

There are relative contraindications such as uncorrected bleeding disorders, anticoagulation 
therapy, thrombocytopenia, small pericardial effusion with posterior localization, and aortic 
dissection.

3.4. Equipment for pericardiocentesis

• Ultrasound machine (Figure 2)

• Cardiac monitor

• ECG machine

• Resuscitation equipment including defibrillator

• Antiseptic substances

• Local anesthetic

• Needles

• Syringes

• Catheter guide

• Seldinger wire

• Pigtail catheter

• Alligator clamps

• Drain tubes

• Collection system

• Sterile compressor for transducer

• Sterile fields

• Compresses
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3.5. Technique

3.5.1. Preparation

All equipment must be prepared before starting the procedure and full resuscitation equip-
ment including defibrillator must be available. The patient must be attached to a cardiac 
monitor and must have an IV line in place. Sedation is necessary in patients who are awake. 
In patients who are unresponsive, sedation can produce hemodynamic or respiratory dete-
rioration. It is also necessary to assure the availability for operating room in case of anatomic 
approach failure or consecutive complications.

Position at 45° can bring the heart closer to the thoracic anterior wall and is preferred in 
patients with stable clinical conditions. In case of distended abdomen, a nasogastric tube 
should be put in place. The platelet count and coagulation profile should be checked before 
the procedure [17, 18].

Sterile skin preparation and area disinfection are effectuated using betadine or other antisep-
tic substance, and sterile fields are used to isolate this area. Local anesthesia is recommended 
to be done by infiltration with 1% lidocaine.

Figure 2. Equipment for pericardiocentesis.
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3.5.2. Anatomic approach

Three main approaches such as the subxiphoid approach, parasternal approach, and apical 
approach are used, which are selected based on imaging guidance to find the maximum layer 
of effusion and avoiding the puncture of other structures [2, 10, 17–19].

Subxiphoid (subcostal) approach was preferred for a long period of time and is the safest 
approach in cases without ultrasound guidance. The needle is inserted between the xiphoid 
process and the left costal margin at an angle of 30–45° to the skin, and is directed toward the 
left shoulder (Figures 3 and 4).

Parasternal approach: the needle is placed perpendicular to the skin in the fifth intercostal 
parasternal space, at 1–3 cm to the sternal border (to avoid the puncture of internal mammary 
artery). The needle is placed into the intercostal space above the superior edge of the rib (in 
order to avoid the neurovascular bundle, which is located inferiorly). The risk for pneumo-
thorax is higher than using other approaches.

Apical approach: the needle is introduced 1 cm lateral to the apex beat or at the edge of car-
diac dullness and is directed toward the right shoulder.

Figure 3. Echocardiographic-guided pericardiocentesis using the subxiphoid approach.

Bedside Procedures82

In both subxiphoid and sternal approaches, preferable patient’s position is sitting at 45° angle, 
if the clinical condition permits, while supine position is used in patients with severe clinical 
condition [17, 20].

The advantages and disadvantages of these approaches are presented in Table 2 [17, 21].

3.5.3. Procedure

Emergency pericardiocentesis in children is recommended to be performed under echocar-
diographic guide. Blind pericardiocentesis is performed only in very rare situations, which 
are immediate life-threatening, because of the major risk for severe complications.

Figure 4. Echocardiographic-guided pericardiocentesis: needle insertion.

Approach Advantages Disadvantages

Subxiphoid The safest approach in unguided-pericardiocentesis
Low risk of pleural injury

High risk for hepatic, gastric, phrenic, 
and diaphragmatic damage

Parasternal Echocardiography provides good visualization of the 
zone of maximum pericardial collection

High risk for pneumothorax and 
internal thoracic vessels injury

Apical Lower risk of bleeding because of the paucity of cardiac 
vascularization near the heart apex
Left ventricle has thick walls and protects against 
puncture
No pleura near the apex and low risk of pneumothorax

Avoid in emergency situations

Table 2. Pericardiocentesis approaches.
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3.5.3.1. Echocardiographic-guided pericardiocentesis

The first step of echocardiographic-guided pericardiocentesis is to assess the dimension and 
distribution of the pericardial fluid and the optimal trajectory of the needle in order to effi-
ciently evacuate the pericardial fluid. The area of maximal fluid accumulation is also deter-
mined using the echocardiography. The echocardiographic transducer is covered with a 
sterile material (sterile glove with ultrasound sterile gel) and is positioned approximately 
3–5 cm from the left parasternal border, and the area of maximal fluid accumulation is identi-
fied. The direction and trajectory of needle follows the angle of the transducer. The place of 
puncture is delimitated by the angle between the xiphoid process and the left costal cartilages, 
and 18 mm gauge needles are recommended. The distance between the skin and pericardium 
is about 5 cm in children. The needle is directed at a 15° posterior angle toward the shoulder 
and is advanced, while a continuous aspiration is performed with a syringe and the fluid is 
obtained. The drainage is also assessed using the echocardiography [2, 10, 17–19].

3.5.3.2. Pericardiocentesis with electrocardiographic assistance

This procedure can be used when echocardiography guiding is not available. Electrocardiogram 
monitoring is begun after the pericardial space has been reached, before the needle is 
advanced. A sterile electrical cord is attached to the needle using an alligator clips and is 
connected to any precordial lead in order to avoid the ventricular puncture. The electrocar-
diographic mark of epicardium touching is a wide complex (like a premature ventricular 
complex, with elevated ST segment), known as current of injury pattern. Atrial arrhythmia or 
PR segment elevation shows the contact with atrial pericardium, while ventricular arrhyth-
mia is the marker of mechanical stimulation of the ventricular epicardium. The current of 
injury appears when the needle touches the epicardium and from this point, there is a high 
risk of myocardium or coronary laceration. Until the current of injury disappears, the needle 
must be withdrawn few millimeters and then safely placed into the pericardial space [17].

3.5.3.3. Fluid aspiration

Aspiration of pericardial fluid can increase the risk of cardiac puncture. Nonclotting aspirated 
blood and a lower hematocrit level may indicate a pericardial origin [17]. Diagnostic studies 
are performed on pericardial fluid such as cell count, protein level, glucose, lactate dehydro-
genase, bacterial, fungal, and mycobacterial culture, viral PCR, and tumor cytology.

3.5.3.4. Percutaneous pericardial drainage

Insertion of a drainage catheter is used to avoid and to reduce the rate of recurrence. The 
subxiphoid approach is recommended using an 18-mm gauge needle. After the pericardial 
puncture, the position of the needle in the pericardial sac is assessed using 5–6 mL of agi-
tated saline solution, which is injected and monitored by echocardiography, confirming the 
position of needle (microbubbles will create contrast into pericardial fluid). A guide wire is 
inserted into the pericardial space and the needle is removed, and dilatation of the needle 
tract is performed. Then, a pigtail catheter is inserted over the guide wire via the Seldinger 
technique and is left in place for few days for drainage of chronic effusions [2, 10, 13, 17, 19].
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3.6. Complications

Complications which can occur are as follows: dysrhythmias (atrial fibrillation, ventricular 
tachycardia, asystole), puncture of coronary artery, hemothorax, pneumothorax, pneumoperi-
cardium, cardiac laceration, epicardial or pericardial thrombus, ventricular dysfunction, arte-
rial hypotension because of vasovagal reaction, sudden pulmonary edema due to a sudden 
increase in pulmonary return, circulatory collapse in patients with an increased rate of drain-
age, lung laceration, intercostal vessels injury, mammary artery injury, pleuropericardic fistula, 
infection, diaphragm, phrenic, gastric and hepatic injury, and hemoperitoneum [2, 10, 17–21].

3.7. Follow-up

After pericardiocentesis, an individualized follow-up is required. Daily echocardiographic 
evaluation is performed in the first few days during hospitalization to evaluate pericardial 
effusion recurrence and weekly evaluation after patient discharge is required [13].

Tips and tricks:

• Diagnostic of cardiac tamponade is based on both clinical and ultrasound assessment.

• When the needle penetrates the pericardium, the patient who is awake can undergo a sharp 
chest pain.

• During pericardiocentesis, the needle should not be further advanced after aspiration of 
pericardial fluid.

• If a large quantity of blood is aspirated, the needle could be in the ventricle.

• Clotting fluid does not reliably indicate the position of needle.

• An increased rate of drainage can determine circulatory collape.
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injury appears when the needle touches the epicardium and from this point, there is a high 
risk of myocardium or coronary laceration. Until the current of injury disappears, the needle 
must be withdrawn few millimeters and then safely placed into the pericardial space [17].

3.5.3.3. Fluid aspiration

Aspiration of pericardial fluid can increase the risk of cardiac puncture. Nonclotting aspirated 
blood and a lower hematocrit level may indicate a pericardial origin [17]. Diagnostic studies 
are performed on pericardial fluid such as cell count, protein level, glucose, lactate dehydro-
genase, bacterial, fungal, and mycobacterial culture, viral PCR, and tumor cytology.

3.5.3.4. Percutaneous pericardial drainage

Insertion of a drainage catheter is used to avoid and to reduce the rate of recurrence. The 
subxiphoid approach is recommended using an 18-mm gauge needle. After the pericardial 
puncture, the position of the needle in the pericardial sac is assessed using 5–6 mL of agi-
tated saline solution, which is injected and monitored by echocardiography, confirming the 
position of needle (microbubbles will create contrast into pericardial fluid). A guide wire is 
inserted into the pericardial space and the needle is removed, and dilatation of the needle 
tract is performed. Then, a pigtail catheter is inserted over the guide wire via the Seldinger 
technique and is left in place for few days for drainage of chronic effusions [2, 10, 13, 17, 19].
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3.6. Complications

Complications which can occur are as follows: dysrhythmias (atrial fibrillation, ventricular 
tachycardia, asystole), puncture of coronary artery, hemothorax, pneumothorax, pneumoperi-
cardium, cardiac laceration, epicardial or pericardial thrombus, ventricular dysfunction, arte-
rial hypotension because of vasovagal reaction, sudden pulmonary edema due to a sudden 
increase in pulmonary return, circulatory collapse in patients with an increased rate of drain-
age, lung laceration, intercostal vessels injury, mammary artery injury, pleuropericardic fistula, 
infection, diaphragm, phrenic, gastric and hepatic injury, and hemoperitoneum [2, 10, 17–21].

3.7. Follow-up

After pericardiocentesis, an individualized follow-up is required. Daily echocardiographic 
evaluation is performed in the first few days during hospitalization to evaluate pericardial 
effusion recurrence and weekly evaluation after patient discharge is required [13].

Tips and tricks:

• Diagnostic of cardiac tamponade is based on both clinical and ultrasound assessment.

• When the needle penetrates the pericardium, the patient who is awake can undergo a sharp 
chest pain.

• During pericardiocentesis, the needle should not be further advanced after aspiration of 
pericardial fluid.

• If a large quantity of blood is aspirated, the needle could be in the ventricle.

• Clotting fluid does not reliably indicate the position of needle.

• An increased rate of drainage can determine circulatory collape.
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Abstract

Heinrich Irenäus Quincke was the first person in medical history to perform lumbar
puncture (LP). Indications of lumbar puncture include suspected meningitis, suspected
subarachnoid hemorrhage, administration of chemotherapeutic agents, instillation of
contrast media for imaging of the spinal cord, and the evaluation of various neurologic
conditions including normal pressure hydrocephalus and Guillain-Barré syndrome, and
the treatment of idiopathic intracranial hypertension. Contraindications of lumbar punc-
ture include findings of increased intracranial pressure, bleeding diathesis, cardiopul-
monary instability, soft tissue infection at the puncture site, shock, respiratory
insufficiency, and suspected meningococcal septicemia with extensive or spreading
purpura. Altered mental status, focal neurologic signs, papilledema, focal seizure, and
risk for brain abscess are indications for cranial imaging before performing LP. Lack of
local anesthetic use and advancement of the spinal needle with the stylet in place were
most prominent risk factors for a traumatic LP. Ultrasound may minimize the number
of LP attempts and decrease patient and parent anxiety by easily identifying an insertion
site. Infection, spinal hematoma, epidermoid tumor, and cerebral herniation are the
main complications of LP. When LP is traumatic, the wisest approach is to assume the
patient is having meningitis and start empirical therapy.

Keywords: infants, neonate, newborns, lumbar puncture, spinal tap, meningitis

Core tips

It seems that Heinrich Irenäus Quincke was the first person in medical history to use lumbar
puncture for therapeutic, and subsequently, diagnostic purposes.

