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According to the American Cancer Society, more than 1.6 million people will be 
diagnosed with cancer during this year. Outcomes have steadily risen over the last 
several decades with the advent of newer therapies. As outcomes have improved, 

more and more cancer patients are developing critical illness. In the not-too-distant 
past, patients with active malignancy were thought not appropriate for critical care 

services as decreased longevity related to the cancer suggested poor prognosis for 
intensive care utilization. More recently, evidence supports rapid activation of critical 

care services leading to improved outcomes in cancer patients. Moreover, just as 
sub-subspecialty critical care experience in trauma and neurosciences has proved 
beneficial, the emerging field of oncology critical care warrants specific attention.
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Preface

According to the American Cancer Society, more than 1.6 million people will be diagnosed
with cancer during this year (2016), and there will be approximately half a million cancer-
related deaths this year in the United States. Outcomes have steadily risen over the last sev‐
eral decades for most cancer types with the advent of newer chemotherapy regimens,
improved interventional and surgical techniques, targeted radiation therapies and immuno‐
therapies, as well as earlier diagnostic and screening programs. As outcomes have im‐
proved, there are more and more patients with cancer that are developing serious illness.
Some of these patients develop critical illness that is not a direct result of their comorbid
malignancy; however, a significant number of patients have critical illness that can be direct‐
ly attributed to their cancer or its treatment.

In the not-too-distant past, patients with active malignancy were thought not appropriate
for critical care services as decreased longevity related to the cancer suggested poor progno‐
sis for intensive care utilization. However, more recently, there is evidence supporting rapid
activation of critical care services can lead to improved outcomes in patients with cancer. As
this subset of critically ill patients presents in greater frequency to critical care physicians,
specific knowledge regarding this special group of patients is paramount to appropriate
treatment. Moreover, just as sub-subspecialty critical care experience in trauma, neuroscien‐
ces, and transplant among others has proved beneficial, the emerging field of oncology criti‐
cal care warrants specific attention.

The following chapters highlight some specific topics of critical illness experienced by pa‐
tients with cancer with specific focus on the interaction of how the presence of underlying
malignancy affects treatment discussions and decisions. Although not exhaustive, these top‐
ics provide details of respiratory, gastrointestinal, infectious, nutritional, and pharmacologi‐
cal issues in critically ill patients with cancer. I truly appreciate the dedication and
involvement of this group of authors not only in the development of this work but also in
the care they provide to their patients.

Jeffrey B. Hoag, MD, MS
Director of Pulmonary and Critical Care, Eastern Regional Medical Center

Vice Chairman, Department of Medicine, Medicine and Science
Cancer Treatment Centers of America®

Philadelphia, USA
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Provisional chapter

Oncological Airway Emergencies in the Critical Care Unit

Osheen Abramian, Diana Kolman and Emil Abramian

Additional information is available at the end of the chapter

Abstract

Malignancies involving the upper and lower airways can be presented as acute and/
or acute-on-chronic life-threatening emergencies. Most of them require intensive care
unit (ICU) admission and acute intervention. Such emergencies include but are not
exhaustive to epistaxis,  massive hemoptysis,  central airways obstruction, postob-
structive  pneumonia,  tracheoesophageal  fistula,  and  pleural  disease.  These  are
frequent consequences of disease, iatrogenicity, and various pleural diseases causing
respiratory  failure.  The  incidence,  physiology,  symptoms,  and  sequelae  of  each
disease  will  be  outlined  in  addition  to  potential  surgical,  pharmacologic,  and
conservative interventions. An anatomical approach from the upper airway, lower
airway, mediastinum, and pleura will be taken. Here, we discuss interventions such
as emergent cautery, nasal packing, emergent airways, and tracheostomy in addition
to a  brief  glance at  other surgical  modalities.  We will  also detail  central  airway
complications  such  as  obstructing  endobronchial  tumors,  massive  hemoptysis,
bronchoscopy, rigid bronchoscopy, stent placement, and other interventions (cautery,
cryotherapy, one-way valves). Finally, pleural disorders such as tension pneumothor-
ax,  bronchopleural  fistulas,  massive  pleural  effusion,  and  hemothorax  will  be
reviewed.

Keywords: respiratory failure, central airway obstruction (CAO), upper airway ob-
struction, epistaxis, massive hemoptysis, stridor, endoluminal disease, malignant
pleural effusion, massive pleural effusion, tension pneumothorax, hemothorax, bron-
chopleural fistula, ENT, interventional pulmonology, cardiothoracic surgery, thoracot-
omy, thoracostomy, intrapleural fibrinolysis

© 2016 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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1. Introduction

As the armamentarium of oncologists continues to improve, so do the outcomes of their
patients. However, morbidity persists and many patients require intensive care unit (ICU) as
a consequence of end-stage disease, multiorgan dysfunction, infection, and airway compro-
mise. This chapter focuses on airway emergencies that are typically experienced in the ICU.
Classification and designation of tumors will not be reviewed. Rather yet, the airway and
mediastinal  burden  of  tumor  will  be  detailed.  We have  organized  the  discussion  in  an
anatomical approach, sequenced as such: upper airway (nasal cavity, pharynx, and larynx),
lower airway (trachea, primary bronchi, and parenchyma), and pleura.

1.1. Upper airway obstruction

We consider upper airway obstruction attributable to cancer a medical emergency. The clinical
manifestations of airway obstruction will depend on the underlying disease, the anatomic
location, acuity, and severity of airway compromise. Primary head and neck tumors causing
upper airway obstruction are perilaryngeal tumors including supraglottic, pharyngeal,
pyriform fossa, periglottic, vocal cord, and subglottic lesions. Almost all (95%) of head and
neck cancers are squamous cell carcinomas [2], and most occur in patients with an extensive
smoking history. Obstruction can occur via mass effect, edema, or hemorrhage. Metastatic
breast, colon, melanoma, sarcoma, lymphoma, and esophageal cancers are also associated with
upper airway obstruction [2]. Certain obstructions can be asymptomatic and can develop
insidiously, making propensity to clinical deterioration unpredictable. Airway salvage and
maintenance of oxygenation is the main interventional objective. In this chapter, we also
emphasize early airway protection and limiting use of paralytics.

1.2. Etiology and pathogenesis

Upper airway obstruction can be classified as functional, anatomic (e.g., squamous cell
carcinoma of larynx), acute, or subacute. Based on the site of obstruction, patients can be
divided into different subclasses including obstructive lesions in and around the larynx, mid-
tracheal obstruction due to retrosternal goiters, and thyroid carcinomas. We highlight a key
respiratory physiologic determinant of airway resistance, Poiseuille’s Law. Simply put, airway
resistance is dependent on airway diameter and turbulence. Thusly, small changes in airway
diameter lead to large changes in resistance of the airflow as the airway resistance is directly
proportional to the length and inversely proportional to the fourth power of the airway radius
[15].

1.3. Diagnosis

If suspected, we suggest an anatomic survey to rule out airway obstruction. Many modalities
are available to the intensivist, such as direct laryngoscopy, bronchoscopy, and flouroscopic
guidance. Our practice is to evaluate the patient starting cephalad and progressing caudad,
both through direct visualization and for establishing a differential diagnosis. Coupling
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underlying medical history and physical exam with appropriate imaging, the treatment plan
should be formulated promptly. With CT imaging of the neck and mediastinal structures, we
are able to identify the extension of disease and its positioning relative to nearby anatomy.
Routine chest radiography in this sense is limited to its two-dimensional depictions and helps
identify tracheal and skeletal abnormalities but mainly helps indicate what next imaging
modality is needed.

1.4. Signs and symptoms

We commonly observe symptoms of upper airway obstruction as respiratory distress,
hoarseness, stridor, facial swelling, or failure to oxygenate with a bag-valve mask. Supraglottic,
subglottic, or cancers of the hypopharynx do not usually cause voice changes and are therefore
diagnosed in late stages. The most common cause of hoarseness is edema of the true vocal
cords. Six weeks of hoarseness in an adult is highly suspicious for a precancerous or cancerous
laryngeal lesion. Although not considered a true emergency, hoarseness warrants thorough
evaluation.

Stridor is defined as a high-pitched wheezing heard during the respiratory cycle, and is usually
more intense during the inspiratory phase. It is appreciated when the airway is at least 5 mm
or 50% of its previous diameter [13, 23]. The most common cancers associated with stridor
from airway obstruction are squamous cell carcinoma of the larynx, trachea, and esophagus.
Pancoast tumors can secondarily cause interstitial edema of the head and neck leading to
airway compromise from superior vena cava (SVC) obstruction.

1.5. Management of upper airway obstruction

The primary objective for an intensivist is to establish and safely provide an airway. Malig-
nancies of the base of the tongue, nasopharynx, pyriform fossa, epiglottis, and vocal cords
will usually require a surgical airway such as tracheotomy or cricothyrotomy. These tu-
mors have a high propensity for bleeding and special precautions must be taken and emer-
gent surgical consultation must be considered. If the airway is amenable to intubation,
smaller-sized endotracheal tubes should be amenable. Long-acting sedatives and muscle
relaxants should be avoided as they predispose airway obstructions to airway collapse and
respiratory failure. Long-term definitive management involved treating the underlying
cause, which is usually treated surgically. However, the majority of patients with malignant
airway obstructions will be unresectable due to locally advanced disease, metastatic dis-
ease, or poor surgical candidacy.

2. Epistaxis and Post Operative Hematoma

Epistaxis, or nosebleed, occurs in up to 10% of patients with advanced cancer. Common causes
of epistaxis in the cancer population are intranasal neoplasms, polyps, leukemia, and coagu-
lopathic disorders including thrombocytopenia secondary to malignancy, medication, or
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anticoagulation. It is frequently associated with squamous cell carcinoma, melanoma, and
papillomatous lesions [1]. Although rare, nasal cavities can also be a source of metastasis [2].

Epistaxis is anatomically classified as being located in the anterior or posterior nasopharynx.
Occasionally, patients might present with severe, life-threatening epistaxis that arises from the
larger vessels in the posterior and superior nasal cavity. This bleeding can compromise the
airway and results in respiratory failure. Although a thorough medical history and physical
exam is necessary, rapid epistaxis can become a life-threatening event. If time allows for
quantification of bleeding, the duration and/or a history of a bleeding disorder should be taken
into account. Despite the profound incidence of all-cause epistaxis, a societal guideline on
management does not exist. Our approach, as in all institutions, is evidence-based neverthe-
less [3]. A stepwise approach is pertinent and consists of hemostasis conservative measures,
localized tamponade, and surgical specialist intervention [4].

2.1. Anterior epistaxis

Patients with active or frequent nosebleeds should be evaluated for an anterior source of
bleeding. Approximately 90% of anterior nosebleeds occur at Kiesselbach’s plexus or Little’s
area. As a consequence, most of the blood exits anteriorly. This is supplied from the external
carotid artery, the superior labial branch of the facial artery, and the terminal branch of the
sphenopalantine artery. The internal carotid also supplies the anterior and posterior ethmoidal
arteries.