Empirical antibiotic therapy for suspected meningitis, which should ideally succeed lumbar
puncture, should be started immediately if lumbar puncture is to be delayed.
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Lumbar puncture should always be performed as soon as the infant becomes clinically stable
and can tolerate the procedure even if it has not been possible to be performed at the first
suspicion of meningitis.

Lumbar puncture can be performed safely in patients with thrombocytopenia less than 10,000/μL,
if they receive transfusion to a peripheral platelet count greater than 50,000/μL, and in patients
with coagulopathy after appropriate correction of factor deficiency.

Physicians may have to treat suspected meningitis being deprived of cerebrospinal fluid (CSF)
analysis guidance, since getting parental consent for lumbar puncture may be problematic.

During lumbar puncture, airway and resuscitation equipment should be immediately at hand.

Lumbar puncture in children younger than 12 months must be performed below the L2-L3
interspace.

The presence of a family member was found to be associated with neither an increased risk of
traumatic or unobtainable lumbar puncture nor more attempts at the procedure.

The “ideal” angle for lumbar puncture as determined with ultrasonography was 50� in infants
in both the lateral recumbent and sitting positions.

When lumbar puncture is traumatic, the wisest approach is to assume the patient as having
meningitis and start empirical therapy.

1. Introduction

Lumbar puncture (LP) may be considered one of the most well-known diagnostic procedures
in the field of pediatric infectious diseases. It is an essential procedure for analyzing cerebro-
spinal fluid (CSF) in the evaluation for meningitis, sepsis, fever, or subarachnoid hemorrhage
(SAH) in neonates.

2. History

Our knowledge of meninges dates back to ancient Egypt, where it was described in Ebers
papyrus around 1500 BC. Hippocrates (and his physician contemporaries) must have been
aware of the presence of CSF, since he is known to have referred to hydrocephalus as “water in
the head.”

Despite, apparently, a long time has passed since the discovery of CSF, its usual collection
technique, called lumbar puncture, has a relatively short history—about only a century long.
The answer to the question of who has performed the first lumbar puncture is still a little
matter of debate today:

• In 1885, North-American neurologist Leonard Corning (1855–1923) published two articles,
in which he described the application of “local medication” cocaine for local anesthesia to
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the spinal cord in thoracic D1–D2 interspace, most probably in the epidural space not
removing any CSF.

• Heinrich Irenäus Quincke (1842–1922), a German professor of internal medicine in Kiel,
presented his first communication on LP in the “X. Kongress der Gesellschaft für inneren
Medizin” (X. Congress of the Society of Internal Medicine) in Wiesbaden, Germany on
April 8, 1891. In his first procedure of its kind, Quincke used a hollow needle with stiletto,
which very closely resembles the LP needles that are routinely used today. He entered the
subarachnoid space at the L3-L4 intervertebral level and drained CSF with the purpose of
relieving headache, suffered by children with hydrocephalus. Quincke coined the term
“Lumbalpunction” (LP) in his subsequent paper on this field.

• According to English physicianWalter Essex Wynter’s (1860–1945) article published in the
Lancet on May 2, 1891, he made a skin incision at the second lumbar vertebra, and then
made a big opening up to the dura mater, in addition to which laminectomy was often
required. Next, he introduced a trochar and took CSF out for decreasing CSF pressure.
Wynter used the term “paracentesis” for his procedure.

It is clearly seen that all three investigators have done the procedure for therapeutic, not
diagnostic purposes, which is the main difference from today’s LP. It is also obvious that
Corning’s performance involves a site (thoracic) and an intermeningeal space (epidural) that
is very distinct from LP.

Although some authors mention the names of Corning and Wynter, it seems that Quincke was
the first person in medical history to use LP for therapeutic, and subsequently, diagnostic
purposes. Putting the common point of therapeutic use apart, during the time of publication,
characteristics of puncture and nomenclature used were compared; we, in agreement with
authors like Frederiks and Koehler, favor Quincke as the discoverer of LP. Besides, we believe
that he deserves this title for being the first investigator to apply LP for diagnostic purposes
thereafter [1, 2].

3. Indications

• The main indication for LP in newborn period is suspected central nervous system (CNS)
infection. LP is an indispensable and emergent tool in the diagnosis of neonatal meningitis
and should ideally precede the initiation of empirical antimicrobial therapy. If LP should
be delayed or cannot be performed for any reason, such as deteriorating clinical status of
the patient or transferring the patient to another health institution, empirical antibiotic
therapy should be started immediately, since minutes count in the diagnosis and early
commencement of therapy [3].

Clinical findings of neonatal meningitis are similar to those of neonatal sepsis with or without
meningitis. Thus, it is not possible to predict with physical findings alone whether the infant
has sepsis, meningitis, or both. Although signs of sepsis and meningitis intertwine in the
newborn period, some neonatologist deem it unnecessary to perform LP on neonates evalu-
ated for sepsis, especially those with early neonatal sepsis [4, 5], because the antibiotics for
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be delayed or cannot be performed for any reason, such as deteriorating clinical status of
the patient or transferring the patient to another health institution, empirical antibiotic
therapy should be started immediately, since minutes count in the diagnosis and early
commencement of therapy [3].

Clinical findings of neonatal meningitis are similar to those of neonatal sepsis with or without
meningitis. Thus, it is not possible to predict with physical findings alone whether the infant
has sepsis, meningitis, or both. Although signs of sepsis and meningitis intertwine in the
newborn period, some neonatologist deem it unnecessary to perform LP on neonates evalu-
ated for sepsis, especially those with early neonatal sepsis [4, 5], because the antibiotics for
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both conditions would be the same. However, it should be kept in mind that blood cultures are
negative in one-third of neonates with meningitis who are very-low-birth-weight and born
over 34 weeks of gestation [6]. Thus, in case of LP is not performed, a significant portion of
neonates with meningitis would not get a correct diagnosis and would not be observed for the
likely complications of meningitis. For that reason, the author is in favor of the opinion that LP
should always be performed as soon as the infant becomes clinically stable and can tolerate the
procedure even if it has not been possible to be performed at the first suspicion of meningitis.
CSF inflammation lasts for a considerably long duration of days, which would allow the
clinician to diagnose or exclude the diagnosis of meningitis although CSF cultures may
become negative within hours.

• Suspected subarachnoid hemorrhage (SAH) is another emergent indication for LP. Com-
puted tomography (CT) should be performed for all children suspected of having SAH.
There are times when SAH is not detectable on a CT scan and LP becomes the sole method
of diagnosing this condition [7].

• Other indications for LP include the administration of chemotherapeutic agents, instilla-
tion of contrast media for imaging of the spinal cord, and the evaluation of various
neurologic conditions including normal pressure hydrocephalus and Guillain-Barré syn-
drome. Among therapeutic uses of LP, removal of CSF in the treatment of idiopathic
intracranial hypertension (pseudotumor cerebri) is noteworthy [8].

4. Contraindications

A contraindication to LP can be absolute or relative. In all situations, the clinician should use
her/his clinical judgment by taking into account the relative risk of performing LP.

• Increased intracranial pressure (ICP): Increased intracranial pressure (ICP) is an absolute
contraindication. Children with elevated ICP are at risk for cerebral herniation during LP.
Therefore, cranial CT of all patients with clinical suspicion of increased ICP is essential for
the physician’s decision to perform LP, including those at risk because of brain abscess [8].

• Bleeding diathesis: Our knowledge regarding the safety of performing LP in patients with
thrombocytopenia or coagulation factor deficiency is limited. The safety of LP in thrombo-
cytopenia was investigated in 5223 LPs performed on 958 children with acute lymphoblastic
leukemia in a retrospective study. Of these LPs, 912 were done at platelet counts of 11,000–
20,000/μL, and 29 were performed at platelet counts of 10,000/μL or less. Serious complica-
tions of LP were not observed, regardless of platelet count. The authors concluded that
prophylactic platelet transfusion was not necessary in children with platelet counts higher
than 10,000/μLwith a little caution that no conclusion can be made for children with platelet
counts of 10,000/μL or less, due to the small number of patients in the study [9].

Because of the risk of subdural or epidural hematoma formation, many experts are against
performing LP in patients with coagulation defects who are bleeding, severely thrombocytope-
nic (i.e., with platelet counts <50,000/μL), receiving anticoagulant therapy or an international
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normalized ratio of 1.4 or higher, without correcting the underlying abnormalities [8, 10].
However, LP can be performed safely in patients with thrombocytopenia less than 10,000/μL,
if they receive transfusion to a peripheral platelet count greater than 50,000/μL, and in patients
with coagulopathy after appropriate correction of factor deficiency [9, 11].

• Cardiopulmonary instability: The position of the newborn during LP may result in car-
diopulmonary compromise. This issue will be addressed further in detail elsewhere in the
text.

• Soft tissue infection at the puncture site

• Shock

• Respiratory insufficiency

• Suspected meningococcal septicemia with extensive or spreading purpura [10]

Conditions listed below are conditions in which imaging is needed before LP to exclude brain
shift, swelling, or space occupying lesion [10]:

• Moderate to severe impairment of consciousness [Glascow coma scale (GCS) < 13 or 9
according to some experts] or fall in GCS of >2

• Focal neurological signs (including unequal, dilated, or poorly responsive pupils)

• Abnormal posture or posturing

• Papilledema

• After seizures until stabilized

• Relative bradycardia with hypertension

• Abnormal “doll’s eye” movements

• Immunocompromise

Consequently, LP is sometimes contraindicated simply because the patient is too ill to safely
undergo the procedure.

5. Parental consent

Since patients without appropriate decisional capacity cannot give their informed consent and
written informed consent of the caregiver is required before the procedure, in many institu-
tions including ours, it is customary for physicians to talk to parents for providing informed
permission for an intervention like LP on their child. A straightforward explanation of the
urgency and essentialness of the procedure, as well as the details of the procedure itself, maybe
with the help of comparison with usual venipuncture (author’s practice), is usually reassuring
and should routinely be provided. Sometimes parents refuse to give assent and physicians are
forced to initiate and continue CNS infection treatment totally blindfolded—that is without
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being able to include or exclude the diagnosis, grow the etiologic organism, and confirm the
treatment success. Although LP is a relatively safe process, results from studies show that the
most frequent concern that lay behind a dissent is that LP would cause a complication [12, 13].
In a single-center study carried out in Turkey, the most feared complication was paralysis
(60%) followed by sterility (22%) [14].

6. Imaging

The decision to carry out imaging before LP should be done on a case-by-case basis. Children
with the following conditions may have increased intracranial pressure (ICP) and, because of
the assumption is that CT scan of the head can more or less reliably predict who will and who
will not experience brain herniation after lumbar puncture, are advised to have a CT scan
performed before LP [15]:

• Altered mental status

• Focal neurologic signs

• Papilledema

• Focal seizure

• Risk for brain abscess (immunocompromise or congenital heart disease with a right-to-left
shunt)

It should be noted that a normal CT scan does not fully exclude the presence of elevated ICP or
the possibility that elevated ICP will not develop thereafter. It is also known from adult studies
that even those not undergoing LP because of a mass effect on head CTs may experience brain
herniation [16]. Thus, although imaging for this purpose has been questioned by some special-
ists of this field, we agree with the recommendation that LP can be considered within 6 hours
of a normal CT scan and no other contraindications [8, 17].

7. Preparation

Once the informed consent is obtained and imaging is performed if necessary, it is time for:

• providing oxygen saturation, respirations, and heart rate (HR) monitoring for critically-ill
children during the procedure;

• “rehearsing” the position that infants will assume and getting help from a health care
personnel who can hold the infant in sitting position if she/he is in respiratory distress
(since in this position LP may be tolerated better) [18];

• getting help from a radiologist for patients with spinal abnormalities, such as spina bifida
or severe scoliosis, to perform the procedure under ultrasonographic guidance [19]; and
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• identification of infants who may require sedation or topical transdermal anesthesia for
the procedure.

Materials needed for a smooth LP may be listed as follows [8]:

• Lidocaine 1% without epinephrine and topical anesthetic cream, such as liposomal lido-
caine or eutectic mixture of lidocaine 2.5% and prilocaine 2.5%

• Sterile 3 mL syringe with 25-gauge needle for lidocaine injection

• Four sterile collecting tubes

• Sterile gloves

• Sterile drapes

• Povidone-iodine solution

• Sterile sponges for preparing puncture site

• Manometer (typically used in patients older than two years of age)

• 22-gauge and 1.5 inches (3.75 cm) long styletted spinal needle [7]

• Resuscitation equipment

8. Anatomy

CSF circulates in the space between the pia mater and the arachnoid mater, called subarach-
noid space that surrounds the brain, spinal cord, ventricles, aqueductus cerebri (Sylvius), and
central canal of the spinal cord. After the formation of most of its volume in the choroid
plexuses of the lateral ventricles, CSF passes through the foramina of Luschka and Magendie
into the subarachnoid space, which is around the spinal column and over the cerebrum. The
CSF is primarily absorbed by the arachnoid villi found next to the sagittal sinus and then
drains into the venous circulation [7, 20, 21]. In full-term infants, the volume of total CSF is
about 40 mL, a quarter of which is in the ventricles, and the remainder in the subarachnoid
space. CSF serves as a cushion between bony structures and the brain, together with the spinal
cord. Since brain has no lymphatics, CSF also has an important role of carrying chemical
byproducts of metabolism out of the brain to the venous circulation [7].

In order to avoid an accidental nervous injury, LP should be performed distal to the spinal
cord, at the level of the cauda equina. In older children, LP can be performed from the L2-L3
interspace to the L5-S1 interspace, because these interspaces are below the termination of the
spinal cord [8]. At birth, the inferior end of the spinal cord is opposite to the body of the third
lumbar vertebra (L3); therefore, LP in children younger than 12 months must be performed
below the L2-L3 interspace. As the child’s spinal cord grows, the vertebral column grows more
rapidly. An imaginary line that connects the two posterior-superior iliac crests intersects the
spine at approximately the fourth lumbar vertebra. This landmark helps to locate the L3-L4
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and L4-L5 interspaces [8]. Anatomic structures pierced during median LP in order are skin,
subcutaneous fat, supraspinal ligament, interspinal ligament, ligamentum flavum, dura mater,
and arachnoid mater [7].

9. Procedure

9.1. Before the procedure

Most of the time, LP is a relatively simple procedure, although it can sometimes prove chal-
lenging even for the most experienced physician. The potential for complications during and
following LP makes it necessary that it be performed in an area with proper resuscitation
equipment. Although not technically complex, LP is not a procedure that may be taken lightly,
and it should only be performed by or under the supervision of a knowledgeable and experi-
enced health professional.

HR, respiratory action, and oxygen saturation should be monitored closely during the proce-
dure in neonates. Airway and resuscitation equipment should be immediately at hand. If the
indication for the LP is elective, or by any other reason LP is not going to be done urgently, 4%
lidocaine cream (effective after about 30 minutes) or eutectic mixture of lidocaine and
prilocaine (effective after about 45–60 minutes) may be applied over the puncture site to lessen
the pain [22, 23]. Due to the shorter time it takes for the onset of its effect, 4% lidocaine cream
may be the preferred agent for this purpose.

9.2. Positioning of the newborn

According to a popular saying in pediatric circles in Turkey, “the person who performs the LP
is the one who holds the infant.” This saying emphasizes the challenging task of achieving and
maintaining a proper patient position for the performer of LP. The patient is placed on the
examining table. The goals of positioning are to stabilize the infant, to stretch the ligamenta
flava and to increase the interlaminar spaces. The most common positions used for the pediat-
ric LP are the lateral recumbent and sitting positions (Figures 1 and 2). For the lateral recum-
bent position, the patient is laid on her/his side near the edge of the bed. For a right-handed
performer, the patient’s head should face left because of ergonomics of the right upper extrem-
ity of the performer. The patient’s neck is flexed and the knees are drawn up to the chest by the
assistant by placing one arm under the child’s knees and the other arm around the posterior
aspect of the neck. The assistant should ensure that the spinal column is in no rotation by
keeping the shoulders and hips perpendicular to the bed.

In the sitting position, the assistant holds the patient in the position with an arm and a leg in each
hand while supporting the head to prevent from dropping, that is, excess flexion of the neck.

Choosing among the lateral recumbent and sitting positions with the neck or hip flexed or
neutral, has not been standardized and is at the physician’s disposal, and most neonatologists
prefer placing the infant in lateral recumbent position [24]. The positions are important
because they may be superior over one another in avoiding a traumatic tap (peripheral blood
staining the CSF specimen) and to get sufficient amount of cerebrospinal fluid, which should
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Figure 1. Lateral recumbent position (by Ziver Öncel).

Figure 2. Sitting position (by Ziver Öncel).
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be feasible in a still infant with the widest interspinous space (the space between the spinous
processes of two adjacent vertebrae) possible. Change of position does not alter subarachnoid
space width, thus does not have a role in lumbar puncture success via this mechanism [25].
Safety, as well as the ease of the LP is a very important issue in the neonatal period especially
considering the vulnerability of infants hospitalized in neonatal intensive care units. In adults,
studies have uniformly showed that the maximal interspinal distance can be obtained with
maximal hip flexion [26, 27].

We have shown in our study, in which the infants enrolled were placed in two lateral recumbent
and two upright positions (lateral recumbent without flexing the hips, lateral recumbent with
maximal hip flexion, sitting without flexing the hips and sitting with maximal hip flexion), that
having the patient sit with maximal hip flexion provided the largest interspinous space for the
grand majority of the infants, and that the lateral recumbent position without flexing the hips
has resulted in the narrowest interspinous space. Although providing significantly larger
interspinous spaces, sitting positions with/without flexion have resulted in significant increases
in HR with respect to lateral recumbent position without flexion. Similarly, we observed statisti-
cally significant drops in oxygen saturations between lateral recumbent and sitting with flexion,
lateral recumbent with flexion and sitting without flexion, and lateral recumbent with flexion
and sitting with flexion positions. No adverse hypoxic events occurred during the procedure in
the entire study [28]. In adults, the position providing the significantly greatest interspinous
space was obtained with the so-called “sitting, feet supported position” in which the patient
touches her/his ankles while sitting [27]. This position resembles sitting with maximal hip flexion
position in newborns. In a survey, most (82%) pediatric emergency attending physicians were
found to opt for the lateral decubitus position [29]. Gleason et al. found that although PO2

decreased and the HR increased with each position for LP, the decrease was significantly greater
in the recumbent position with maximal hip flexion [30]. Cadigan et al. also found that recum-
bent with maximal hip flexion position provided wider interspinous spaces than did the recum-
bent without flexing the hips in healthy newborns in their well-child visits [24]. HR and oxygen
saturation differed significantly with positioning of the infants in our study; however, this did
not result in any apparent changes in clinical status. Although there were few infants weighing
less than 1500 g in our study population, our results have shown that sitting-flexed position was
a safe alternative to traditional-flexed recumbent position [28].

9.3. Landmarks

Once the patient is positioned, the most upper points of the posterior superior iliac crests are
palpated. The line imaginarily drawn between these two points intersects the midline just above
the fourth lumbar vertebra. The interspaces between L3-L4 and L4-L5 can then be located. Unlike
children outside infancy, for whom the L2-L3 interspace may also be used, L3-L4 or L4-L5
interspace should be used for LP of neonates due to anatomical positioning explained above [7].

9.4. Puncture

The puncture site should be cleansed with povidone-iodine solution, which can be removed
with alcohol. Sterile drapes with a hole in the center to allow for a fine exposure are placed on
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the procedure site. The projection of interspace on the skin may be marked by depressing a
fingernail on the skin so that the puncture site can be relocated.

If not previously anesthetized with one of the topical agents mentioned above, the skin and
subcutaneous tissues are infiltrated with 1% lidocaine. Local anesthesia for LP is encouraged in
neonates, because it has been shown to decrease the pain response to LPs without altering their
success rate [31].

Two approaches are possible for inserting the spinal needle: in the median approach, the
needle is inserted through the supraspinal ligament exactly in the midline. In the lateral
approach, the needle is inserted lateral to the ligament. Unlike older patients, supraspinal and
interspinal ligaments are rarely calcified in children, which renders a lateral approach unnec-
essary; therefore the median approach is most commonly used. With both approaches, the
needle may be held in one hand or with both hands. It is better if the bevel of the spinal needle
is positioned horizontally in the lateral recumbent position and vertically in the sitting posi-
tion, because in this way, the fibers of the dura mater, which run longitudinally down the
spinal cord, are pierced parallelly, the amount of CSF leakage is minimized, and likelihood of
post-LP headache is decreased [7]. The needle is then advanced cephalad toward the umbilicus
or slightly caudad according to the patient’s position of lateral recumbency or sitting, respec-
tively. In the study by Bruccoleri et al., the “ideal” angle for LP as determined by ultrasonog-
raphy was 50� in infants in both the lateral recumbent and sitting positions [32]. In the lateral
approach, the needle should be inserted lateral to the upper border of the spinous process of L3
or L4. It should then be directed slightly medial and slightly upward (cephalad) to avoid
contact with the supraspinal ligament.

It is normal that some resistance is felt during the advancement of the needle. When the
ligamentum flavum is penetrated, this resistance may be lost a bit, especially in older children.
There is a second resistance change when the dura is pierced. This second loss of resistance is
often referred to as a “pop,” which may not be evident in infants. Inserting the needle too far
may result in a traumatic LP. The most effective way to avoid this problem is by inserting the
needle slowly and methodically, in increments of a few millimeters at a time, and frequently
checking for return of CSF. For infants under 3 months of age, the appropriate distance of
insertion is approximately 1.0–1.5 cm [33]. Various studies have been carried out to determine
the proper depth of needle insertion for LP. Of these studies, numerous different formulae
have been developed. Taking the studies of Craig et al., Shenkman et al., Arthurs et al., and
Oulego-Erroz et al., whose formulae are applicable to neonates, as examples, the ideal dis-
tances of insertion were found to be

• [0.03 � height (cm)] cm,

• [13.19 + 0.0026 � weight (g) � 0.12 � post-conceptual age in weeks] mm,

• [2 � weight (kg) + 7] mm, and

• [2.5 � weight (kg) + 6] mm, respectively [34–37].

The spinal needle should be supported with fingers during fluid collection in order to prevent
dural tugging, a potential source of local pain and post-LP CSF leakage.
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be feasible in a still infant with the widest interspinous space (the space between the spinous
processes of two adjacent vertebrae) possible. Change of position does not alter subarachnoid
space width, thus does not have a role in lumbar puncture success via this mechanism [25].
Safety, as well as the ease of the LP is a very important issue in the neonatal period especially
considering the vulnerability of infants hospitalized in neonatal intensive care units. In adults,
studies have uniformly showed that the maximal interspinal distance can be obtained with
maximal hip flexion [26, 27].

We have shown in our study, in which the infants enrolled were placed in two lateral recumbent
and two upright positions (lateral recumbent without flexing the hips, lateral recumbent with
maximal hip flexion, sitting without flexing the hips and sitting with maximal hip flexion), that
having the patient sit with maximal hip flexion provided the largest interspinous space for the
grand majority of the infants, and that the lateral recumbent position without flexing the hips
has resulted in the narrowest interspinous space. Although providing significantly larger
interspinous spaces, sitting positions with/without flexion have resulted in significant increases
in HR with respect to lateral recumbent position without flexion. Similarly, we observed statisti-
cally significant drops in oxygen saturations between lateral recumbent and sitting with flexion,
lateral recumbent with flexion and sitting without flexion, and lateral recumbent with flexion
and sitting with flexion positions. No adverse hypoxic events occurred during the procedure in
the entire study [28]. In adults, the position providing the significantly greatest interspinous
space was obtained with the so-called “sitting, feet supported position” in which the patient
touches her/his ankles while sitting [27]. This position resembles sitting with maximal hip flexion
position in newborns. In a survey, most (82%) pediatric emergency attending physicians were
found to opt for the lateral decubitus position [29]. Gleason et al. found that although PO2

decreased and the HR increased with each position for LP, the decrease was significantly greater
in the recumbent position with maximal hip flexion [30]. Cadigan et al. also found that recum-
bent with maximal hip flexion position provided wider interspinous spaces than did the recum-
bent without flexing the hips in healthy newborns in their well-child visits [24]. HR and oxygen
saturation differed significantly with positioning of the infants in our study; however, this did
not result in any apparent changes in clinical status. Although there were few infants weighing
less than 1500 g in our study population, our results have shown that sitting-flexed position was
a safe alternative to traditional-flexed recumbent position [28].

9.3. Landmarks

Once the patient is positioned, the most upper points of the posterior superior iliac crests are
palpated. The line imaginarily drawn between these two points intersects the midline just above
the fourth lumbar vertebra. The interspaces between L3-L4 and L4-L5 can then be located. Unlike
children outside infancy, for whom the L2-L3 interspace may also be used, L3-L4 or L4-L5
interspace should be used for LP of neonates due to anatomical positioning explained above [7].