Visualizing the bleeding with nasal speculum/thudicum with a light source is the initial
approach but is inferior to direct rhinoscopy/nasendoscopy [4–6]. If blood obfuscates visuali-
zation, irrigation or suctioning techniques should be pursued. Applying direct mechanical
pressure may control bleeding, by manually occluding the anterior aspect of the nose in a
pincer fashion while leaning forward or applying pressure with an ice pack for 15 min. This
serves to tamponade the lesion and allows for platelet aggregation and clot activation. Patients
should be kept upright [7].

Nasal packing is a skill that the intensivist should be comfortable in administering while
awaiting otolaryngology evaluation. Risk of nasal packing includes but is not limited to tissue
necrosis, obstruction, and infection. The anterior nares should be packed with Merocel®
tampon or gauze soaked with 4% lidocaine and oxymetazoline to promote vasoconstriction.
There is little data, however, showing oxymetazoline’s role in hastening hemostasis. Friable
lesions causing epistaxis can bleed even more with treatment intervention. If a bleeding vessel
is visualized, electrical or chemical cautery (silver nitrate) for hemostasis should be pursued
only on lateral nares and not the septum to prevent perforation. Anterior nasal packing should
be applied for refractory bleeding. Packing failure can be explained by inadequate placement
or anatomic deformity such as a deviated septum or nasal airway obstruction by tumor or
polyp. In these patients, a careful endoscopic examination under general anesthesia should be
considered. We do not recommend blood pressure reduction for the sole purpose of controlling
bleeding. Nevertheless, one must assess signs of hemodynamic instability and necessity of
volume resuscitation.

Oncology Critical Care4
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2.2. Posterior epistaxis

Posterior nosebleeds carry the highest risk of significant hemorrhage. Patients with persis-
tent bleeding in spite of conventional treatment should be evaluated for a posterior bleeding
source. Approximately 10% of bleeds occur posteriorly, along the nasal septum or lateral na-
sal wall. The blood supply includes the external carotids through the sphenopalantine
branch of the internal maxillary artery. Bleeding enters the nasopharynx and oral cavity,
placing the patient at a high risk of respiratory compromise [8, 9]. Concordantly, the man-
agement of a posterior bleed is more complicated. Posterior nasal packing is prone to im-
pairing oxygenation. With heavy bleeding, electrocautery and then silver nitrate can aid
hemostasis [10]. Both interventions carry a risk of septal perforation; however, electrocau-
tery is easier to apply than silver nitrate during heavy bleeding [11]. It is recommended that
an ear, nose, and throat specialist (ENT) be consulted for placement of an inflatable balloon
or a 12–14 French Foley catheter for posterior packing.

At times, posterior gauze packs can be introduced through the mouth and retracted back into
the nasopharynx, thus providing tamponade in the area of choanae and the sphenopalantine
foramen. When conservative measures fail, embolization or surgical ligation of the offending
vessel may be necessary. If surgical ligation by an otolaryngologist fails, patients can be referred
to an interventional radiologist for angiography and embolization.

2.3. Postoperative neck hematoma

The diagnosis of a postoperative hematoma is based on clinical exam, CT head and neck
imaging, and subsequently confirmed with needle aspiration. Hematomas of clinical signifi-
cance could be presented acutely or in a subacute timeline post procedurally. Obstructions of
the airways occur as a consequence of edema and/or direct compression of the airway. An acute
presentation requires a focus on airway management, whereas chronic hematomas may be a
nidus to infection. If the airway is obstructed, the method of intubation is dictated by the degree
of airway edema and extent of previous surgery. Hematomas can also be decompressed by
either aspiration or releasing surgical staples. If the hematoma is due to an arterial bleed, it
can only be stopped by direct digital pressure or clamping. These patients should be evaluated
surgically.

3. Approach to Lower Airway Emergencies

Tumors of the tracheobronchial tree and mediastinum can cause respiratory failure and ICU
admission. Although primary tumors of the trachea are rare [12], mediastinal, primary lung,
and metastatic lesions can cause a multitude of clinical symptoms. If not addressed promptly,
morbidity and mortality can be significant. Diagnostic and therapeutic modalities are now
available offering bronchoscopic and, if needed, surgical approaches to expedite and minimize
patient complications. Approximately 20–30% of primary lung cancers can be presented with
central airway disease and its sequelae [13] such as atelectasis, hemoptysis, central airway
obstruction (CAO), and postobstructive pneumonias.
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3.1. Hemoptysis

Although some of the most common causes of hemoptysis include bronchitis, bronchiectasis,
and airway trauma, we will be focusing on neoplastic causes. The underlying cause is either
due to endoluminal disease (primary or metastatic), distal invasive disease (including those
of infectious etiology), and coagulopathy or as consequences of systemic disease (i.e., throm-
bocytopenia and drug induced injury). Approximately 20% of lung cancer patients will
experience hemoptysis throughout their disease progression [14] with case series reports of
up to 3% having massive hemoptysis [15].

Aside from neoplastic hemoptysis, other causes, such as heart failure, pulmonary tuberculosis,
lung abscess, coagulopathic, and iatrogenic (airway interventions) should be in the list of initial
differential diagnosis. Hemoptysis is frequently attributable to bronchogenic carcinoma;
however, massive hemoptysis is usually due to squamous cell carcinoma (e.g., centrally located
tumors) [16].

3.2. Diagnosis and management

Hemoptysis can be presented with clinically insignificant streaks or can be catastrophic. It can
include severity that is so burdened by fulminant bleeding that it impairs ventilatory capacity.
It is often in these scenarios that require ICU care, if escalation had not already been established.

The initial approach includes quantification of the amount of blood loss as to help assess the
risk of respiratory failure and asphyxiation. There is no universally defined volume of
hemoptysis to define as massive. However, volumes exceeding 200 cc/h or 600 cc in 24 h [15]
are volumes large enough for expeditious diagnostic and therapeutic intervention. In large
volume hemoptysis, airway protection becomes paramount and intubation is usually neces-
sary. Regardless of the volume, hemoptysis is clinically considered massive when patients
become difficult to ventilate (regardless of underlying morbidity) or if they demonstrate
hemodynamic instability [17].

The initial precautions and interventions to massive life-threatening hemoptysis are universal.
This includes maintaining head of the bead (HOB)>30 degrees, monitoring for hemodynamic
instability, airway protection, and ensuring oxygenation. Patients should be positioned in the
dependent position to preserve the nonbleeding lung from pooling or blood spillage. The
objective is to identify the source of bleeding. Frequently life-threatening hemoptysis warrants
bronchoscopic evaluation with balloon tamponade/endoluminal ablation.

In malignant hemoptysis, chest radiography helps illustrate lunch parenchyma. Aside from
identifying masses and cavitations, radiographs are superseded by multidetector CT (MDCT).
The CT helps visualize abnormal arteries, information which is critical for possible emboliza-
tion. While a diagnostic evaluation as to the source includes these investigational modalities,
emergent bleeding in the ICU deems a patient too unstable for transport. Should the history
and or radiographic imaging not be available, emergent intubation preferably via broncho-
scopy should be completed to isolate the nonbleeding bronchus [18]. Nevertheless, identifying
the cause of hemoptysis in an emergency should overlap the therapeutic interventions and
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hemoptysis to define as massive. However, volumes exceeding 200 cc/h or 600 cc in 24 h [15]
are volumes large enough for expeditious diagnostic and therapeutic intervention. In large
volume hemoptysis, airway protection becomes paramount and intubation is usually neces-
sary. Regardless of the volume, hemoptysis is clinically considered massive when patients
become difficult to ventilate (regardless of underlying morbidity) or if they demonstrate
hemodynamic instability [17].
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This includes maintaining head of the bead (HOB)>30 degrees, monitoring for hemodynamic
instability, airway protection, and ensuring oxygenation. Patients should be positioned in the
dependent position to preserve the nonbleeding lung from pooling or blood spillage. The
objective is to identify the source of bleeding. Frequently life-threatening hemoptysis warrants
bronchoscopic evaluation with balloon tamponade/endoluminal ablation.

In malignant hemoptysis, chest radiography helps illustrate lunch parenchyma. Aside from
identifying masses and cavitations, radiographs are superseded by multidetector CT (MDCT).
The CT helps visualize abnormal arteries, information which is critical for possible emboliza-
tion. While a diagnostic evaluation as to the source includes these investigational modalities,
emergent bleeding in the ICU deems a patient too unstable for transport. Should the history
and or radiographic imaging not be available, emergent intubation preferably via broncho-
scopy should be completed to isolate the nonbleeding bronchus [18]. Nevertheless, identifying
the cause of hemoptysis in an emergency should overlap the therapeutic interventions and
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must not be a cause of delay. Priority should be taken to identify which lung, or if both, the
bleeding is originating from. Admittedly, a medical history and physical exam is not exten-
sively helpful in identifying the location of bleeding. History should thus be succinct and
oriented at cardiopulmonary, infectious, coagulopathic, and infectious etiologies.

Attention should be paid to any role in coagulopathy reversal, necessity of blood product
transfusion, and assessing oxygenation with blood gas analysis. Moreover, large-volume
hemoptysis is a state of volume depletion, and aggressive intravenous fluid replenishment
should be considered if clinically feasible. Also, there is no optimal ventilator setting for
massive hemoptysis.

3.3. Bronchoscopy

In an emergent setting, patients should be intubated (with a large bore endotracheal tube),
especially if patients will inevitably need bronchoscopy. Bronchoscopic evaluation for
hemoptysis is often laden with blood and/or clots forming debris that requires the intensivist
to retract, clean, and reinsert the bronchoscope. Also, for clearer visualization, large-volume
lavage can risk oxygenation, highlighting the importance of keeping a patient intubated. Both
flexible and rigid bronchoscopies have a role in massive hemoptysis; however, with a rigid
bronchoscope, suctioning capabilities are greater, as are the therapeutic interventions.

Arteriography for persistent hemoptysis is very useful, as embolization of a bleeding artery is
often therapeutic [19, 20]. This is completed by an interventional radiologist in a procedure
suite. If hemoptysis has temporarily ceased, we remind the reader that CT chest imaging is
frequently useful in localizing the source of bleeding. However, patient transfer requires
moderate patient stability and can be time consuming. Tagged red blood cell scanning is not
useful in the emergent setting. Thoracic surgery consultation should be pursued if bleeding
persists despite therapeutic intervention.

Diagnostic bronchoscopy will also aid in identifying any endoluminal/lobar source, thus
dictating the necessary intervention. Should a central bleeding lesion be found during the
initial survey, isolation of the nonbleeding side (as highlighted earlier) is recommended as to
prevent aspiration of blood into normal parenchyma. Insertion of an endoluminal bronchial
blocker (Arndt® Blocker) for initial airway tamponade has utility for prevention of such an
event [21]. Once the endobronchial blocker is inserted, the balloon should be kept inflated for
at least 24 h before assessing rebleeding. In addition to balloon tamponade, other interventions
include cold lavage, cryotherapy, and ablative therapy. Topical vasoconstrictors, such as
epinephrine, can also be applied to help slow bleeding.