9.4. Puncture

The puncture site should be cleansed with povidone-iodine solution, which can be removed
with alcohol. Sterile drapes with a hole in the center to allow for a fine exposure are placed on
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the procedure site. The projection of interspace on the skin may be marked by depressing a
fingernail on the skin so that the puncture site can be relocated.

If not previously anesthetized with one of the topical agents mentioned above, the skin and
subcutaneous tissues are infiltrated with 1% lidocaine. Local anesthesia for LP is encouraged in
neonates, because it has been shown to decrease the pain response to LPs without altering their
success rate [31].

Two approaches are possible for inserting the spinal needle: in the median approach, the
needle is inserted through the supraspinal ligament exactly in the midline. In the lateral
approach, the needle is inserted lateral to the ligament. Unlike older patients, supraspinal and
interspinal ligaments are rarely calcified in children, which renders a lateral approach unnec-
essary; therefore the median approach is most commonly used. With both approaches, the
needle may be held in one hand or with both hands. It is better if the bevel of the spinal needle
is positioned horizontally in the lateral recumbent position and vertically in the sitting posi-
tion, because in this way, the fibers of the dura mater, which run longitudinally down the
spinal cord, are pierced parallelly, the amount of CSF leakage is minimized, and likelihood of
post-LP headache is decreased [7]. The needle is then advanced cephalad toward the umbilicus
or slightly caudad according to the patient’s position of lateral recumbency or sitting, respec-
tively. In the study by Bruccoleri et al., the “ideal” angle for LP as determined by ultrasonog-
raphy was 50� in infants in both the lateral recumbent and sitting positions [32]. In the lateral
approach, the needle should be inserted lateral to the upper border of the spinous process of L3
or L4. It should then be directed slightly medial and slightly upward (cephalad) to avoid
contact with the supraspinal ligament.

It is normal that some resistance is felt during the advancement of the needle. When the
ligamentum flavum is penetrated, this resistance may be lost a bit, especially in older children.
There is a second resistance change when the dura is pierced. This second loss of resistance is
often referred to as a “pop,” which may not be evident in infants. Inserting the needle too far
may result in a traumatic LP. The most effective way to avoid this problem is by inserting the
needle slowly and methodically, in increments of a few millimeters at a time, and frequently
checking for return of CSF. For infants under 3 months of age, the appropriate distance of
insertion is approximately 1.0–1.5 cm [33]. Various studies have been carried out to determine
the proper depth of needle insertion for LP. Of these studies, numerous different formulae
have been developed. Taking the studies of Craig et al., Shenkman et al., Arthurs et al., and
Oulego-Erroz et al., whose formulae are applicable to neonates, as examples, the ideal dis-
tances of insertion were found to be

• [0.03 � height (cm)] cm,

• [13.19 + 0.0026 � weight (g) � 0.12 � post-conceptual age in weeks] mm,

• [2 � weight (kg) + 7] mm, and

• [2.5 � weight (kg) + 6] mm, respectively [34–37].

The spinal needle should be supported with fingers during fluid collection in order to prevent
dural tugging, a potential source of local pain and post-LP CSF leakage.
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If no CSF is coming after the needle has been inserted into an appropriate depth, rotating the
needle 90� may be of help. If this is not effective, the stylet is replaced and the needle is
advanced slightly. In some cases, withdrawing the needle incrementally will result in CSF flow
when the procedure is initially unsuccessful. If spinal fluid is not obtained despite such
maneuvers, the procedure should be attempted again by removing the spinal needle with the
stylet in place till it arrives just under the skin and redirecting it. The needle can also be
withdrawn entirely and a new needle used at a different insertion site. CSF may come very
slowly in dehydrated infants when LP is performed using the lateral recumbent position.
Getting the patient to a sitting position may increase flow in this situation.

If bony resistance is felt when the needle is not yet advanced into deep tissues, then puncture
over the spinous process is likely, and the needle should be withdrawn till it is just below the
skin and redirected through the interspace. If bony resistance is felt when it went deeper, then
the likely cause is inadequate spinal flexion. Directing the needle more cephalad and improv-
ing the position usually overcomes this problem [7].

9.5. Traumatic LP

Traumatic or unsuccessful LP a neonates is a probability in 30–50% of the time [38]. A trau-
matic LP may stem from improper technique. Causes include inserting the needle too far into
an epidural venous plexus or through the subarachnoid space into or adjacent to the vertebral
body. Nigrovic et al. found that lack of local anesthetic use and advancement of the spinal
needle with the stylet in place were most prominent risk factors for a traumatic LP [39]. In the
study of Glatstein et al., its incidence was independent of physician experience, sedation use or
time of procedure [40]. It is also surprising for the author of these lines that the presence of a
family member was not found to be associated with an increased risk of traumatic or
unobtainable lumbar puncture, nor was it associated with more attempts at the procedure [41].
If blood is seen during fluid collection but the spinal needle is in proper position, the CSF often
clears and the specimen does not clot. If the bloody CSF does not clear and clots form when it is
collected in the test tube, then the needle should be removed and LP attempted at a different
interspace with a new needle [7]. Ultrasound may minimize the number of LP attempts and
decrease patient and parent anxiety by easily identifying an insertion site. It may also be useful
to determine the reason for failure and the likelihood of success on continued attempts [19].

9.6. Measurements and tests

Measurement of CSF opening pressure is recommended during any LP when possible. The
infant’s struggling may be an obstacle for accurate measurement of opening pressure. The
measurement is most reliable in a calm patient in the lateral recumbent position. As soon as the
flow of CSF stabilizes and show pressure pulses with respiration, heartbeat, and jugular
occlusion, the pressure manometer is immediately attached to the needle hub via a three-way
stopcock. The pressure is measured at the highest level CSF reaches. Normal CSF pressure is
5–20 cm H2O in a child with neck and legs extended and 10–28 cm H2O with neck and legs
flexed [7]. However, since an adult study reached totally opposite results, it is also possible
that CSF pressure does not meaningfully decrease when the lower extremities are brought to
extension from flexion in newborns. Kaiser et al. found the normal range of 0–7.6 cm H2O for
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newborns [42]. Of note, an estimation on CSF pressure can be made by counting the drops of
CSF in a certain time. For 22-gauge, 1.5-inch needles recommended for use in the newborn
period of life, the counting periods for which the number of drops counted equals the CSF
pressure (in cm H2O) are 21 and 20 seconds for body temperatures of <40 and ≥40�C, respec-
tively [43].

The CSF is collected in test tubes. Approximately, 1 mL per tube is required for routine studies.
The first tube specimen should be sent for Gram stain and bacterial culture, the second for
quantitative glucose and protein, and the third for cell count and differential. Additional tubes
may be used for viral culture, fungal culture, bacterial antigens, cell pathology, or special
chemistries, if needed. After CSF collection, closing pressure may be measured as previously
described. The spinal needle is removed with the stylet in place. The puncture area should be
cleansed and a sterile dressing applied. It is important to remember removing the dressing
after a reasonable time so that it does not become a source of infection.

10. Complications

LP is frequently associated with the minor complications of localized back pain without
neurologic abnormalities, transient paresthesia during the procedure, and post-LP headache,
all of which a newborn may fail to express in some way.

Permanent peripheral nerve damage is rare, because the spinal needle does not pierce the
nerve, instead, it may move or stretch it [7].

Major complications after LP include LP-induced meningitis, epidural or subdural hematoma,
acquired epidermoid tumor, damage to adjacent structures (disk herniation, retroperitoneal
abscess, spinal cord hematoma), and cerebral herniation. Fortunately, these complications are
quite rare. As previously mentioned, in the young infant, the lateral recumbent position for LP
can cause respiratory obstruction, hypoxemia, and cardiovascular instability.

• Infection: LP through an area of cellulitis predictably causes meningitis. For this reason,
cellulitis overlying the LP site constitutes an absolute contraindication to this procedure.
An association has also been detected between performing LP in children with bacteremia
and the occurrence of meningitis [44]; but in a subsequent analysis, this association was
not confirmed [45]. In the absence of soft tissue infection at the puncture site, the risk of
causing meningitis, epidural abscess, or osteomyelitis is rare enough to be clinically
insignificant [46].

• Spinal hematoma: Subdural or epidural hematoma following LP has been reported with
all forms of bleeding diathesis. Signs and symptoms of spinal cord compression, which
develops hours to days after the procedure, include sensory deficits, paralysis, and incon-
tinence. In most cases, LP is difficult and yields bloody fluid. In these patients, platelet
counts are low or falling, and platelet transfusion has not been provided before LP [7, 47].

• Epidermoid tumor: Acquired epidermal spinal cord tumors can arise 1.5–23 years after LP
due to implantation of epidermal material into the spinal canal during LP. The tumor
manifests itself as gait disturbance, pain, and neurologic dysfunction. Experimental and
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If no CSF is coming after the needle has been inserted into an appropriate depth, rotating the
needle 90� may be of help. If this is not effective, the stylet is replaced and the needle is
advanced slightly. In some cases, withdrawing the needle incrementally will result in CSF flow
when the procedure is initially unsuccessful. If spinal fluid is not obtained despite such
maneuvers, the procedure should be attempted again by removing the spinal needle with the
stylet in place till it arrives just under the skin and redirecting it. The needle can also be
withdrawn entirely and a new needle used at a different insertion site. CSF may come very
slowly in dehydrated infants when LP is performed using the lateral recumbent position.
Getting the patient to a sitting position may increase flow in this situation.

If bony resistance is felt when the needle is not yet advanced into deep tissues, then puncture
over the spinous process is likely, and the needle should be withdrawn till it is just below the
skin and redirected through the interspace. If bony resistance is felt when it went deeper, then
the likely cause is inadequate spinal flexion. Directing the needle more cephalad and improv-
ing the position usually overcomes this problem [7].

9.5. Traumatic LP

Traumatic or unsuccessful LP a neonates is a probability in 30–50% of the time [38]. A trau-
matic LP may stem from improper technique. Causes include inserting the needle too far into
an epidural venous plexus or through the subarachnoid space into or adjacent to the vertebral
body. Nigrovic et al. found that lack of local anesthetic use and advancement of the spinal
needle with the stylet in place were most prominent risk factors for a traumatic LP [39]. In the
study of Glatstein et al., its incidence was independent of physician experience, sedation use or
time of procedure [40]. It is also surprising for the author of these lines that the presence of a
family member was not found to be associated with an increased risk of traumatic or
unobtainable lumbar puncture, nor was it associated with more attempts at the procedure [41].
If blood is seen during fluid collection but the spinal needle is in proper position, the CSF often
clears and the specimen does not clot. If the bloody CSF does not clear and clots form when it is
collected in the test tube, then the needle should be removed and LP attempted at a different
interspace with a new needle [7]. Ultrasound may minimize the number of LP attempts and
decrease patient and parent anxiety by easily identifying an insertion site. It may also be useful
to determine the reason for failure and the likelihood of success on continued attempts [19].

9.6. Measurements and tests

Measurement of CSF opening pressure is recommended during any LP when possible. The
infant’s struggling may be an obstacle for accurate measurement of opening pressure. The
measurement is most reliable in a calm patient in the lateral recumbent position. As soon as the
flow of CSF stabilizes and show pressure pulses with respiration, heartbeat, and jugular
occlusion, the pressure manometer is immediately attached to the needle hub via a three-way
stopcock. The pressure is measured at the highest level CSF reaches. Normal CSF pressure is
5–20 cm H2O in a child with neck and legs extended and 10–28 cm H2O with neck and legs
flexed [7]. However, since an adult study reached totally opposite results, it is also possible
that CSF pressure does not meaningfully decrease when the lower extremities are brought to
extension from flexion in newborns. Kaiser et al. found the normal range of 0–7.6 cm H2O for
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newborns [42]. Of note, an estimation on CSF pressure can be made by counting the drops of
CSF in a certain time. For 22-gauge, 1.5-inch needles recommended for use in the newborn
period of life, the counting periods for which the number of drops counted equals the CSF
pressure (in cm H2O) are 21 and 20 seconds for body temperatures of <40 and ≥40�C, respec-
tively [43].

The CSF is collected in test tubes. Approximately, 1 mL per tube is required for routine studies.
The first tube specimen should be sent for Gram stain and bacterial culture, the second for
quantitative glucose and protein, and the third for cell count and differential. Additional tubes
may be used for viral culture, fungal culture, bacterial antigens, cell pathology, or special
chemistries, if needed. After CSF collection, closing pressure may be measured as previously
described. The spinal needle is removed with the stylet in place. The puncture area should be
cleansed and a sterile dressing applied. It is important to remember removing the dressing
after a reasonable time so that it does not become a source of infection.

10. Complications

LP is frequently associated with the minor complications of localized back pain without
neurologic abnormalities, transient paresthesia during the procedure, and post-LP headache,
all of which a newborn may fail to express in some way.

Permanent peripheral nerve damage is rare, because the spinal needle does not pierce the
nerve, instead, it may move or stretch it [7].

Major complications after LP include LP-induced meningitis, epidural or subdural hematoma,
acquired epidermoid tumor, damage to adjacent structures (disk herniation, retroperitoneal
abscess, spinal cord hematoma), and cerebral herniation. Fortunately, these complications are
quite rare. As previously mentioned, in the young infant, the lateral recumbent position for LP
can cause respiratory obstruction, hypoxemia, and cardiovascular instability.

• Infection: LP through an area of cellulitis predictably causes meningitis. For this reason,
cellulitis overlying the LP site constitutes an absolute contraindication to this procedure.
An association has also been detected between performing LP in children with bacteremia
and the occurrence of meningitis [44]; but in a subsequent analysis, this association was
not confirmed [45]. In the absence of soft tissue infection at the puncture site, the risk of
causing meningitis, epidural abscess, or osteomyelitis is rare enough to be clinically
insignificant [46].

• Spinal hematoma: Subdural or epidural hematoma following LP has been reported with
all forms of bleeding diathesis. Signs and symptoms of spinal cord compression, which
develops hours to days after the procedure, include sensory deficits, paralysis, and incon-
tinence. In most cases, LP is difficult and yields bloody fluid. In these patients, platelet
counts are low or falling, and platelet transfusion has not been provided before LP [7, 47].

• Epidermoid tumor: Acquired epidermal spinal cord tumors can arise 1.5–23 years after LP
due to implantation of epidermal material into the spinal canal during LP. The tumor
manifests itself as gait disturbance, pain, and neurologic dysfunction. Experimental and
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clinical evidence strongly suggests that these tumors can be avoided if a spinal needle with a
tight fitting stylet is used [7, 48].

• Cerebral herniation: This is the most feared complication of LP which may lead to sudden
death. Patients with an intracranial space occupying lesions, such as abscess, hematoma,
and tumor are at greatest risk. Elevated intracranial pressure manifested as focal neurologic
signs seems to cause herniation much more (40%) than does elevated intracranial pressure
presenting with either papilledema or abnormal manometric findings alone (5 and 1.2%,
respectively) [7, 49, 50]. Risk of herniation in a newborn with an open fontanel and no focal
neurologic findings is much lower. In most patients, assessment of the safety of performing
LP can be made based on clinical basis. Patients who have a history of focal neurologic
symptoms (e.g., focal seizures, unilateral motor paralysis), focal neurologic findings on
physical examination, signs of impending herniation (posturing, Glasgow Coma Score less
than 8, bilateral dilated pupils, respiratory abnormalities, abnormal tone, absent Doll eye
reflex), or papilledema should not undergo LP until imaging establishes that the procedure
can be safely performed [7] If meningitis or other CNS infections cannot be ruled out, the
patient should receive appropriate antibiotic therapy prior to the imaging study.

11. Interpretation of CSF findings

Lumbar puncture is an indispensable diagnostic tool in neonatal meningitis. Direct microscopy
should be performed as soon as possible, because if performed later, the erythrocytes and
leukocytes likely undergo cellular lysis and escape detection. Gram- and Giemsa-stained smears
of CSF should also be examined. CSF should be cultured, and if needed, sent for polymerase
chain reaction. LP should ideally precede the initiation of antimicrobial therapy, but if delayed
for any reason, empirical antibiotic therapy should be started immediately.

Interpretation of CSF findings is challenging in neonates, because glucose, and protein concen-
trations, and cell count are higher due to the high permeability of the blood-brain barrier [51]
(Table 1).

Many experts accept 20–30/μL as the cutoff value for pleocytosis. Low CSF glucose, elevated
CSF protein, and pleocytosis may indicate either bacterial or viral (especially herpes simplex
virus) meningitis. One of these parameters being in the normal range cannot be accepted as

Age Erythrocytes (μL/L) Leukocytes (μL/L) Protein (mg/dL) Glucose (mg/dL)

Preterm— < 7 d 30 (0–333) 9 (0–30) 100 (50–290) (mostly <200) 54 (27–99)

Preterm— > 7 d 30 12 (2–70) 90 (50–260) (mostly <150) 54 (27–99)

Term— < 7 d 9 (0–50) 5 (0–21) 60 (30–250) 54 (27–99)

Term— > 7 d <10 3 (0–10) 50 (20–80) 54 (27–99)

d: day(s).

Table 1. Means and normal ranges of cerebrospinal parameters in neonates [51].
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evidence against the presence of meningitis. In order to exclude meningitis, all three parameters
should be normal; nevertheless, CSF findings may be completely normal in the very early
course of neonatal meningitis. The most prudent approach would be to repeat LP after 24–
72 hours in such boderline cases: if the infant had meningitis, pleocytosis and other abnormal-
ities consistent with meningitis would be detected in CSF obtained in this second LP [52].
Ample number of erythrocytes in CSF may be interpreted as a clue to herpes simplex virus
meningitis if the physician is sure that the LP was not traumatic. Pleocytosis is more marked in
bacterial and Gram-negative meningitides than in viral and Gram-positive meningitides [6].

CSF protein concentrations higher than 100 mg/dL in term infants and 150 mg/dL in preterm
neonates is consistent with bacterial meningitis and parameningeal infections, such as brain
abscess, congenital infections, and intracranial hemorrhage [52]. Nigrovic et al. and Hines et al.
found that CSF protein concentrations increased by approximately 1.1 and 2 mg/dL, respec-
tively, for every 1000 CSF red blood cells [53, 54].

Glucose concentrations below 30 mg/dL in term newborns and 20 mg/dL in preterm infants
are consistent with bacterial meningitis. Unlike in older children, CSF glucose to serum glucose
ratio is not a reliable indicator of meningitis in the first 28 days of life, because newborns often
receive intravenous glucose infusions and serum glucose concentrations can rise abruptly with
stress [52]. In case of a bloody tap, assessing the CSF leucocyte count by correcting it with
respect to that of the peripheral blood is not recommended in that it decreases the sensitivity
and provides only a slight increase in specificity. When LP is traumatic, the wisest approach is
to assume the patient is having meningitis and start empirical therapy [55]. Although no
statistically significant difference in LP success rate was found between the lateral and sitting
positions in infants in a randomized controlled trial, we, in order to lessen the chances of
dealing with a difficult LP, favor sitting position with the legs flexed for it provides the widest
interspinous spaces and is sufficiently safe [18, 28, 56].

12. Conclusion

Lumbar puncture of the newborn is not a smaller equivalent of the procedure performed in
adults, even older children, as evidenced by its specific challenges of success and interpretation.
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clinical evidence strongly suggests that these tumors can be avoided if a spinal needle with a
tight fitting stylet is used [7, 48].

• Cerebral herniation: This is the most feared complication of LP which may lead to sudden
death. Patients with an intracranial space occupying lesions, such as abscess, hematoma,
and tumor are at greatest risk. Elevated intracranial pressure manifested as focal neurologic
signs seems to cause herniation much more (40%) than does elevated intracranial pressure
presenting with either papilledema or abnormal manometric findings alone (5 and 1.2%,
respectively) [7, 49, 50]. Risk of herniation in a newborn with an open fontanel and no focal
neurologic findings is much lower. In most patients, assessment of the safety of performing
LP can be made based on clinical basis. Patients who have a history of focal neurologic
symptoms (e.g., focal seizures, unilateral motor paralysis), focal neurologic findings on
physical examination, signs of impending herniation (posturing, Glasgow Coma Score less
than 8, bilateral dilated pupils, respiratory abnormalities, abnormal tone, absent Doll eye
reflex), or papilledema should not undergo LP until imaging establishes that the procedure
can be safely performed [7] If meningitis or other CNS infections cannot be ruled out, the
patient should receive appropriate antibiotic therapy prior to the imaging study.

11. Interpretation of CSF findings

Lumbar puncture is an indispensable diagnostic tool in neonatal meningitis. Direct microscopy
should be performed as soon as possible, because if performed later, the erythrocytes and
leukocytes likely undergo cellular lysis and escape detection. Gram- and Giemsa-stained smears
of CSF should also be examined. CSF should be cultured, and if needed, sent for polymerase
chain reaction. LP should ideally precede the initiation of antimicrobial therapy, but if delayed
for any reason, empirical antibiotic therapy should be started immediately.

Interpretation of CSF findings is challenging in neonates, because glucose, and protein concen-
trations, and cell count are higher due to the high permeability of the blood-brain barrier [51]
(Table 1).

Many experts accept 20–30/μL as the cutoff value for pleocytosis. Low CSF glucose, elevated
CSF protein, and pleocytosis may indicate either bacterial or viral (especially herpes simplex
virus) meningitis. One of these parameters being in the normal range cannot be accepted as

Age Erythrocytes (μL/L) Leukocytes (μL/L) Protein (mg/dL) Glucose (mg/dL)

Preterm— < 7 d 30 (0–333) 9 (0–30) 100 (50–290) (mostly <200) 54 (27–99)

Preterm— > 7 d 30 12 (2–70) 90 (50–260) (mostly <150) 54 (27–99)

Term— < 7 d 9 (0–50) 5 (0–21) 60 (30–250) 54 (27–99)

Term— > 7 d <10 3 (0–10) 50 (20–80) 54 (27–99)

d: day(s).

Table 1. Means and normal ranges of cerebrospinal parameters in neonates [51].
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evidence against the presence of meningitis. In order to exclude meningitis, all three parameters
should be normal; nevertheless, CSF findings may be completely normal in the very early
course of neonatal meningitis. The most prudent approach would be to repeat LP after 24–
72 hours in such boderline cases: if the infant had meningitis, pleocytosis and other abnormal-
ities consistent with meningitis would be detected in CSF obtained in this second LP [52].
Ample number of erythrocytes in CSF may be interpreted as a clue to herpes simplex virus
meningitis if the physician is sure that the LP was not traumatic. Pleocytosis is more marked in
bacterial and Gram-negative meningitides than in viral and Gram-positive meningitides [6].

CSF protein concentrations higher than 100 mg/dL in term infants and 150 mg/dL in preterm
neonates is consistent with bacterial meningitis and parameningeal infections, such as brain
abscess, congenital infections, and intracranial hemorrhage [52]. Nigrovic et al. and Hines et al.
found that CSF protein concentrations increased by approximately 1.1 and 2 mg/dL, respec-
tively, for every 1000 CSF red blood cells [53, 54].

Glucose concentrations below 30 mg/dL in term newborns and 20 mg/dL in preterm infants
are consistent with bacterial meningitis. Unlike in older children, CSF glucose to serum glucose
ratio is not a reliable indicator of meningitis in the first 28 days of life, because newborns often
receive intravenous glucose infusions and serum glucose concentrations can rise abruptly with
stress [52]. In case of a bloody tap, assessing the CSF leucocyte count by correcting it with
respect to that of the peripheral blood is not recommended in that it decreases the sensitivity
and provides only a slight increase in specificity. When LP is traumatic, the wisest approach is
to assume the patient is having meningitis and start empirical therapy [55]. Although no
statistically significant difference in LP success rate was found between the lateral and sitting
positions in infants in a randomized controlled trial, we, in order to lessen the chances of
dealing with a difficult LP, favor sitting position with the legs flexed for it provides the widest
interspinous spaces and is sufficiently safe [18, 28, 56].

12. Conclusion

Lumbar puncture of the newborn is not a smaller equivalent of the procedure performed in
adults, even older children, as evidenced by its specific challenges of success and interpretation.
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Abstract

Although percutaneous cholecystostomy historically is an alternative to cholecystec-
tomy, it is typically performed as a bridge to gallbladder removal. As a low mortality 
procedure, it proves itself a valuable tool in morbid patients such as the elderly and the 
critically ill who present with acute cholecystitis and as an alternate route for biliary 
access. In high-risk patients, PC can be performed at the patient’s bedside in patients 
who are too unstable to be transported outside the ICU. PC is performed using ultra-
sound, CT, or fluoroscopic guidance; however, bedside PC can only be performed using 
ultrasound. Ultrasound is readily available and portable and allows for real-time imag-
ing. A 2010 study performed by Donkol et al. demonstrated success rates for CT (93%), 
US (46%), and fluoroscopy (62%). Though US had the lowest success rate, it remains 
the only option for those critically ill who cannot tolerate transportation or an imme-
diate cholecystectomy. Contraindications of PC include hemorrhage, pericholecystic 
abscess, gallbladder tumor, etc. Complications include bile leak, hemorrhage, sepsis, 
bowel perforation, etc. The gallbladder is a small organ with much pathology. Having 
the knowledge and skill to adequately perform this procedure is essential, especially in 
patients with septic shock in need of source control.