Compared to flexible bronchoscopy, the larger lumen of the rigid bronchoscope facilitates a
greater ability to control bleeding while facilitating ablative therapies, and is discussed in a
later section in this chapter (see “Central Airway Obstruction: Immediate Bronchoscopic
Ablative Therapy”). If an endobronchial blocker is not available, direct bronchoscopic-guided
single-lung intubation may be required until further intervention is amenable. This is done by
inserting an endotracheal tube in the main stem bronchus of the nonbleeding lung to wall off
any blood overflow. Double-lumen intubation allows breaths to be ventilated to both lungs
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but is tenuous in the rapidly bleeding airway in which insertion and position maintenance are
difficult to maintain. Interventional pulmonology consultation is recommended for the
aforementioned potential ablative and/or cryotherapy. Transport to the operating room for
rigid bronchoscopy is recommended [21]. As a summation, massive hemoptysis is a life-
threatening clinical presentation that warrants immediate action and a multidisciplinary
approach. Outlook on treatments options would include endoluminal ablation (argon plasma
coagulation or Nd:YAG laser), emergent radiation for distal masses, bronchial or pulmonary
artery embolization, and/or a combination of all.

4. Approach to Central Airway Obstruction

A central airway obstruction is an airflow obstruction either at the trachea, carina, or main-
stem bronchi. For the intensivist, we outline the malignant etiologies, however, there are
benign, traumatic, and iatrogenic (e.g., tracheomalacia) causes as well. Admission into the ICU
due to CAO is frequently due to an acute-on-chronic decompensation of a compromised
airway. Primary lung tumors are the most common causes of central airway obstruction, most
commonly with squamous cell carcinoma followed by adenocarcinoma [22]. Malignant causes
can also be due to endoluminal, metastatic, lymph node, mediastinal, or, less commonly,
nasopharyngeal disease. Further, we will only concentrate on life-threatening acute CAO.
Malignant CAO is primarily palliative in the setting of advanced disease.

The CAO occurs through three basic mechanisms. Simply put, the airway is obstructed either
by direct invasion, compression, or endoluminal disease. A mixed picture is possible as well.
CAO can develop over months to years; however, those that develop acutely can cause
catastrophic outcomes. Patient presentation varies on the degree of obstruction. Significant
obstruction causing enough luminal narrowing to disrupt airflow is the primary reason for the
sensation of dyspnea. Additional signs and symptoms include cough, localized wheezing,
respiratory failure, stridor, and postobstructive pneumonia [23]. Consideration must be made
about tracheal luminal narrowing at the time of symptoms, such that exertional dyspnea occurs
at about 8 mm of narrowing and symptoms at rest occur at 5 mm [22]. Obstruction can occur
in primarily three anatomical variations, defined by the location of mass effect.

One should be prompted to consider CAO in difficult to oxygenate patients with an acute onset
of wheezing, stridor, or tachypnea. Oxygenation and ventilation should be prioritized and
patients must be assessed for the necessity of ventilator support. We recommend pursuit of
the establishment of a secure airway before imaging. If airway obstruction is causing almost
definite respiratory failure, cricothyrotomy, tracheostomy, or retrograde intubation may be
necessary [24, 25]. Often times in the acutely decompensating patient, rigid bronchoscopic
intubation although ideal may not be immediately available. Naturally, larger-diameter
endotracheal tubes are preferred. Fiberoptic intubation may be of role, although availability
is institution dependent [26]. Intervention should thus be focused on airway patency. There is
no role of spirometry in the diagnosis of acute CAO. Also, choice of induction anesthesia is an
important consideration, as a moderate amount of sedation is usually required for rigid
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bronchoscopic intubation. When paralytics or heavy sedatives are used, the already compro-
mised airway can further occlude. Preoxygenation in these instances is of prime importance,
and at times the addition of a mixture of helium and oxygen (known as heliox) as a bridge to
intubation or definitive treatment is useful in providing laminar flow [27]. Overall, we
recommend paralytics be used as a last resort as intubation can be irreversibly compromised
if the airway is lost.

Decompensation could also occur with acute bleeding, swelling and/or additional secretions
occluding an already narrowed lumen. Clinical parameters such as hypoxia and hypercapnia
may not be of much guidance and may misdirect clinicians’ initial index of suspicion.

Although initial evaluation of a patient’s clinical presentation with medical history and
physical exam is pertinent, obtaining relevant imaging in addition to bronchoscopic consid-
eration is central to the management of CAO. Chest radiographs are often the first illustrations
attained but they provide little information to the depth and complexity of obstruction. Chest
CT imaging is the modality of choice for providing detailed anatomical information that plays
a relevant role in formulating a management plan.

4.1. Interventional bronchoscopy

The institutional availability of interventional bronchoscopy is expanding, as is the role in acute
CAO management. Direct bronchoscopic visualization can preclude CT imaging, as direct
visualization may provide an accurate diagnosis and anatomic obstructive characteristics
faster. Not only is bronchoscopy diagnostic, it is primarily considered therapeutic for foreign
object retrieval and suctioning of secretions or blood [28]. Ost et al. demonstrated that
interventional procedures have been shown to have 93% technical success, where 48% of
subjects experiencing improved dyspnea, and a 3.9% complication rate (Table 1) [29].

Malignant Nonmalignant

Primary endoluminal carcinoma
Bronchogenic
Adenoid Cystic
Mucoepidermoid
Carcinoid
Metastatic carcinoma
Bronchogenic
Renal Cell
Thyroid
Sarcoma
Melanoma
Laryngeal carcinoma
Esophageal carcinoma
Tumors of the mediastinum
Lymphadenopathy

Lymphadenopathy
Sarcoidosis
Relapsing polychondritis
Granulation tissue
Hamartomas
Papillomatosis
Airway stents
Artificial airways
Mucus pluging
Blood clot
Granulomatos disease
Goiter
Webs

Table 1. Diseases causing central airway obstruction.

Oncological Airway Emergencies in the Critical Care Unit
http://dx.doi.org/10.5772/65082

9



4.2. Rigid bronchoscopy

A rigid bronchoscope (Figure 1) is pivotal for acute intraluminal CAO for stenting, dilation,
and coring. There are a plurality of techniques and devices available; however, the objective is
universally oriented at airway patency. In addition, interventional procedures for CAO also
provide improvement in palliative symptoms such as exercise tolerance and dyspnea [30]. The
interventional modalities vary depending on institution, available resources, operator prefer-
ences, and location of CAO. Dilation, via balloon or mechanical coring, can be used for both
extraluminal and endoluminal tumor burden. Dilation with a rigid bronchoscope can be
advantageous as it can also be simultaneously utilized for patient intubation. CAO with high
risk of perforation or bleeding may be sequentially dilated.

Figure 1. Rigid Bronchoscope (picture courtesy, Emil Abramian MD).

4.3. Immediate bronchoscopic ablative therapy

Immediate ablation is highly effective at clearing CAO. However, ablation usually requires
coupling with a second intervention, such as stenting. Ablation primarily consists of argon
plasma coagulation (APC) and electrocautery. Extraluminal obstructions are managed with
dilation and stenting. These procedures have been found to have similar outcomes, and
modality is dependent on the proceduralist’s preference [31]. Eventual maintenance of airway
patency is usually obtained by multiple interventional approaches (e.g., tumor coring and
subsequent stenting) [28]. Reopening of the airway (>50%) was achieved in the majority of
cases in a recent multicenter study [29].
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Laser therapy (Nd:YAG, argon, excimer) is a promptly effective therapy for intraluminal CAO;
however, it is not suitable for long lesions (>4 cm). Laser ablation essentially results in de-
struction of the obstructing vascularizing vessels and ends with subsequent obstruction
extraction. Electrocautery is an alternative to laser therapy but the direct thermal administra-
tion causes a risk for airway fire, and is only suitable for endoluminal disease.

Argon plasma coagulation (APC), another noncontact thermal ablative, is highly effective for
vascular lesions with a high tendency to bleed, or those that are nestled in airway bifurcations.
In contrast to laser therapy, argon gas is electrically coupled to create electrical current that
creates target tissue destruction through a grounding principle. As such, flat lesions and lesions
at airway bifurcations that are difficult to visualize are effectively managed with APC. The
naturally coagulant effects of argon are also advantageous for achieving hemostatis. Moreover,
obliteration of granulation tissue surrounding metallic stents is safely approached with APC.
Exercising caution with APC in a patient with high-FiO2 requirements (risk of airway fire) is
recommended.

Risk for airway fire is elevated in patients with FiO2 requirements greater than 40%, and thus
cryotherapy is an advantageous technique for endoluminal obstructions. Cooling agents such
as nitrous oxide and liquid nitrogen are used to repeatedly freeze and thaw tissue, ultimately
rendering tissue nonviable. Also, the resistance of cartilage and fibrous tissue to thermal
conductive effects of cryotherapy accounts for its safety. Efficacy has been shown for reduction
in bleeding and hemoptysis [32]. Effects of cryotherapy, however, are temporary and delayed,
and should not be used in an emergent CAO. Moreover, cryotherapy should not be utilized
for extrinsic compression.

There is no role of photodynamic therapy in emergent CAO management.

4.4. Airway stenting

There are various materials and manufacturers of airway stents. Silicone stenting after an initial
ablative procedure has been shown to safely maintain airway patency [33]. It is preferred over
traditional metal stents that are commonly associated with airway perforation, granulation
tissue formation, and bleeding. Popularly used and commonly known as the Dumon™ stent
(Novatech), named after Jean Francois Dumon, it is a studded silicone stent that comes in a
straight and Y-shaped mold (for saddling on carinal placement). The length and caliber of the
stent is determined periprocedurally and is sized by the operant. Although stents are relatively
thermoresistant and inexpensive, they do have the potential to migrate. Combined silicone
and metal stents, known as hybrid stents, are frequently used but are more expensive. They
combine the benefits of silicone and metal to give optimal compressive resistance while
minimizing granulation tissue and perforation.

Another variant, the radioopaque Polyflex silicone stent (Boston Scientific) has synthetic
threads that allow for stent flexibility and optimal thinness. These stents, however, have a
greater risk of stent migration than the studded Dumon stent [34]. Finally, Dynamic Y stents
are more anatomically forgiving, as they have anterior rings that mimic the tracheal lumen but
the long length can impair mucous clearance. Overall, safety is high for these therapeutic
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interventions and complications such as pneumothorax, airway trauma, infection, stent
migration, respiratory compromise, and death are low [35].

5. Postobstructive Pneumonia

Despite the paucity of literature outlining the management of postobstructive pneumonia, it
is quite frequent in those with bronchogenic carcinoma. Most typically seen with small cell
and squamous cell carcinomas, it can be caused by endobronchial involvement by a tumor or
through extrinsic compression and parenchymal involvement. Other malignant causes include
metastatic colon, breast, and renal cancers. Diagnosis is crucial as one must consider that the
mortality of pneumonia is worse in those with underlying malignancy. Prolonged postob-
structive pneumonia may lead to cavitation and necrosis. The intensivist should have a high
degree of suspicion for postobstructive pneumonia in patients with radiographic evidence of
atelectasis or mucous plugging. Diagnosis should be established and luminal patency should
be estimated via CT imaging or endobronchial ultrasound (EBUS).