Keywords: cholecystostomy, percutaneous, cholecystitis, biliary, gallbladder

1. Introduction
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Abstract

Although percutaneous cholecystostomy historically is an alternative to cholecystec-
tomy, it is typically performed as a bridge to gallbladder removal. As a low mortality 
procedure, it proves itself a valuable tool in morbid patients such as the elderly and the 
critically ill who present with acute cholecystitis and as an alternate route for biliary 
access. In high-risk patients, PC can be performed at the patient’s bedside in patients 
who are too unstable to be transported outside the ICU. PC is performed using ultra-
sound, CT, or fluoroscopic guidance; however, bedside PC can only be performed using 
ultrasound. Ultrasound is readily available and portable and allows for real-time imag-
ing. A 2010 study performed by Donkol et al. demonstrated success rates for CT (93%), 
US (46%), and fluoroscopy (62%). Though US had the lowest success rate, it remains 
the only option for those critically ill who cannot tolerate transportation or an imme-
diate cholecystectomy. Contraindications of PC include hemorrhage, pericholecystic 
abscess, gallbladder tumor, etc. Complications include bile leak, hemorrhage, sepsis, 
bowel perforation, etc. The gallbladder is a small organ with much pathology. Having 
the knowledge and skill to adequately perform this procedure is essential, especially in 
patients with septic shock in need of source control.
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stability. In patients who are not operative candidates, percutaneous cholecystostomy (PC) 
is an alternative approach.

Percutaneous cholecystostomy is a minimally invasive, image-guided intervention. The goal 
of PC is to quickly decompress the gallbladder to prevent gallbladder rupture and resultant 
peritonitis, as well as to provide infection source control. When combined with antibiotics, 
this is an effective way to give the body time to lessen the inflammatory response in prepara-
tion for surgery. In patients with acalculous cholecystitis, PC can obviate the need for sur-
gery [1, 2]. Furthermore, it makes possible the ability to perform diagnostic cholangiography 
and access for intervention to eliminate common bile duct stones [4]. Options for image 
guidance include ultrasound, computed tomography, and fluoroscopy. When performed 
at the bedside, this procedure is done with ultrasound guidance and has the advantage of 
avoiding the need to transfer patients to the operating room or Interventional Radiology 
suite [1, 2, 6].

2. History

The first open cholecystostomy was performed in 1684 followed by the first open chole-
cystectomy in 1878 [5]. A diagnostic test in 1921 placed dye in the gallbladder by way of 
a cholecystostomy tube. Percutaneous cholecystostomy was first described by Radder as 
an alternative to immediate open or laparoscopic cholecystectomy on the basis that initial 
drainage of the gallbladder will result in decompression of the biliary system and subse-
quent resolution of gallbladder inflammation [4]. He then performed the first percutaneous 
cholecystostomy (PC) using ultrasound guidance in 1979 for empyema of the gallbladder 
[6]. Other imaging modalities including CT and fluoroscopic guidance were used starting 
in 1985 [17].

3. Indications

Acute cholecystitis is a clinical diagnosis based on history, physical exam, laboratory values 
and imaging. The most common cause of acute cholecystitis is cystic duct obstruction from 
biliary stones (calculous cholecystitis) [3]. Once the diagnosis of acute calculous cholecystitis 
is made, a surgical evaluation is warranted. The majority of patient will go on to surgical 
resection of the gallbladder. For patients with acute cholecystitis who are not surgical candi-
dates, percutaneous cholecystostomy is indicated. The majority of PC’s placed are done in the 
IR suite or Radiology procedure room with CT or US and Fluoroscopy image guidance [7]. 
Bedside cholecystostomy is indicated in patients who are too unstable to travel to IR suite for 
tube placement [7, 19].

There are no absolute contraindications to emergent PC placement if the procedure is life-
saving. Relative contraindications include uncorrectable coagulopathy. In some cases it may 
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not be possible to access the gallbladder percutaneously due to intervening bowel or because 
of gallbladder rupture and decompression.

In addition to calculous cholecystitis, percutaneous cholecystostomy is also indicated for 
acalculous cholecystitis, seen often in patients in intensive care, and pregnant women 
where medical treatment alone is unsuccessful [7]. Acute acalculous cholecystitis is associ-
ated with a high morbidity and mortality and is thought to be a manifestation of systemic 
disease rather than a process confined to the gallbladder alone [8]. Because it can be dif-
ficult to recognize clinical signs of acute acalculous cholecystitis and intensive care patients 
are often on antibiotics and pain medication as well as parenteral nutrition (increasing their 
risk), percutaneous cholecystostomy can be used as diagnostic and therapeutic procedure 
in patients with unexplained sepsis [9]. For some, PC may be a definitive treatment for 
acalculous cholecystitis [1, 10].

In elderly patients with multiple comorbidities or poor general condition, percutaneous cho-
lecystostomy can be performed safely and after removal a cholecystectomy can be performed 
with acceptable conversion rate [10].

In pregnant patients, acute cholecystitis is seen with lower frequency, 0.1%. The traditional 
management during pregnancy is conservative treatment; however, this may lead to pro-
longed treatment and more complications. Laparoscopic cholecystectomy is also available, 
though risks with anesthesia and surgery still provide significant drawbacks. For those 
patients with failure to respond to conservative management, percutaneous cholecystostomy 
is used as a temporizing measure, until the patient is able to have abdominal surgery post 
partum [10].

4. Pre-procedural evaluation

Prior to the procedure, confirm diagnosis by obtaining history and performing physical exam. 
All imaging available should be reviewed to confirm indication for the procedure. Cross sec-
tional imaging should be obtained prior to bedside placement, except in emergent cases, to 
assess gallbladder anatomy and plan safe route to the gallbladder. Review all prior procedure 
notes if available.

Blood count, liver panel and coagulation profile need to be obtained and reviewed. Usually, 
septic patients are on broad-spectrum antibiotics. If not, broad-spectrum IV antibiot-
ics should be given 1–4 h prior to the procedure. Some examples of acceptable antibiotics 
include levofloxacin 1 g, Unasyn (ampicillin plus sulbactam) 3 g IV, and ertapenum 1 g IV 
[11]. Analgesia and sedation should be arranged according to patient comfort and institution 
protocols [11].

Obtain informed consent outline the risk and benefits of the procedure. A “time out” should 
be performed to ensure the correct patient, procedure, and location [11].
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5. Techniques

Percutaneous cholecystostomy may be performed using ultrasound, CT, or fluoroscopic guid-
ance. Fluoroscopy and computed tomography generally have limited availability, increased 
expense, exposure to radiation, and perhaps the limiting factor, the need to transfer critically 
ill patients to the radiology suite. A 2010 study performed by Donkol et al. demonstrated 
success rates for CT (93%), US (46%), and fluoroscopy (62%). Though US had the lowest suc-
cess rate, it remains the only option for those critically ill who cannot tolerate transportation 
outside the intensive care unit or an immediate cholecystectomy. Also, at most experienced 
centers that rate of procedural success with ultrasound guidance is far higher than 46%.

The patient is positioned supine with arm abducted to an arm board. Using a convex probe at 
frequency range 2.5–6 MHz, the gallbladder is evaluated for the best approach. Confirm liver 
anatomy is as expected [1, 2, 11].

In the transhepatic approach, the catheter is to pass via the bare area of the liver in order 
to access the gallbladder. This may be done subcostally, thought the intercostal approach is 
preferred to minimize tube dislodgement and kinking. When using an intercostal approach, 
care must be taken to avoid puncturing the diaphragm, pleura or the intercostal neurovascu-
lar bundle as it passes inferior to the rib. The transhepatic approach decreases the risk of bile 
leaks and colon injury, which are more common in the transperitoneal approach [1, 2, 12, 19]. 
Higher rates of bleeding are associated with the transhepatic approach [13].

The transperitoneal approach is a direct puncture of the gallbladder, often used in patients 
who have coagulopathies, which preclude the transhepatic approach. The gallbladder must 
be distended and in close proximity to the abdominal wall [1, 2, 12, 19]. In the author’s opin-
ion, the transhepatic, intercostal approach is the safest and preferred method.

Once a trajectory has been planned, the patient is then sterilely prepped and draped in a supine 
position with right arm abducted [11]. The entry site is anesthetized with 1–2% buffered lidocaine.

There are two techniques used for placement of the pigtail catheter into the gallbladder—the 
modified Seldinger technique, and the trocar technique.

The modified Seldinger technique consists of inserting a needle into the gallbladder under 
direct US guidance (Figure 1). The most common needle is an 18 G 10 cm hollow core needle, 
although smaller gauge needles can be used with 0.018 inch access systems. Aspiration of the 
needle should confirm bilious return. A 0.035 inch guidewire is then inserted through the needle 
into the gallbladder lumen. The wire should be seen looping in the gallbladder lumen with 
ultrasound. Use a scalpel to create a skin nick at the needle entry site and bluntly dilate this with 
a Kelly clamp or curved snap. The needle is removed and dilators of increasing diameters are 
advanced over the wire just into the gallbladder in order to dilate a tract large enough to accom-
modate a drain. The most common drain sizes are 8, 10 and 12 F, with larger sizes chosen for 
more viscous fluid. The catheter is advanced over the wire under ultrasound guidance. Once the 
tip enters the gallbladder, the catheter is unlocked from the inner stiffener and further advanced 
over the wire. The wire and stiffener are then removed, and pulling on the drain string forms 
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the catheter. This is locked into place by various mechanisms, depending on catheter manu-
facturer. Straight drains should be avoided, as the pigtail mechanism will help to prevent tube 
malposition or withdrawal. The catheter should then be aspirated to ensure bilious return. The 
catheter course should also be imaged with ultrasound to confirm intraluminal location of all of 
the sideholes. The advantage to the Seldinger technique is the use of a small needle for initial 
access, reducing risk of damage to surrounding structures and bleeding if the initial attempt is 
not successful. The biggest disadvantage to this technique is that through the multiple exchanges 
there is mixing of infected bilious material from the gallbladder and blood from the transhepatic 
tract, potentially increasing the risk for sepsis. In the case of the transperitoneal approach, this 
technique would allow for spillage of bilious material into the peritoneum and increase the risk 
of peritonitis. Furthermore, this technique requires multiple steps from initial puncture to cath-
eter placement, making it more time consuming than the trocar technique [1, 2, 12, 19].

The second technique is the trocar technique, in which a stiff trocar needle is inserted though 
the drain as the inner stiffener, and they are advanced as a unit in a single pass into the gallblad-
der lumen under ultrasound guidance. While eliminating steps in the procedure compared 
with the Seldinger technique, there is a high risk of bleeding if the initial pass is not successful, 
as this would require multiple 8–12 F holes in the liver capsule. Damage to adjacent structures, 
if this does occur, would be more severe than with the Seldinger technique [1, 2, 12, 19].

After access is gained into the gallbladder (confirmed by aspiration of bile), bile is withdrawn 
for culture and the drain is connected to gravity drainage.

The drainage catheter is fixed to the skin with suture and a sterile dressing is applied.

Technical failure can be seen with porcelain gallbladder, thickened gallbladder wall, or small 
gallbladder lumen (from stones or one that is too small to accommodate a pigtail catheter) [9].

6. Post-procedural care

Procedure-associated morbidity can be extremely high in a critically ill patient population [14]. 
Although this is the best alternative to preventing/treating biliary sepsis aside from surgery, 

Figure 1. Ultrasound guided Seldinger technique with needle in the gallbladder lumen.
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great care must be taken post procedure to avoid complications. Bed rest is needed (typically 
2–4 h) with regular monitoring of vital signs and adequate pain control. The patient should 
be monitored for new or worsening chest /right upper quadrant pain, dyspnea, shortness of 
breath, and red or tarry stool. These typically occur 1–72 h after the procedure [11]. Catheter 
dislodgement is the most common complication and may be due to patient movement, failure 
to protect the catheter during transportation, or inadequate fixation of the catheter. Timely 
removal of the catheter after mature tract formation can decrease biliary peritonitis secondary 
to bile leakage [9].

The catheter should be flushed daily with 5–10 mL with sterile saline to avoid occlusion [9].

Cholangiography can be used to assess patency of the cystic duct, presence of gallstones, and 
catheter position days after the procedure or when the patient has stabilized [11]. Using the 
tube for diagnostic studies is not recommended until the patient has clinically improved from 
their infection.

The catheter cannot be removed for at least 6 weeks [11], unless done during a cholecystec-
tomy. Prior to removal, two things must be established: patency of the cystic duct and maturity 
of the transhepatic/transperitoneal tract. These are accomplished with fluoroscopic evaluation 
via fistulography. This is performed with injection of contrast material to evaluate patency of 
the cystic and common bile ducts. To evaluate tract maturity, a guidewire is placed through 
the catheter and looped in the gallbladder lumen and the catheter is removed. Tract matura-
tion is evaluated by injecting contrast through a sheath as is it withdrawn over the wire. Care 
must be taken to preserve wire access to the gallbladder. The tract is considered mature if there 
is no leakage into the peritoneal cavity. If leakage is identified, a new catheter is placed and the 
process repeated until maturation is confirmed [12]. If the tract is mature and the cystic duct 
and CBD are patent, then many operators will opt for a clamp trial of the catheter.

7. Outcomes

Response rates vary widely in the literature from 8 to 100% [16]. Atara et al. found the success 
rate to be as high as 79% in their study [4]. Patients with clinical signs and localized symptoms 
to the right upper quadrant are more likely to respond to PC. Patients in the intensive care unit 
were less likely to respond to PC [16, 20]. When the gallbladder is the only source of infection, 
the response is dramatic. Positive response to treatment was seen in up to 59% of critically ill 
patients according to a study by Boland et al. [9].

A study by Atara et al. suggests that scheduled cholecystectomy after PC may prevent biliary 
complications over the long term. They demonstrated a post-surgery rate of 5.6% and mortal-
ity rate was 2.8%, both significantly lower than found in the literature [4].

While recurrent rates of are low for additional episodes of acute appendicitis in the general 
population, the populations with high surgical mortality and morbidity have higher inci-
dences of recurrent attacks. Removing the gallbladder ensures further episodes of biliary sep-
sis that can also carry similarly high mortality rates do not occur [16].
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Patients who are not candidates for cholecystectomy and continue to have indwelling chole-
cystostomy tubes need to have routine exchanges of the catheter to prevent obstruction and/or 
encrustation. These are typically performed every 8–12 weeks, with shorter intervals in patients 
who occlude their catheters. In addition to daily normal saline flushes, Ursodiol can be given 
to thin bile and prevent crystal formation in patients who have issues with catheter patency.

8. Contraindications

There are no absolute contraindications to percutaneous cholecystostomy. Relative contrain-
dications of PC include hemorrhage or uncorrectable bleeding diathesis, and pericholecystic 
abscess. A gallbladder filled with stones might prevent catheter insertion. Presence of gall-
bladder tumor is also a relative contraindication as tumor seeding might occur.

The presence of ascites was once thought to increase the risk of failed tract maturation; however, 
a 2015 study demonstrated that it is not increased when compared to patients without ascites 
[15].

9. Complications

Tube dislodgement is a frequent complication (Figure 2), seen as high as 80% [13]. Friedrich 
et al found tube dislodgement to be 59% in their study [14]. The method used for placement was 
proven to be unrelated to rates of dislodgement [14]. The locking loop catheters are preferred to 
reduce the risk of dislodgment as the catheter dislodgment tends to occur in a higher rate here 

Figure 2. Intraoperative fluoroscopic image obtained after cholecystectomy tube placement. Contrast is seen within the 
gallbladder lumen after injection into the catheter.
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great care must be taken post procedure to avoid complications. Bed rest is needed (typically 
2–4 h) with regular monitoring of vital signs and adequate pain control. The patient should 
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While recurrent rates of are low for additional episodes of acute appendicitis in the general 
population, the populations with high surgical mortality and morbidity have higher inci-
dences of recurrent attacks. Removing the gallbladder ensures further episodes of biliary sep-
sis that can also carry similarly high mortality rates do not occur [16].
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than in other organs [4, 9]. This is mostly due to the degree of respiratory motion at this location 
in the abdomen and, in the author’s experience, is encountered less frequently with the inter-
costal approach compared with the subcostal approach. Critically ill patients are also prone to 
altered mental status and dislodgement can be secondary to forceful removal by the patient [9].

Complications directly related to placement of a cholecystostomy tube include bile leak, 
cholangitis, bleeding, tube dislodgment, hematoma, biloma, seroma, pneumothorax, injury 
to surrounding organs including bowel perforation, abscess formation, and pain at the pro-
cedure site [14, 16].

Major complications include sepsis (3%), bile leak leading to peritonitis (4%), major bleeding 
(3%), and death (10%) [14].

Bradycardia and hypotension can also occur from gallbladder manipulation.

10. Peri-procedural imaging

The diagnosis of acute cholecystitis begins with suspicion on the basis of right upper quadrant 
pain and tenderness. The primary imaging modality is ultrasound, which can demonstrate 
stones (Figure 3), wall thickening, pericholecystic fluid (Figure 4), gallbladder distension, and 

Figure 4. Ultrasound imaging demonstrates distended gallbladder with surrounding pericholecystic fluid in a patient 
with right upper quadrant pain and biliary ductal dilation.

Figure 3. Ultrasound imaging demonstrates numerous shadowing stones within a distended gallbladder in a patient 
with right upper quadrant pain.
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in the absence of stones with these inflammatory findings, acalculous cholecystitis should be 
considered. These findings can also be seen in computed tomography (Figure 5). Hepatobiliary 
scan is used in equivocal cases (Figure 6) [6].

11. Equipment needed

• Ultrasound machine;

• Sterile probe cover and sterile ultrasound gel;

• Sterile biopsy tray;

• Sterilizing material and applicant (chlorhexhidine stick, betadine with swabs);

• Sterile gauze;

• Sterile field cover and/or towels;

• 22 gauge needle;

• 3 10 cc syringes;

Figure 5. Contrast enhanced axial CT image demonstrating a distended gallbladder with wall thickening and surrounding 
fat stranding.

Figure 6. 99mTc-HIDA scintigraphy demonstrates nonvisualization of the gallbladder after 1 h. Morphine was then 
administered with persistent nonvisualization.
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• 18 G needle;

• 1–2% buffered lidocaine;

• Kelly clamp;

• Scalpel;

• Trocar technique: 10 F locking pigtail catheter with needle trocar;

• Seldinger technique: 18 G 10–15 cm needle, 0.035′ guidewire with 3 mm j-tip, 8 and 10 F 
dilator, 10 F locking pigtail catheter.

12. Bedside set-up tips and pitfalls

As with all bedside procedures, it is vital that you have all materials needed with you. An 
example of tray set up is given in Figure 7. While many bedside procedures require tools that 
can be found on the ward, most of the items necessary for PC placement are only found in the 
IR suite or OR. Therefore, it is wise to bring a variety of tools with you, including catheters of 
various sizes, extra wires, dilators, and gelfoam.

Make sure to position the ultrasound screen in a convenient location that allows you to 
quickly look from the monitor to the access site.

Having a sterile assistant is very helpful in this procedure. While catheter exchanges over a 
wire are easy in the IR suite, the sterile field is more limited at the bedside and an assistant 
can help maintain proper sterile technique during the more challenging portions of the proce-
dure. Have an alcohol wipe available in case the back end of the wire goes off the sterile field.

13. Conclusion

The gallbladder is a small organ with much pathology. Possible treatment options for acute 
cholecystitis include: open versus laparoscopic cholecystectomy or open versus percutaneous 

Figure 7. Example of tray set-up for percutaneous cholecystostomy placement.
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cholecystostomy, sphincterostomy, or gallstone dissolution depending on the etiology. Briefly 
discussed was the necessity of cholecystostomy, which can be performed at bedside in criti-
cally ill patients who are not surgical candidates.

PC is a safe and effective procedure in critically ill patients in the acute phase of cholecystitis 
with a high technical success rate and gives added benefit of better future surgical survival 
and ability to remove duct stones without creating additional access [18].

Having the knowledge and skill to adequately perform this procedure is essential, especially 
in patients with septic shock in need of source control.
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Abstract

Pancreatitis, inflammatory processes or retroperitoneal haemorrhage, paralytic ileus, 
ascites, severe visceral oedema caused by extreme fluid replacement, blunt abdominal 
trauma, peritonitis, or even massive transfusion can be found among the triggering fac-
tors of intra-abdominal hypertension and abdominal compartment syndrome (ACS). The 
only possible way of establishing the diagnosis is to measure the intra-abdominal pressure 
(IAP), a widespread manner of which is the measurement through the bladder. In our 
works, we wanted to study whether the method of continuous intra-abdominal pressure 
monitoring is feasible within the everyday practice of diagnosing the conditions having 
increased intra-abdominal pressure. The globally accepted pressure measurement car-
ried out through a urinary catheter and its classical so-called intermittent form has been 
employed worldwide in the intensive care units and surgical wards. The procedure is 
simple, yet time consuming, and the catheter connections and disconnections are sources 
of infection. The measurement results provide information only on the individual pres-
sure values of the predetermined measurement dates. In order to eliminate these weak-
nesses and for the safe and quick measurements, the classical technique was replaced by a 
completely new method: the continuous intra-abdominal pressure monitoring. In order to 
determine the objectivity of the continuous intra-abdominal pressure measurement tech-
nique, we carried out a validation study on surgical patients with normal and elevated 
intra-abdominal pressures. The pressure was determined by both methods in case of all 
patients. Significant difference could not be observed between the results of the intermit-
tent and of the new technique. In this chapter, we want to discuss in detail of this validation 
study appointing the strong advantages of the new monitoring process. Measurement of 
the intra-abdominal pressure is essential in the differential diagnosis of acute abdominal 
pathologies. Pressure measurement through urinary catheters for the monitoring of the 
intra-abdominal pressure, especially its continuous variant, is an excellently applicable 
method. Introduction into the daily clinical routine is highly recommended.

Keywords: intra-abdominal pressure, intermittent intra-abdominal pressure measurement, 
continuous intra-abdominal pressure monitoring, intra-abdominal hypertension, abdominal  
compartment syndrome
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1. Introduction

Human body is subdivided into smaller or larger units by well-defined compartments. The 
function of these compartments is to mechanically protect and separate from one another 
the organs or organ systems situated inside them. Distinctively separated spaces of our 
bodies are the different fascial compartments, the skull, the spinal canal, the orbit, the peri-
cardium, and the thoracic and the abdominal cavities [1]. The elasticity of the tissues of the 
separating walls (bone, muscle, connective tissue) have a strong determinative effect on the 
tolerance for volume or pressure changes exerted on the organs, which can be found inside 
these compartments. Compartment syndrome in a wider sense defines those changes that 
occur in the given compartments due to the increased pressure (which apart from some 
lesser and/or greater fluctuations is constant under physiological circumstances) and to 
the decrease in local circulation developing in consequence of this. Detrimental effects of 
the increased pressure are widely known and precisely described in the medical literature 
[1–7]. Herniation syndromes occurring as a consequence of the increased intracranial pres-
sure, the clinical appearance of pneumothorax and haemothorax caused by pathological 
accumulation of air or fluids inside the thoracic cavity, as well as the concept of pericar-
dial tamponade are known by everybody. Although approaching these from this point of 
view is not routinish, yet no one questions that all the above cases represent a compartment 
syndrome occurring as a consequence of the increased pressure having been elevated due 
to certain specific reasons. Upon mentioning, associations are immediately made to fascial 
compartments; however, the term compartment syndrome means the clinical picture of the 
entirety of pathophysiological alterations developing in consequence of the increased pres-
sure occurring within a closed space; and this is irrespective whether the separating com-
partment itself is formed by the skull, the thorax, the abdominal cavity, or a given fascial 
compartment. A common characteristic of these syndromes is the permanent and irrevers-
ible damage that may affect the organs, which can be found inside the given compartment 
if quick intervention cannot be provided. If vital organs are affected, these damages can be 
life-threatening or may even lead to death.

Abdominal compartment syndrome (ACS) was first described in relation to abdominal trau-
matic injuries, but its occurrence is not a bit scanty in the general surgical patient material, 
despite the fact that its aetiology is completely different [1, 2]. Kron [8] was the first who 
albeit did not use the term itself, yet described compartment syndrome in 1984. It was again 
Kron who routinely used abdominal pressure measurement through bladder catheterisa-
tion [8], which became widespread by 1989; however, the fundamentals of the method were 
described 100 years prior by Oderbrecht. Later on, several research groups developed the 
method [9–13]. The creation of abdominal compartment syndrome as technical term is associ-
ated with the work of Fietsam et al in 1989. The golden age of ACS has been launched by the 
two papers of Schein and Burch published in 1995 and 1996, respectively.