Patients with postobstructive pneumonia tend to have a longer duration of pulmonary
symptoms, compared to those with uncomplicated community-acquired pneumonia. Also,
rises in serum biomarkers such as the white blood cell count and procalcitonin are frequently
not be observed. Those presenting with fever, however, have shown to provide greater
bacteriologic yield [36–38]. Mortality, however, is higher [39].

Patients may present with signs and symptoms of septic shock (e.g., hypotension and tachy-
cardia) or can be as uncomplicated as cough or dyspnea. Prior to any intervention, early
antibiotic coverage must be initiated with appropriate coverage for Gram negative bacilli
(Enterobacter cloacae, Aacinetobacter sp, and Pseudomonas aeruginosa), respiratory anaerobes,
Staphylococcus aureus [40]. Patients can also be iatrogenically inoculated through interventional
procedures, such as airway stent placement. The virulence of the inoculum is unclear; however,
they may contribute to impaired innate airway mucous clearance.

The microbiota of postobstructive pneumonia appears to be polymicrobial and isolating an
organism can be difficult. If microbiologic speciation is critical or if infection must be differ-
entiated from alternative pathologic process, bronchoscopic sampling has greater yield than
sputum culture [41]. Tumor debulking and airway reestablishment through interventional
bronchoscopic techniques (argon plasma anticoagulation) help reduce mass effect and
facilitate antibiotic penetration. Although it was studied as a palliative form of tumor burden,
de Aquino Gorayeb et al. were able to demonstrate an improvement in performance status and
postobstructive pneumonia (80% response) to high-dose brachytherapy [42].

If radiographic imaging is unavailable, intraprocedural empiric treatment should be consid-
ered, prior to therapeutic aspiration. Additionally, decanting pus from one airway still may
provide a very brisk systemic response that must be treated aggressively with clinically
appropriate volume resuscitation, in addition to aforementioned antibiotics. Antibiotic
timeline must be tailored to the appropriate organism. The trachea, bronchus, and pulmonary
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parenchyma provide a wide array of complications during the care of an oncologically
critically ill patient. A judicious, yet timely systematic approach will ensure that the above
aforementioned complications can be quickly dealt with.

6. Approach to Pneumothorax

Pneumothorax is defined as air in the pleural space. A common condition observed in the
patients with malignancy and is more attributable to primary lesions than metastatic disease
[43]. Pneumothorax can complicate an already deteriorating patient that may have subtle
findings or can potentially require emergent intervention.

Traumatic

Blunt force

Iatrogenic

Thoracic surgery

Central venous catheter insertion

Transthoracic biopsy

Mechanical ventilation

Spontaneous

Primary

Secondary

Neoplastic (primary or metastatic)

Infectious

Interstitial lung disease (idiopathic, medication induced, radiation induced)

Chronic obstructive pulmonary disease

Cystic fibrosis [45]

Table 2. Classification of pneumothorax.

Here, we classify pneumothorax into primary spontaneous pneumothorax (PSP), secondary
spontaneous pneumothorax (SSP), and traumatic pneumothorax. PSP occurs in patients
without underlying lung disease. Secondary spontaneous pneumothorax is attributable to an
underlying pulmonary disorder. Traumatic pneumothorax can be due to blunt physical trauma
or from iatrogenic causes, such as invasive procedures and radiation therapy. Secondary
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spontaneous pneumothorax has shown an association with higher morbidity and mortality
than primary spontaneous pneumothorax [44] (Table 2).

Iatrogenic pneumothorax is most common in hospitalized patients. Increasing incidence has
correlated with the incidence of invasive diagnostic and therapeutic procedures, such as
transthoracic lung biopsy and central venous catheter (CVC) insertion. Transthoracic needle
aspiration is responsible for 45.7% and CVC in 24.8% [46]. Image guidance with CT for
transthoracic biopsy reduced rates to 20% [47], although rates can vary significantly by
institution. Currently, there is conflicting data whether smaller lesions or those with longer
anatomic depth are associated with higher rates of pneumothorax [48]. As a complication of
mechanical ventilation, pneumothorax carries an increase in morbidity and mortality, and has
the highest risk of pneumothorax in the intensive care unit (ICU), particularly with the use of
positive-end expiratory pressure [49, 50]. Rates of barotrauma have been noted to be as high
as 15% [51].

Secondary spontaneous pneumothorax (SSP) is seen in both primary and metastatic diseases,
regardless of pleural invasion. Tumor pleural involvement can cause cavitation, necrosis, and
subsequent pleural damage. There have been many reports of pneumothorax secondary to
chemotherapy administration [52–54] likely as a consequence of lysis of chemosensitive
lesions.

Tension pneumothorax, as seen with mechanical ventilation or cardiopulmonary resuscitation,
is a medical emergency. The incidence has not been definitively established, and statistical
analysis is in its infancy [55]. Reports in adult ICUs have been as high as 3% [56]. Suspicion for
such should be high when there is patient decompensation after known pneumothorax. It is
suggested that delaying intervention until radiography has contributed to mortality [57]. This
is a medical emergency and requires immediate mechanical decompression even before
confirmation with imaging [58].

Bronchopleural fistula (BPF) is the presence of a significant, persistent air leakage after tube
thoracostomy. Incidence has been reported up to 4.5% [59]. Occurrence of BPF has been
reduced in recent years due to management of patients at risk (e.g., acute respiratory distress
syndrome) with low tidal volume ventilation protocols [60, 61]. Despite this, knowledge of
BPF is necessary for patients with a persistent pneumothorax and/or status post lung resection.

The mechanism involves airway disruption or alveolar rupture and can be due to mechanical
volume overdistension [62, 63], elevated transpulmonary pressures [64], pleural trauma from
an invasive procedure, or spontaneous rupture. Additional causes include inappropriate right
main bronchus intubation and severe sepsis. Animal studies have demonstrated that excessive
volume, rather than elevated airway pressures have been linked to alveolar rupture. Hence
the term volutrauma, as opposed to barotrauma, more appropriately describes alveolar rupture
[63]. Nevertheless, elevated transpulmonary pressures can play a major role in alveolar
rupture [64]. Current recommendations, further outlined under Management, involve low-
volume ventilation (≤6 mL/kg of predicted body weight), close monitoring for auto-PEEP, and
avoidance of excessive hyperventilation [61].
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BPF is necessary for patients with a persistent pneumothorax and/or status post lung resection.

The mechanism involves airway disruption or alveolar rupture and can be due to mechanical
volume overdistension [62, 63], elevated transpulmonary pressures [64], pleural trauma from
an invasive procedure, or spontaneous rupture. Additional causes include inappropriate right
main bronchus intubation and severe sepsis. Animal studies have demonstrated that excessive
volume, rather than elevated airway pressures have been linked to alveolar rupture. Hence
the term volutrauma, as opposed to barotrauma, more appropriately describes alveolar rupture
[63]. Nevertheless, elevated transpulmonary pressures can play a major role in alveolar
rupture [64]. Current recommendations, further outlined under Management, involve low-
volume ventilation (≤6 mL/kg of predicted body weight), close monitoring for auto-PEEP, and
avoidance of excessive hyperventilation [61].
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6.1. Pathophysiology

In a normal lung, negative intrapleural pressure throughout the entire breathing cycle is
maintained in the pleural space relative to the atmosphere, allowing for physiologic lung
expansion, known as elastic recoil [65]. Transpulmonary pressure between lung alveoli and
the pleura is disrupted due to alveolar permeability. This results in permeation of alveolar gas
into low-resistance anatomic surfaces, such as the mediastinum, peritoneum, and pleural
space. On inspiration, air that has translocated from alveoli enters directly to pleural cavity [66].

In tension physiology, once the nidus has occurred, the pleural cavity pressure equalizes with
the chest wall environment causing a reduction of transpulmonary pressure, reducing vital
capacity [67]. In the healthy awake adult, compensatory intrapleural pressures rise in attempt
to compensate for tension pneumothorax. There is significant impairment of this with patients
on mechanical ventilation, who usually are sedated. With positive pressure ventilation,
inspiratory pressures are significantly elevated, creating an exaggerated pressure gradient.
This is worsened from environmental air compressing lung parenchyma and distorting
intrapleural pressure, risking mediastinal shift to the opposite lung and diaphragmatic
depression. Alveoli may leak air into the pleura during inspiration only, creating a one-way
valve effect, causing accumulation of pleural air. Rising pleural pressure can progress to affect
nearby structures, resulting in ipsilateral lung deflation, mediastinal shift, and a rapid
reduction in cardiac output [67].

6.2. Measurement

Assessing the size of a pneumothorax guides practitioners as to pursuing conservative versus
invasive management. Light’s index [68, 69] measures the percentile of pneumothorax:

Light’s index = 100% − (diameter of collapsed lung3/diameter of hemithorax3) (100%). Light’s
index is helpful for quantifying reexpansion of lung after intervention [68, 69].

An alternative method involves measuring the average of the intrapleural distance at the level
of the apical, mid-thorax, and basal levels. According to the British Medical Society, a “large”
pneumothorax is defined as having >2 cm lung margin from the chest wall on roentgenogram
[49]. Those classified as large warrants surgical decompression. It is important to note,
however, that clinical symptoms outweigh measurement indices on interventional decision
making.

6.3. Physical examination

Patients that develop secondary spontaneous pneumothorax present with varying degrees of
severity dependent on the rate and volume of air accumulation, patient’s age, status of
mechanical ventilation, and baseline pulmonary function at the time of diagnosis. Because the
pathophysiology involves a reduction in vital capacity, a predisposed lung can be presented
with dramatic constellation of symptoms. Dyspnea, anxiety, and chest discomfort are common
presenting symptoms [70]. Physical exam findings can include diminished breath sounds,
increased manual percussion resonance on the ipsilateral affected lung, subcutaneous
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emphysema (Hamman’s sign) [71], and tracheal deviation. Clinical signs can include tachyp-
nea, oxygen desaturation, and increased work of breathing.

For the mechanically ventilated, frequent signs of tension pneumothorax include an acute
onset of elevated pulmonary pressures (both peak and plateau) and hypotension [72].
Diagnosis includes obtaining chest radiography, which is demonstrated with a pleural line
that is absent in lung markings beyond the line. However, it may take over 24 h for evidence
after insult. A deep sulcus sign may only be the only radiographic evidence of pneumothorax,
when seen on a supine image. Air collects basally, as opposed to the lung apex, causing a
deepening of the costophrenic angle [73]. Diaphragmatic inversion with tracheal deviation is
suggestive, although not pathognomonic, of tension pneumothorax [72]. Even with anatomic
deviation, appropriate diagnosis was missed approximately half the time [74].

6.4. Management

American College of Chest Physicians (ACCP) guidelines provide recommendations based on
patient stability and size of pneumothorax. Supplemental O2 should be considered universal-
ly [44, 75], with caution taken for patients with chronic obstructive pulmonary disease and a
proclivity to retain carbon dioxide. Small, stable pneumothoraces may be conservatively
observed with appropriate follow up. Large pneumothoraces require hospitalization and
needle or tube decompression.