Pancreatitis, inflammatory processes or retroperitoneal bleeding, paralytic ileus, ascites, and 
severe visceral oedema caused by extreme fluid replenishment, blunt abdominal trauma, 
peritonitis, or even massive transfusion can be found among the triggering factors of ACS; 
i.e., all factors that may and can lead to a sudden increase in the intra-abdominal pressure 

Bedside Procedures124

(IAP, 5–10 mmHg under physiological circumstances), to conditions of intra-abdominal 
hypertension (IAH, IAP ≥ 12 mmHg) associated with organ or multiple organs’ failure, or 
without intervention to abdominal compartment syndrome (IAP ≥ 20 mmHg, which is associ-
ated with the failure of vital organs) [2, 7, 11, 12]. Despite the modern and quick diagnostics 
and the adequate surgical interventions performed in time, the mortality of ACS is extremely 
high (38–71%). It affects practically all vital organ systems such as cardiovascular, respiratory, 
urinary and central nervous systems, as well as the parenchymatous organs.

The only possible way of establishing the diagnosis is to measure the intra-abdominal pres-
sure. A widespread manner of measurement is the method used through the bladder [8–11]. 
The fundamental principle of the method is the law which says that if pressure is exerted on 
the surface of a compartment predominantly containing some kind of fluid, then this pres-
sure imposed upon the practically incompressible fluid will be transmitted unaltered to each 
and every point of the affected compartment. Consequently, the IAP and the intravesical 
pressure values are strictly identical. If the bladder is filled with 50 mL of physiological saline 
and the previously inserted catheter is closed, then the pressure predominating the bladder 
will be transmitted to the catheter and become easily measurable through a sterile needle 
inserted into the catheter. This procedure was simplified by the working group of Sugrue 
[11], who placed a ‘T-element’ into the catheter, which rendered unnecessary the closure and 
insertion of it, and also significantly reducing the prevalence of infections associated with 
this measurement. To surmount points of weakness (laboursome, intermittent), Balogh and 
his working group [13] developed and validated the method of continuous intra-abdominal 
pressure monitoring (CIAPM). Owing to their modifications, the procedure of vesical filling, 
catheter closure, and needle insertion was smoothed away (‘Balogh-Sugrue technique’).

Treatment of ACS is nearly always surgical decompression. Within the frame of prevention or 
in the case of individual ACS responding well to conservative methods, non-surgical solutions 
may also be possible (evacuation of the intraluminar content, removal of the space occupying 
process, improvement of the tolerance of the abdominal wall, optimal fluid therapy, optimisa-
tion of the systemic and regional circulation) [14–16]. Success is greatly influenced by the aeti-
ology of the given case and by the general condition of the patient. If IAP > 20 mmHg (and/
or APP < 50 mmHg, where APP = abdominal perfusion pressure) and new signs of organic 
dysfunction are occurring, then the ACS is not responding to the conservative method, and 
the possibility of surgical decompression should be carefully considered.

Surgical treatment for all cases of IAH/ACS is decompression laparotomy with temporary 
abdominal wall closure or open abdominal treatment. Following decompression, the prob-
lem cannot be regarded as solved, and the conservative method should be carried further on 
(adequate medication, optimal fluid therapy) along with the constant monitoring of IAP. APP 
above 60 mmHg and IAP under 12 mmHg mean the solution of the IAH. If APP > 60 mmHg 
and IAP > 12 mmHg, then the conservative method is still well founded, but the decompres-
sion or the revision of the previous decompression is necessary in case of APP < 60 mmHg.

In the past few decades, the consensus definitions were elaborated and following several 
modifications were published again in 2013, the diagnostic method was brought to perfection, 
the therapeutic possibilities were revolutionised and developed to a high-tech level; however, 
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the puzzling out of the pathophysiology in its entire depth and as an integer is yet to be 
achieved [17, 18]. It is known that the basis of the phenomenon is the co-dependent chain reac-
tion of several physiological processes triggered by the increased intra-abdominal pressure, 
but the exact mechanism still remains in obscurity [14, 15].

2. Aims

The main goal of this chapter was the description of the advantages and disadvantages 
of the different techniques for monitoring the intra-abdominal pressure. In our works, we 
wanted to study whether the method of continuous intra-abdominal pressure measurement 
is feasible within the everyday practice of diagnosing the conditions having increased the 
intra-abdominal pressure, as well as the ACS. Our aim was not only to validate this new 
technique but also to bring it to perfection as well.

3. Comparative study of the traditional and continuous intra-abdominal 
pressure measurement techniques

3.1. Patients of the comparative study of the intra-abdominal pressure measurement 
techniques

To carry on the comparative study of the intermittent (traditional) and continuous intra-
abdominal pressure measurement techniques, 20 patients with acute pancreatitis were 
involved. The selection of the patients was based on a random nature.

3.2. Measurement methods

The intra-abdominal pressure was measured on every patient, in every 6 hours, by both the 
techniques. To avoid the technical errors, all of the measurements were carried out by the 
same person. Patients were included into the study following the preliminary oral informa-
tion and signing of the informed consent forms, for which the patients had the right and pos-
sibility of withdrawal made at any time without providing any justification.

3.2.1. Traditional (intermittent) technique of intra-abdominal pressure measurement

Prior to our study, protocolised intra-abdominal pressure measurements were never per-
formed at our hospital. Sporadic pressure determinations were performed in one or two 
clinical centres; however, routine measurements defined in protocols could nowhere be men-
tioned. In order to carry out the initial pressure measurements, we performed intermittent 
measurements following the Sugrue technique [8–11]. The patients wore a simple bladder 
catheter (Foley balloon catheter, 16Fr-20Fr, latex or silicone). During the measurement, the 
urine collection bag was removed and the bladder was filled with 50 mL of physiological saline 
through the lumen of the catheter. In the next step, the lumen of the catheter was connected 
to a set designed and used for the measurement of the central venous pressure (B. BRAUN 
Medifix® pressure measurement scale) with or without the insertion of a T-tap. The zero point 
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of the scaled measurement tube was designated in the medioaxillary line corresponding to the 
anterior superior iliac crest. After waiting for 1–2 minutes, at the end of exhalation, the value 
of IAP could be read off the scale in units of cmH2O. The values read off should be converted 
to mmHg (1 mmHg = 1.36 cm H2O). When the measurement was completed, the system and 
the bladder catheter were disconnected and the latter was connected to a urine collection bag.

3.2.2. Continuous intra-abdominal pressure measurement

The technique of continuous intra-abdominal pressure measurement was known from the 
international literature [13]. With the aid of personal consultations with the Australian work-
ing group, which elaborated the procedure (Prof. Zsolt Balogh), we perfected and further 
developed it, and subsequent to the elaboration of the ward protocol and of further training 
lectures held for the specialist healthcare workers, we—being the only such institution to do 
so—introduced it to the everyday routine practice. Taking into consideration the nature of the 
intra-abdominal pressure being oscillatory even on a daily basis, we considered the use of the 
continuous intra-abdominal pressure measurement technique to be essential for the every-
day routine, as well as during the design of the studies. For the measurements, we used 18 
Fr standard three-way bladder catheters (LubriSilTM All-Silicone Foley catheter, C.R. Bard, 
Inc., Covington, GA, USA). The catheter and the urine collecting bag remained connected for 
all the time. In order to perform the pressure measurement, the so-called flushing port of the 
catheter was connected to the insertion of a transducer to a 24-hour bedside monitor. The 
connection of the flushing port and the transducer was effectuated with a triple tap. The col-
lapse of the bladder was prevented with physiological saline continuously perfused with the 
speed of 4 mL/h. The zero point for the fixation of the transducer was established in the plane 
determined by the axillary median line and the anterior superior iliac crest. After the system 
was set to zero, the measured data were continuously recorded, in which data could be eas-
ily read off from the bedside monitor. The actual IAP value appeared directly in mmHg and 
required no further conversion. Pressure values were read off in every hour. The IAP mean 
value determined on a daily basis was calculated as the average of pressure values recorded 
in 24 hours [3, 4].

4. Statistical methods

Between the two methods correlation was expressed using the Lin’s concordance correlation 
coefficient and Bland–Altman’s 95% limits of agreement, overall and also stratified for mea-
surement time. The concordance correlation coefficient evaluates agreement on a continuous 
measure obtained by two different methods.

The concordance correlation coefficient combines measures of both precision and accuracy to 
determine how far the observed data deviate from the line of perfect concordance (i.e., the line 
at 45° on a square scatterplot). The coefficient increases in value as a function of:

• The nearness of the data’s reduced major axis to the line of perfect concordance (the accuracy 
of the data).

• The tightness of the data about its reduced major axis (the precision of the data).
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With all coefficient estimates exceeding 0.97 and immensely significant, the findings indicate a 
very high level of concordance between CIAPM and the intermittent method. Bland–Altman’s 
95% limits of agreement estimates are within the clinically non-significant ranges of ±2 mmHg.

5. Results

In order to determine the objectivity of the continuous intra-abdominal pressure measure-
ment, we carried out measurements in patients with normal and elevated intra-abdominal 
pressures. Significant difference could not be observed between the results of the intermit-
tent measurements and of the new technique. According to the statistical analysis, the con-
cordance correlation coefficient was higher than 0.97 in all cases, which shows a strongly 
significant agreement between the two different techniques (Figures 1–4). The 95% limits of 
agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
(Figures 5–8).

According to our results, we can summarise that the continuous intra-abdominal pres-
sure monitoring technique is a modern, safe, and accurate method for the IAP monitor-
ing, which provides results immediately, in millimetre of mercury without the need of 
conversion.

Figure 1. The concordance correlation coefficient was higher than 0.97 in all cases during the measurements carried out 
at 6.00 hour.
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Figure 2. The concordance correlation coefficient was higher than 0.97 in all cases during the measurements carried out 
at 12.00 hour.

Figure 3. The concordance correlation coefficient was higher than 0.97 in all cases during the measurements carried out 
at 18.00 hour.
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Figure 4. The concordance correlation coefficient was higher than 0.97 in all cases during the measurements carried out 
at 24.00 hour.

Figure 5. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 6.00 hour.
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Figure 7. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 18.00 hour.

Figure 6. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 12.00 hour.
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Figure 5. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 6.00 hour.
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Figure 7. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 18.00 hour.

Figure 6. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 12.00 hour.
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6. Discussion

Measurement of the intra-abdominal pressure is essential in the differentiated diagnostics 
of acute abdominal pathologies, in the following of surgery patients being in critical condi-
tion, in the prevention of the IAH/ACS, as well as in the monitoring of the already devel-
oped syndrome [3–5, 7–13]. The IAP (being within the normal range or increased) is never 
a constant value but has an oscillatory nature even less than 24 hours [12]. This nature was 
the main demand to develop a continuous control providing measurement method. The 
continuous intra-abdominal pressure monitoring technique was first published by Balogh 
and his working team in 2004 [13]. In order to determine the objectivity of the continuous 
technique, we carried out measurements in 20 patients, and we verified that the intermit-
tent and continuous measurements are trusted methods of intra-abdominal pressure moni-
toring without significant differences between them. Following its first construction, the 
system of CIAPM can be operated without interruption until the next replacement of the 
bladder catheter (about 7–10 days), thereby eliminating the risk of infection originating 
from the catheter replacements in the intermittent measurements, as well as the need for 
extra work and tools.

Summing it up, the continuous intra-abdominal pressure measurement is the “gold stan-
dard” of the intra-abdominal pressure monitoring.

Pressure measurement through vesical catheters for the monitoring of the IAP, especially 
its continuous variant, is an excellent applicable method. Introduction into the daily clinical 
routine is recommended.

Figure 8. The 95% limits of agreement of the Bland–Altman method were between the non-significant ±2 mmHg ranges 
in all cases during the measurements carried out at 24.00 hour.
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Shifting the performance of an invasive procedure from operating room or 
interventional lab to the ICU has advantages for both the patient and the doctor 

performing the procedure. The book is a guide to interventions that are commonly 
performed in the intensive care unit, without the need of an operating room. 

In the following chapters, the authors show that procedures like endotracheal 
intubation, videolaryngoscopy, pericardial puncture, lumbar puncture and 

percutaneous cholecystostomy, and intra-abdominal pressure monitoring can be safely 
performed outside the operating room, at the bed of the patient. 

All the chapters of the book are clinically orientated providing explanations and 
illustrations for invasive procedures. Practical recommendations are given in the book, 
accompanied by figures for techniques performed in critically ill patients. It will serve 
the experienced doctor who has not performed a procedure for a long time as well as 

the young doctors needing a practical assistance when facing a new patient.
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