Supplemental oxygen improves the rate of pleural air resorption through reduction of arterial
nitrogen content. Reduced arterial nitrogen content creates a larger pleural space gradient,
thus accelerating resorption of pleural air [44, 76].

Drainage is usually indicated in most patients with secondary spontaneous pneumothorax
[44]. To further extrapolate indications for drainage, those who have symptomatic “large” SSP
(as outlined earlier), the risk of resolution is outweighed by progressive risk of pleural
compromise, and thoracostomy is warranted [77]. Small SSP (<2 cm from chest wall) can be
managed with small bore chest tube. Asymptomatic patients with <1 cm from chest wall
pneumothoraces can be managed conservatively with supplemental oxygen and serial chest
radiography. Tube thoracostomy, when compared to needle decompression, has shown greater
rate of success [44]. If a needle aspiration yields greater than 2.5 L of air, chest tube is indicated
due to suspected air leak. Intervention can be guided with sonographic or fluoroscopic imaging
if necessary.

Chest tube should be connected to water seal device and may be connected to a one-way
Heimlich valve or low suction to aid reexpansion of lung [44]. Chest tube thoracostomy was
successful in 78.1% of cases, and was not dependent on tube size [46]. If air leak has resolved
and the lung has re-expanded on radiograph at least 12 h after last documented leak, the chest
tube can be clamped, and removed after approximately 24 h [75]. Long term stabilization and
pneumothorax recurrence may warrant intervention for prevention (e.g., pleurodesis) [44].

Persistent air leakage after 4 days of bronchopleural fistula after tube thoracostomy favors
intervention over expectant management for spontaneous closure [44, 75, 77]. If a patient is
mechanically ventilated, it is recommended to reduce tidal volume and airway pressures as
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tolerated, if not already done so [56]. Reducing overdistention of alveoli and development of
intrinsic peep helps reduce transpulmonary gradients. This is achieved through the following
maneuvers: Increasing inspiratory to expiratory ratio (I:E) through inspiratory flow control,
decreasing tidal volume to ≤6 mL/kg predicted body weight, and adjusting the amount of
ventilator driven patient breaths.

Bronchoscopic maneuvers such as deployment of endobronchial stenting, bronchoscopic
valves [78], coiling [79, 80], injection of sclerosant, or laser coagulation has been utilized with
efficacy [81–85].

Possible interventions include video-assisted thoracoscopic surgery (VATS) with mechanical
or chemical pleurodesis, or VATS with resection of blebs. Additional chest tube placement or
bronchoscopic intervention with the intent of sealing air leak is not recommended [75].
Chemical pleurodesis through tube thoracostomy is not recommended as well, although
patients with poor surgical candidacy, current recommendations are talc slurry or doxycycline.
Blood patch pleurodesis has shown outcomes with variable success [86, 87]. This is performed
by instilling the patient’s own venous blood (50-100 mL) into the pleural space through a chest
tube.

Overall recurrence of secondary spontaneous pneumothorax is frequent [49]. We therefore
recommend consideration for recurrence prevention through two options; surgical and
chemical. Surgical options include VATS or open thoracotomy, depending on independent
practitioner preference and patient candidacy. Open thoracotomy has shown lower recurrence
rates but has higher blood loss and longer recovery times, and therefore, VATS with pleural
obliteration is preferred [44, 75, 88]. Pleural obliteration can be achieved through pleurectomy,
talc administration, and abrasion with gauze [89–91]. Chemical pleurodesis through tube
thoracostomy has been shown to reduce recurrence of SSP, however success ranges 78–91%
versus 95–100% with surgical intervention [44].

7. General Approach to Pleural Effusions

Approximately two-thirds of massive pleural effusions are associated with an underlying
malignancy, [92] the majority of which present with 500–2000 mL of pleural fluid accumulation.
Fluid collection can be serous, hematogenous, or serosanguinous. Of all exudative pleural
effusions, pneumonia and malignancy are the two leading causes [93, 94]. In males, lung cancer
is the most frequent metastatic pleural malignancy, breast cancer is most frequent in women
[95, 96], and in up to 15% of cases, is unknown [97]. Often times recurrent, the responsible
mechanism for pleural fluid accumulation is due to hilar and mediastinal lymphatic obstruc-
tion or seeding [92, 98]. Isolation of malignant cells in pleural fluid indicates a malignant
pleural effusion (MPE). The development of hemothorax is due to the role of tumor angio-
genesis, tumor invasion into blood vessels, or direct humoral capillary permeability [99].
Malignant pleural effusion (MPE) is a frequent complication of advanced malignancy, and
carries a poor prognosis, affecting more than 150,000 people annually in the U.S. [100]. Median
survival, depending on underlying malignancy, is less than 6 months once a diagnosis of MPE
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is made [96, 100]. MPE is diagnosed with malignant cells found in pleural fluid, which is often
difficult to obtain. Pleural fluid analysis, in conjunction with the clinical history, is also
sufficient to substantiate a diagnosis. Although in the ongoing years, the Light’s criteria has
faced scrutiny for excluding additional biomarkers (e.g., amylase) and including the closely
correlated serum and pleural fluid lactate dehydrogenase (LDH) [101], it remains the mainstay
of differentiating a transudative versus an exudative pleural effusion.

Light’s criteria deems a pleural fluid as exudative if at least one of the following criteria are
met [102]:

Pleural fluid protein/serum protein ratio greater than 0.5,

Pleural fluid LDH/serum LDH ratio greater than 0.6, or

Pleural fluid LDH greater than two-thirds the upper limits of the laboratory’s normal serum
LDH.

Amylase-rich pleural fluid can be suggestive of acute pancreatitis, esophageal rupture, or
malignancy [103]. Recent studies have suggested that elevated serum lactate dehydrogenase
to pleural fluid adenosine deaminase has been predictive of malignancy [104].

It is important to note, however, alternative causes of large pleural effusions in the setting of
malignancy, such as congestive heart failure, venous thromboembolism, toxic effects of
chemotherapy administration [105], radiation [106], low protein states, and pneumonia.
Cytologic analysis of pleural fluid helps differentiate the underlying cause. Obstruction of the
thoracic duct may also cause chylothorax and is suggested by pleural fluid triglyceride levels
above 110 mg/dL (Table 3) [107].

Straw – Transudative process

Pus – Empyema

Red – Hemothorax

  Pulmonary infarction

  Postcardiac arrest

  Iatrogenic (post procedure)

White – Chylothorax

Black – Aspergillosis

Ammonia – Urinothorax

Table 3. Qualitative description of pleural fluid.

Complicated parapneumonic effusions are often culture negative, have poor response to
systemic antimicrobials, and may be loculated. Diagnosis is through pleural fluid analysis and
utilization of the following criteria: pleural fluid pH less than 7.20, glucose level less than 60
mg/dL, and LDH > 1000 IU/L [108]. Meeting the aforementioned criterion renders a poor
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prognosis [109]. Complicated parapneumonic effusions warrant chest tube placement that
otherwise runs the risk of progression to thoracic empyema [110]. The majority of organisms
isolated through fluid culture or Gram stain consist of staphylococci and anaerobes such as
Fusobacterium, Peptostreptococcus, Bacteroides fragilis, and Prevotella species [111, 112]. Long-term
sequelae of unresolving empyema, hemothorax, and surgical manipulation may result in a
trapped lung. Trapped lung occurs when reexpansion of atelectatic lung is impaired due to a
fibrinous peel overlying visceral pleura, creating a chronic pleural effusion. Lung entrapment,
in turn, is an unexpandable lung due to active malignancy or infection [113, 114]. For patients
with significantly trapped lung, pleurodesis can be deferred.

Chemotherapy associated with large-volume effusions include methotrexate, procarbazine,
cyclophosphamide, mitomycin, bleomycin, and IL-1 (Table 4) [106].

Malignancies associated with malignant

pleural effusions [62]

Indirect causes of pleural effusions

(paramalignant)

Lung 37.5%

Breast 16.8%

Lymphoma 11.5%

Genitourinary 9.4%

GI tract 6.8%

Local tumor effect

Trapped lung

Chylothorax

Lymphatic obstruction

SVC (superior vena cava) syndrome

Pulmonary embolism

Hypoalbuminemic state

Chemotherapy/radiation therapy (incomplete)

Tumor necrosis factor

Interleukin-2

Methotrexate

Bleomycin

Cyclophosphamide

Table 4. Malignant and indirect (paramalignant) causes of effusions.

Severity in symptoms is dependent on residual lung function, acuity in rate of fluid accumu-
lation, and whether or not the patient is on mechanical ventilation. Large pleural effusions are
often symptomatic and results in reduced chest wall compliance and lung volume [115]. These
include orthopnea, cough, dyspnea, and fever. Examination of the affected lung may include
diminished breath sounds, tactile fremitus, and crackles. Tracheal deviation may also be a
presenting finding with larger-volume effusions. Diagnosis of pleural effusion is suspected
with physical examination and confirmed radiographically. Treatment can be either palliative
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or aimed at improving survival. Reaccumulation of MPE can worsen a patient’s symptoms;
however, in asymptomatic individuals, cost, preference, and functional status should be taken
into account.

Diagnostic and therapeutic considerations with large volumes are first achieved with thora-
centesis [116]. Pleural fluid analysis helps determine between transudative or exudative
effusions and may indicate the primary cause [117]. The severity of symptoms and global
prognosis of the patient dictates the necessity of further invasiveness [118]. Recurrence is high
with therapeutic aspiration without pleurodesis incurs a high rate. Thoracentesis is not without
complications, including pneumothorax, empyema, and adhesions [96]. Other procedures
include pleural biopsy, bronchoscopy, pleuroscopy, and video-assisted thoracoscopic surgery
(VATS) with biopsy.

In the setting of clinical acuity, such as hemodynamic compromise, tracheal deviation,
diminishing hypoxemia, or a progressively unstable airway, emergent indication is indicated
for lung reexpansion. Thoracentesis should be performed for relief of symptoms, and chest
tube drainage is recommended for empyema and/or complicated parapneumonic effusions.
If a patient has a very limited lifespan (i.e., <1 month), pleurodesis is less strongly recom-
mended. Aspiration on each occasion should not exceed 1.5 L to avoid reexpansion of
pulmonary edema [119].

Inadequate or improperly draining tubes may warrant decortication. Nearly all patients with
malignant pleural effusion who undergo drainage face recurrence within 30 days [120, 121].
Such patients benefit from pleurodesis, when in consideration of life expectancy. Repeat
thoracentesis is selectively recommended for patients with short life expectancy, as it can lead
to formation of adhesions, mentioned earlier. Repeat aspiration helps palliate symptoms for
the terminally ill, especially with the use of small-bore catheters [122].

Pleurodesis can be done surgically or chemically. Chemical pleurodesis may require a
prolonged hospital stay and carries a small risk of pneumonitis [123]. Thoracoscopic pleurod-
esis is recommended over catheter based [124, 125].

Surgical outcomes are often difficult to achieve due to poor surgical candidacy. Chemical
pleurodesis involves infusion of a sclerosing agent such as talc (poudrage or slurry), 5-FU,
minocycline, bleomycin, and silver nitrate, with talc being the most successful agent for
providing reaccumulation after 1 month [126–128].

Pleurodesis helps achieve lung expansion and reestablishes normal symphysis of visceral and
parietal pleura. The primary mechanism involves inciting a broad spread inflammatory
response, in turn promoting fibrin deposits [129]. Suspected antitumor effects of talc by
induction of apoptosis of cancer cells may also help provide a role in blunting tumor progres-
sion intrapleurally. Bleomycin carries a well-established antineoplastic role [130]. With recent
meta-analyses, both talc poudrage and slurry are equally efficacious with thoracoscopic
technique considered ideal [96].

Alternatives include chronic indwelling catheter placement, which is an increasingly popular
option due to its low risk of infection, displacement, and manageability as an outpatient [131].
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Both talc pleurodesis and chronic indwelling catheters have been shown to be effective initial
treatments for MPE [126]. Indwelling catheters also have a role once a patient develops trapped
lung.

For clinically stable patients with poor response to initial thoracostomy drainage or with
multiloculated effusions, and are poor candidates for surgical intervention, intrapleural tissue
plasminogen activator (tPA) combined with DNase has been a growingly influential therapy,
without additional excess of adverse events [132, 133]. Administration of fibrinolytics or DNase
alone did not improve outcomes [133, 134]. Pleuroperitoneal shunting is an additional option
to consider, especially in patients with trapped lung (Table 5) [100, 109].

Thoracentesis/
thoracostomy

Large pleural effusions. Thoracostomy for chest tube insertion, fibrinolysis, and
pleurodesis.

Pleurodesis Recurrent pleural effusion

Video-assisted
thoracoscopic
surgery (VATS)

Complicated/parapneumonic effusion, pleurodesis, and pleurectomy. Lysis of adhesions,
blebectomy, decortication, lobectomy, and lung volume reduction. Contraindicated in
hemodynamic instability. Less invasive and painful than thoracotomy.

Thoracotomy with
decortication

Major surgery. Full mediastinal visualization. Better for large tumors, close to
mediastinal/vascular structures. Higher risk of complications and estimated blood loss
[101].

PleurX® catheter Can be managed outpatient, role palliative care.

Pleuroperitoneal shunt Exhaustion of alternative options, useful for chylothorax in managing nutritional and
immunologic status.

Table 5. Interventional procedures in management of massive pleural effusion.

8. Approach to Hemothorax

Hemothorax is evident when frank blood is aspirated from pleural space during thoracentesis,
tube thoracostomy, or VATS, and is confirmed when pleural fluid hematocrit exceeds more
than >50% of serum hematocrit concentration. Pleural bleeding can be simplified as being due
to mediastinal or pleural tissue insult. Diagnosis is mainly attributable to mechanical chest
trauma, and its overall incidence has not been well quantified. Nontraumatic hemothorax is
most commonly due to malignancy and is explained by the role of tumor angiogenesis,
invasion into blood vessels, or direct humoral capillary permeability [99]. Not to be confused
with a bloody tap, where the latter instance clears after centrifuge, hemothorax has a propen-
sity to not clot due to continuing defibrination from mediastinal motion. Other causes may be
a consequence of iatrogenic anticoagulation [136], pulmonary embolism causing pulmonary
infarction, or catamenial hemothorax [137, 138]. Surgical manipulation, such as thoracentesis,
bronchoscopic biopsy, mediastinoscopy [139], needle biopsy, and central venous catheter
insertion may also be a cause [140]. Spontaneous hemothorax, i.e., hemothorax without
identifiable cause, is infrequent [141]. Causes are outlined below (Table 6) [75].
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Nontraumatic
  Neoplastic

   Metastatic diseases

   Vascular malignancy

   Bronchogenic carcinoma

   Mesothelioma

   Angiosarcoma

  Coagulopathy

   Anticoagulation

   Thrombocytopenia

   Congenital disorders

 Pulmonary embolism
 Pulmonary infarct
 Vascular

   Arteriovenous malformation

   Aneurysm

   Connective tissue disease

   Aortic dissection

Traumatic
Central venous catheter
Thoracentesis
Transbronchial biopsy
Percutaneous needle aspirate
Pleural biopsy
Thoracic surgery

Table 6. Nontraumatic and traumatic causes of hemorrhagic pleural effusions.

8.1. Imaging

Hemothorax and pleural effusion is not distinguishable on routine chest radiography or
ultrasonography. Presenting history aids index of suspicion helps distinguishing between
hemothorax and pleural effusion. Chest CT imaging blood presents with higher attenuation
than pleural effusion. Later stages of hemothorax can include pleural deposition, thickening,
and loculation [142]. CT imaging is also well associated with determining the necessity of
VATS [143]. Hemopneumothorax is characterized by a pneumothorax with ipsilateral air‐fluid
level. Suspicion for vascular etiologies may warrant CT angiography.

8.2. Management

Outlining the management of a patient with confirmed hemothorax in the intensive care unit
depends on patient stability and prognosis, and spans from supportive care to emergent
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thoracotomy [144]. Goals of care are for blood evacuation to avoid fibrin deposition and
subsequent trapped lung, and the development of empyema [145].

Discontinuation of anticoagulant therapy and correction of any coagulopathy is recommended
if hemothorax is attributable to systemic anticoagulation [145, 146]. Massive hemothorax may
require blood transfusion resuscitation. Blood collection in the pleural space in minimal
amounts may spontaneously reabsorb; however, chest tube drainage is necessary for rapidly
developing hemothorax [27]. Drainage reestablishes parieto-pleural symphysis and creates a
tamponade if the source of bleeding is from pleural rupture. With concomitant pneumothorax,
i.e., hemopneumothorax, drainage is definitively indicated. In contrast to chest tube manage-
ment of spontaneous pneumothorax, large-bore chest tubes should be placed due to the
rapidity of clotting [75, 146, 147].

Thoracotomy is warranted for the hemodynamically unstable and those with massive hemo-
thorax. This constitutes patients with severely rapid exsanguination with retained volume
greater than 500 mL, accumulated output over 1500 mL, or if exsanguination is above 200 ml
per h [139, 148]. Chest tubes can be maintained in the chest wall cavity until the amount of
tube drainage in 24 h is less than 100 mL but removal should not be prolonged to reduce the
risk of infectious inoculation [149]. Residual clotted blood after thoracostomy should be
removed thoracoscopically to reduce the risk of empyema and fibrothorax [150]. Fibrothoraces
that require VATS decortication should be delayed months after initial insult in order to allow
coalescence and stabilization of a fibrin peel [145]. VATS permits safe decortication of adhe-
sions and removal of clotted blood. The role of intrapleural fibrinolytics in the management of
hemothorax is currently in its infancy. VATS has better proven efficacy and shorter Hospitali-
zation stay [135]; however, fibrinolytics are a considerable option when patients are without
underlying coagulopathy but are clinically unstable for VATS [148, 151–153]. Fibrinolytics can
be applied for chemical lysis of intrapleural adhesions, commonly seen with fibrothorax [75].
There is no evidence indicating systemic side effects to intrapleural fibrinolysis. Antimicrobials
early in the treatment of traumatic hemothorax reduce rates of empyema. There is evidence
showing benefit in prophylactic administration spontaneous pneumothorax as well. Initial
antibiotic coverage for empyema should include Staphylococcus and Streptococcus [154].

9. Conclusion

Substantial challenges present themselves in the ICU, with airway compromise being one of
the high priorities. Either caused by primary cancers or secondary metastasis, the upper and
lower airways have very little room for error. Hemorrhaging from or into the nasopharynx,
trachea, and its tributaries can precipitate an inability to ventilate and oxygenate rapidly.
Understanding the anatomical and physiological challenges are the first steps to managing
such complex scenarios. Rapid stabilization with nasal packing and/or protection of ventila-
tory units, via intubation, is an essential task for the intensivist. Subsequently understanding
or having a high index of suspicion as to the origin of respiratory failure helps prevent further
decline in respiratory status. Central airway obstruction requires urgent/emergent advanced
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bronchoscopic evaluation with potential therapeutic intervention. One must be also cognizant
that large pleural effusions (of varying origin) and/or pneumothoraces contribute to the
spectrum of emergencies faced in an oncological critical care unit.
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Abstract

Critical care in the oncology population consists of diverse levels of diseases, syn‐
dromes, and emergencies that are not observed in typical medically‐ill patients and,
with it, comes even more specialized treatment strategies. Therefore, the uncommon or
less  well‐understood  pharmacologic  considerations  in  this  population  must  be
discussed to better assist any clinician at the bedside. This chapter outlines some of the
situations commonly encountered in this setting such as the challenge of treating and
preventing infectious diseases when the patient lacks the ability to mount appropriate
immune responses to conventional therapy, the paradigm of treating thromboembolism
in the group of patients who are at highest risk for both bleeding and clotting and
treatment of acute and long‐term consequences of cancer or chemotherapy requiring
escalation of care to the intensive care unit (ICU).

Keywords: pharmacology, pharmacokinetics, pharmacodynamics, treatment, therapy

1. Introduction

Common diseases and syndromes are identified in intensive care unit (ICU) oncology patients
secondary to the progression of cancer or chemotherapy. Such challenges include frequent
infections, thromboembolism with concomitant bleeding in lieu of sepsis, and toxicity from
chemotherapy, leading to emergent ICU admission. The optimal treatment strategies for these
syndromes become especially challenging in ICU patients with multi‐system organ failure and
tenuous clinical status. Furthermore, specific pharmacologic differences exist not only in ICU
but more specifically in oncology patients. Therefore, we sought to provide clinicians with
information that would help them make the appropriate and safest decisions when selecting
therapy for such critically ill patients.

© 2016 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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2. Antimicrobial therapy in oncology patients with sepsis

“Patients with cancer have a 30% higher risk for death from sepsis which accounts for
approximately 10% of all cancer deaths” [1]. Hematologic cancers (66.4 per 1000) have a higher
mortality rate and are more likely to develop severe sepsis compared to solid tumors (7.6 per
1000). The source of sepsis can be related to the site of the primary tumor as observed in the
frequency with which lung cancer patients acquire respiratory infections or prostate cancer
patients acquire genitourinary infections [1]. Disruption in mucosal and integumentary
systems, neutropenia, cellular and humoral immune dysfunction, splenectomy, presences of
indwelling vascular catheters, and local tumor effects are some risk factors of developing
infection in cancer patients.

It is necessary to understand the preferred regimens so therapy can be tailored to the most
likely source of infection. Furthermore, it is crucial to optimize the pharmacodynamics of
antimicrobials in critically ill oncology patients to augment outcomes. Outlined here are
several of the infectious disease‐related phenomena unique to the critically ill oncology
population including the treatment regimens. Guidelines should be referenced for the
appropriate time to de‐escalate or discontinue treatment regimens. Furthermore, primary
antibiotic choice should be based on local susceptibility patterns and formulary agents.

2.1. Neurosurgical-related bacterial meningitis

Bacterial meningitis is one of the most common CNS infections in hematopoietic stem cell
transplant and neurosurgical patients who are commonly transferred after surgery to the ICU
for continued post‐op monitoring of intracranial pressure (ICP), cerebral perfusion pressure
(CPP), and neurological status. Patients with primary and systemic metastasis from brain
tumors who had neurosurgical procedures account for 25% of cancer patients who develop
CNS infections. Risk factors include barrier disruption, poor wound healing due to radiation
therapy, and those with Ommaya reservoirs frequently used for fluid sampling and chemo‐
therapy. A retrospective study evaluated 146 patients who developed meningitis after
undergoing neurosurgery within 1 year. The most common organisms identified to cause the
infections were Staphylococcus epidermidis (28.1%); Staphylococcus hominis (11.0%); Staphylococ‐
cus haemolyticus (9.6%); Staphylococcus aureus (8.2%); and Enterococcus (8.2%). Propionibacter
acnes is another underappreciated gram‐positive anaerobe bacteria, which is commonly
associated with various types of implant‐associated infections including neurosurgical
shunts. With Propionibacter acnes belonging to the normal skin microbiota, it can easily cause
early shunt infections when theses microorganisms are introduced during surgery [2]. Gram‐
negative bacteria must also be considered in this type of infection with Klebsiella pneumoniae
(7.5%) being the most common, followed by Acinetobacter baumannii (2.1%), Pseudomonas
aeruginosa (1.4%), and Escherichia coli (1.4%). Empiric therapy should consist of a beta‐lactam
antibiotic that has adequate CNS penetration (i.e., cefepime, meropenem, or ceftazidime) in
addition to an agent that covers MRSA (i.e., vancomycin). The agents of choice for the treatment
of specific organisms are listed in Table 1, along with other common fungi known to cause
meningitis in the oncology critically ill patient.
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Organism Primary regimen Alternative regimen

Ampicillin susceptible
Enterococcus species

Ampicillin plus gentamicin –

Ampicillin resistant
Enterococcus species

Vancomycin1 plus gentamicin –

Enterococcus species Ampicillin and
Vancomycin resistant

Linezolid –

Escherichia coli and other Enterobacteriaceae Ceftriaxone or cefotaxime Aztreonam, Ciprofloxacin, meropenem,
SMX/TMP

Listeria monocytogenes Ampicillin or Pen G SMX/TMP,, meropenem

Methicillin susceptible
Staph aureus

Nafcillin or oxacillin Vancomycin1, meropenem

Methicillin resistant
Staph aureus

Vancomycin1 SMX/TMP, Linezolid

Staphylococcus epidermidis Vancomycin1 Linezolid

Streptococcus pneumoniae Penicillin MIC <0.1 µg/mL:
Pen G or ampicillin
0.1–1 µg/mL: ceftriaxone
or cefotaxime
≥2 µg/mL: Vancomycin1

+ ceftriaxone
or cefotaxime

Penicillin MIC <0.1 µg/mL:
ceftriaxone cefotaxime
0.1–1 µg/mL:, meropenem
≥2 µg/mL: moxifloxacin

Propionibacterium acnes Vancomycin1 plus cefepime
Vancomycin1 plus ceftazidime
Vancomycin1 plus meropenem

–

Pseudomonas aeruginosa Cefepime or ceftazidime Aztreonam, ciprofloxacin meropenem
PLUS
Aminoglycoside

Pen, penicillin; SMX/TMP, sulfamethoxazole/trimethoprim.
1 See vancomycin section for dosing.

Table 1. Agent of choice for bacterial meningitis based on culture identification [3, 4].

2.2. Catheter-associated urinary tract infections

Urinary tract infections (UTIs) are frequently encountered in oncology critically ill patients
due to frequent use of indwelling urinary catheters, urological procedures including ureteric
stent placements, neutropenia, and prolonged use of steroids. One hospital evaluated 115
patients with advanced cancer who had positive cultures in an eight (8)‐month period. As the
predominate infection, 61% of UTIs occurred in patients with indwelling catheters. Gram‐
negative organisms were the most common bacteria isolated, and patients receiving cortico‐
steroids had the highest rate of UTIs [5]. One study included 22 patients with malignancy and
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found in 57 original ureteric stents, 25 (44%) had bacterial colonization. Not all colonization
will lead to true UTIs. However, if the urine culture is positive or the leukocyte count is greater
than 30 on urinalysis, then antibiotic use and removal or change of the stent should be
considered due to stent colonization [6]. A lack of strong data exists for initiating prolonged
prophylactic antibiotics after stent placement to prevent such infections. Therefore, it is
important to treat based on whether the patient is symptomatic and an accurate diagnosis of
an active infection. Literature on empiric regimens, specifically in the oncology population, is
unavailable, and therefore, it is recommended a broad‐spectrum beta‐lactam antibiotic be used
with the addition of an antipseudomonal antibiotic if pseudomonas is suspected. Hemody‐
namically stable patients may be candidates for single‐agent therapy such as a fluoroquino‐
lone. Duration of therapy should be based on clinical response with therapy continued for 10–
14 days if response is delayed [7].

2.3. Post-obstructive pneumonia

Post‐obstructive pneumonia is frequently encountered in patients with cancer and can quickly
lead to ICU admission if symptoms become severe. This type of pneumonia is defined as a
“radiographic opacification resulting from complete or partial airway obstruction by a
pulmonary neoplasm” [8]. The findings can be a result of non‐infectious (mucus plugging,
parenchymal inflammation, or tumor) or infectious causes. Patients will often present with
severe cough, wheezing, and dyspnea, but these symptoms can be misleading making it
difficult to determine the need for antibiotic therapy. For example, patients may not have signs
of infection such as fever, chills, and leukocytosis and still have a microbe isolated. More
commonly, an infection is present if the patient has an infiltrate in addition to a fever [8]. The
majority of post‐obstructive pneumonias are polymicrobial caused by Haemophilus influenza,
Klebsiella pneumonia, Enterobacter cloacae, Acinetobacter species, Pseudomonas aeruginosa, Staphy‐
lococcus aureus, and Streptococcus viridans. Management of such infections requires treating the
source of obstruction through interventional bronchoscopy techniques in addition to antimi‐
crobial therapy. Until cultures are identified, a broad‐spectrum gram‐negative agent (i.e.,
cefepime) in addition to MRSA coverage should be initiated based on local susceptibility
patterns. Treatment should be considered for at least 7–10 days, similar to health‐care‐
associated pneumonias and based on patient’s clinical improvement.

2.4. Fever in the oncology patient

In both the critically ill and cancer patient, fever can be a common symptom not always
secondary to infection. Among 371 patients (477 episodes), fever was identified due to non‐
infectious causes in 23% of patients and due to unknown origin in 10% of patients [9].
Non‐infectious causes, independent of tumors, can be related to an allergic reaction, throm‐
boembolism, or an inflammatory disease. Cancer‐related fever is classically associated with
non‐Hodgkin’s and Hodgkin’s lymphoma, leukemia, and solid tumors [10]. A recent study
defined tumor fever as no microbiological, radiological, or clinical evidence of infection
and lack of response to empirical antimicrobial therapy for at least 7 days or experienced a
positive response to a naproxen test. Using this definition, the investigators evaluated the
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role of a procalcitonin (PCT) test for differentiating infectious from non‐infectious fever in
non‐neutropenic patients. The baseline PCT level was not different between those with tu‐
mor‐related fever and blood stream infections. However, there was a statistically significant
difference in the decrease in PCT levels between the two groups in response to antimicrobi‐
als suggesting one method for differentiating fever due to infectious versus non‐infectious
causes [11]. Other sources of fever which must be considered are chemotherapy (azathio‐
prine, hydroxyurea, interleukin‐2, rituximab, and interferon), transfusions, surgery, or pro‐
cedures [9, 10]. Drug‐induced fever is often overlooked and should be highly considered
especially if the fever resolves after stopping the expected culprit. Such medications in the
ICU that should be evaluated in the patient are antimicrobials, succinylcholine or inhaled
anesthetics antipsychotics possibly causing neuroleptic malignant syndrome, or antidepres‐
sants leading to serotonin syndrome [12]. Fever in these patients may not present in any
particular pattern, and signs of infection are attenuated due to the decreased inflammatory
response so fever tends to be the only sign of ensuing infection. Therefore, it is imperative
to identify fever associated with other symptoms such as rigors and chills to suggest an
infectious source and initiate appropriate targeted therapy.

2.5. Vancomycin dosing in oncology patients

Since the 1950s, studies have evaluated the pharmacokinetic (PK) and pharmacodynamic (PD)
profile of vancomycin to determine the best parameter that predicts its efficacy in clinical
practice. National guidelines provide broad recommendations, which should be applied as
the foundation for creating institution level policies [13]. However, they lack recommendations
specific to oncology patients, whose vancomycin PK is greatly altered when compared to the
general population. Furthermore, critically ill patients are subject to frequent alterations in
drug PK due to fluctuations in creatinine clearance, shifting of fluid leading to changes in
volume of distribution, decreased tissue perfusion, and decreased metabolism with organ
dysfunction all of which must be accounted for when dosing antibiotics. Several pharmaco‐
kinetic (PK) studies have shown an increased vancomycin volume of distribution (Vd) and
clearance (Cl) in cancer patients, requiring these patients to receive nearly double the average
dose than patients without cancer (60 vs. 30 mg/kg/day) to obtain therapeutic levels [14]. More
specific data with regards to cancer type or other patient factors contributing to these changes
have not been elucidated.

The PD parameter that best reflects clinical efficacy of vancomycin against S. aureus is
AUC/MIC with a target of ≥400 h [13, 15]. It has been proposed that 3–4 g of vancomycin per
day would be required for 90% probability of attaining an AUC/MIC of 400 h for an MIC of 1
mg/L and ≥5 g per day for vancomycin‐intermediate susceptible S. aureus (VISA) strains [13].
However, readily calculating the AUC/MIC is challenging and cannot easily be performed.
Subsequently, most clinical pharmacists have continued to use trough levels for determining
therapeutic concentrations. Therefore, until more efficient tools are available for applying
pharmacodynamics methods with AUC/MIC, it is suggested that multiple daily doses (three
or four as opposed to two with same total daily dose) may be preferred to achieve target
therapeutic levels in patients with hematologic malignancy and normal renal function [16]. In
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the critically ill patient, vancomycin can be also be effected by augmented renal clearance
(ARC) due to sepsis, trauma, autoimmune disorders, or major surgery. With AUC inversely
related to renal clearance, ARC can extensively impact the PK of vancomycin and lead to
subtherapeutic levels [17]. These combined factors in both oncology and critically ill patients
further support the need for possibly higher doses in this population.

2.6. Extended-infusion beta-lactam therapy

Studies have shown improvement in clinical outcomes (i.e., patient survival and duration of
hospitalization after onset of infection) by optimizing the pharmacodynamics with use of
extended‐infusion (EI) dosing regimens. The best predictor of bacterial killing for β‐lactams is
the time during which the free drug concentration exceeds the MIC of the organism (ƒT > MIC).
Near‐maximal β‐lactams bactericidal effect is typically observed when the free drug concen‐
tration exceeds the MIC for 50%, and 40% of the dosing interval for penicillins and carbape‐
nems, respectively [18–20]. With the increase in resistance among gram‐negative organisms,
optimizing activity of β‐lactam antibiotics through dosing strategies becomes crucial to
preserve clinical efficacy.

Of the most common β‐lactams used in critically ill oncology patients, piperacillin–tazobactam
and meropenem administered via extended infusion are associated with the most positive
clinical outcomes and have a higher probability of achieving target attainment. One retro‐
spective study assessed 194 patients who received 3.375 g IV every 4 or 6 h over a 30‐min
infusion, vs. 3.375 g IV every 8 h over a 4‐h infusion for treatment of P. aeruginosa infections.
Higher mortality and longer length of stay were seen with intermittent infusions (31.6% of
patients) compared to EI (12.2% of patients) in the more critically ill patients. Furthermore, the
Monte Carlo simulation showed the probability of target attainment (PTA) was only 20% with
intermittent infusion vs. 100% PTA with EI at an MIC of 16. With the MIC breakpoint for P.
aeruginosa to PTZ being ≤16/4, it is evident that intermittent infusions may not achieve optimal
levels to be efficacious [18].

Creatinine clearance (mL/min) Dose
Extended infusion

≥20 mL/min 3.375 g (30‐min infusion) × 1 dose STAT
Followed by 3.375 gm IV q8 h via 4 h infusion

<20 mL/min (including IHD/PD) 3.375 g (30‐min infusion) × 1 dose STAT, 3.375 g IV q12 h via 4 h infusion

CRRT 3.375 g (30‐min infusion) × 1 dose STAT, 3.375 gm IV q8 h via 4 h infusion

CRRT, continuous renal replacement therapy; PD, peritoneal dialysis; IHD, intermittent hemodialysis.

Table 2. Extended and conventional Piperacillin‐tazobactam dosing [22].

The use of loading doses prior to initiating extended infusion and time to exceeding the MIC
breakpoint has also been studied. A PK model demonstrated that 90% of the patients would
be expected to have PTZ and meropenem drug concentrations exceed the MIC breakpoint

Oncology Critical Care40



the critically ill patient, vancomycin can be also be effected by augmented renal clearance
(ARC) due to sepsis, trauma, autoimmune disorders, or major surgery. With AUC inversely
related to renal clearance, ARC can extensively impact the PK of vancomycin and lead to
subtherapeutic levels [17]. These combined factors in both oncology and critically ill patients
further support the need for possibly higher doses in this population.

2.6. Extended-infusion beta-lactam therapy

Studies have shown improvement in clinical outcomes (i.e., patient survival and duration of
hospitalization after onset of infection) by optimizing the pharmacodynamics with use of
extended‐infusion (EI) dosing regimens. The best predictor of bacterial killing for β‐lactams is
the time during which the free drug concentration exceeds the MIC of the organism (ƒT > MIC).
Near‐maximal β‐lactams bactericidal effect is typically observed when the free drug concen‐
tration exceeds the MIC for 50%, and 40% of the dosing interval for penicillins and carbape‐
nems, respectively [18–20]. With the increase in resistance among gram‐negative organisms,
optimizing activity of β‐lactam antibiotics through dosing strategies becomes crucial to
preserve clinical efficacy.

Of the most common β‐lactams used in critically ill oncology patients, piperacillin–tazobactam
and meropenem administered via extended infusion are associated with the most positive
clinical outcomes and have a higher probability of achieving target attainment. One retro‐
spective study assessed 194 patients who received 3.375 g IV every 4 or 6 h over a 30‐min
infusion, vs. 3.375 g IV every 8 h over a 4‐h infusion for treatment of P. aeruginosa infections.
Higher mortality and longer length of stay were seen with intermittent infusions (31.6% of
patients) compared to EI (12.2% of patients) in the more critically ill patients. Furthermore, the
Monte Carlo simulation showed the probability of target attainment (PTA) was only 20% with
intermittent infusion vs. 100% PTA with EI at an MIC of 16. With the MIC breakpoint for P.
aeruginosa to PTZ being ≤16/4, it is evident that intermittent infusions may not achieve optimal
levels to be efficacious [18].

Creatinine clearance (mL/min) Dose
Extended infusion

≥20 mL/min 3.375 g (30‐min infusion) × 1 dose STAT
Followed by 3.375 gm IV q8 h via 4 h infusion

<20 mL/min (including IHD/PD) 3.375 g (30‐min infusion) × 1 dose STAT, 3.375 g IV q12 h via 4 h infusion

CRRT 3.375 g (30‐min infusion) × 1 dose STAT, 3.375 gm IV q8 h via 4 h infusion

CRRT, continuous renal replacement therapy; PD, peritoneal dialysis; IHD, intermittent hemodialysis.

Table 2. Extended and conventional Piperacillin‐tazobactam dosing [22].

The use of loading doses prior to initiating extended infusion and time to exceeding the MIC
breakpoint has also been studied. A PK model demonstrated that 90% of the patients would
be expected to have PTZ and meropenem drug concentrations exceed the MIC breakpoint

Oncology Critical Care40

within 6 min if both agents were preceded by a loading dose versus 8 h and 36 min, respec‐
tively, without a loading dose [21]. Therefore, with sepsis guidelines providing evidence to
support a mortality benefit in administering antibiotics within 60 min for patients in septic
shock, a loading dose should be highly considered. Loading doses may be less important for
meropenem and susceptible organisms as optimal drug concentrations were achieved with
any regimen in no later than 36 min [21]. From the evidence outlined, the dosing regimens
for PTZ listed in Table 2 are recommended for critically ill oncology patients.

A retrospective, pre/post‐observation study of intermittent vs. extended‐infusion meropenem
was conducted in hematopoietic stem‐cell transplant patients and those treated with induction
chemotherapy for AML. Meropenem 1 g every 8 h via short 30‐min infusion (SI) was compared
with 1 g every 8 h via extended 4‐h infusion (EI). After 5 days of treatment, therapy was
successful in more cases in the EI group than the SI group (69.4 vs. 40.9%, p = 0.001) [23]. Various
meropenem regimens were also reviewed in a Monte Caro simulation. The probability of
achieving drug concentrations above the MIC for >40% of the dosing interval for Pseudomonas
aeruginosa were 87.9, 93.5, and 96.7% for doses of 500, 1000, and 2000 mg, respectively, and
thus, higher doses may be needed for immunocompromised patients with bacteria exhibiting
higher meropenem MICs (e.g., MIC >4 mg/L) [24]. Minimal evidence is available on the
appropriate dosage adjustments in renal failure. However, one study did evaluate the effects
of augmented renal clearance in critically ill patients on achieving target attainments with
extended‐infusion meropenem (1 g IV every 8 h via 3‐h infusion). Patients with a creatinine
clearance (CrCl) of 50 mL/min had a predicted probability of target attainment of approxi‐
mately 90% which inversely declined with increases in creatinine clearance (ƒT > MIC of ~50
and ~20% at CrCl of 100 and 150 mL/min, respectively). Therefore, critically ill patients who
commonly exhibit augmented clearance should have dosing regimens optimized whenever
feasible with lower doses possibly not considered until the CrCl is less than or equal to 50 mL/
min [25]. Consequently, we would recommend a regimen of meropenem 2 g IV every 8 h via
3‐h infusion for most critically ill oncology patients.

2.7. Treatment of multi-drug resistant organisms

As stated by the CDC, “antimicrobial resistance is one of our most serious health threats” [26].
The rate of infections caused by gram‐negative organisms continues to rise and significantly
contribute to morbidity and mortality worldwide [27]. First‐ and second‐line antibiotics are no
longer effective for such organisms, and thus, efforts to discover and approve new antimicro‐
bials continue to strengthen. The patient populations deemed to be most vulnerable to resistant
organisms are those receiving chemotherapy, recent hospital and intensive care unit admis‐
sion, and those with invasive devices. Due to their frequent exposure to antibiotics and
hospitalizations, risk of acquiring such organisms is significantly increased. Much of the data
for treatment of multi‐drug resistant organisms are based on case studies or retrospective
studies. The multitude of data concerning appropriate treatment options for all multi‐drug
resistant organisms exceeds the capacity of this chapter. Therefore, primary and secondary
regimens for only CRE and ESBL organisms have been described in Tables 3 and 4.
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Infection Regimen options

UTI Ceftazidime/avibactam 2.5 g IV q8 h

Fosfomycin One packet (3 grams) orally q2 to 3 days for 3 doses (can be extended
to 21 days in some cases)

Meropenem IV 2 g q8 h (3‐h infusion)3 plus
Ertapenem 1 g IV q24 h (1 h after meropenem)

Colistin IV1,2,4 plus Meropenem 2 g q8 h (3‐h infusion)3

Bacteremia Colistin IV2,4 plus Meropenem IV 2 g q8 h (3‐h infusion)3

Polymixin B2 plus Meropenem 2 g IV q8 h (3‐h infusion)3

Intra-abdominal Ceftazidime/avibactam 2.5 g IV q8 h plus Metronidazole 500 mg IV q8 h

Colistin IV2,4 plus Meropenem 2 g q8 h (3 h infusion)3

Polymixin B2 plus Meropenem 2 g IV q8 h (3 h infusion)3 plus
Tigecycline 200 mg IV loading dose then 100 mg IV q12 to 24 h if
meropenem MIC >16 mcg/mL and polymyxin B MIC >2 mcg/mL

ASSSI Tigecycline 200 mg IV loading dose then 100 mg IV q12 to 24 h plus Polymixin B2

plus Meropenem 2 g q8 h (3‐h infusion)3

ASSSI, acute skin/skin structure infection; UTI, urinary tract infection.
1 Colistin IV is recommended over Polymixin B for treatment of urinary tract infections based on pharmacokinetic
properties. Urinary concentrations of Polymixin B remain low compared to Colistin due to Polymixin B is eliminated
primarily by non‐renal mechanisms.
2 Refer to references [33] and [96] for appropriate dosing.
3 Monitor patient closely for development of seizures with high‐dose carbapenems.
4 Not recommended for organism with MIC ≥4.

Table 3. Regimens for treatment of CRE by site of infection [25, 28–33].

Antimicrobial Comments

Carbapenem (imipenem,
meropenem, ertapenem)

First‐line agents

Ceftolozane/tazobactam Only indicated for treatment of complicated intra‐abdominal infections and
complicated urinary tract infections including pyelonephritis (in vitro data)Ceftazidime/avibactam (add

Metronidazole for intra‐
abdominal infections)

Tigecycline Only indicated for treatment of complicated skin and skin structure infections,
complicated intra‐abdominal infections, and community‐acquired pneumonia
Limited penetration in urinary tract and blood

β‐lactam/β‐lactamase inhibitor
combinations (amoxicillin‐
clavulanate, piperacillin–
tazobactam, ampicillin‐
sulbactam)

Such agents should be reserved for treatment of ESBL organisms from the urinary
tract with poor efficacy data for other sites of infections due to these organisms

Colistin High‐risk for renal toxicity

Fosfomycin IV formulation not available in the USA
Oral formulation only indicated for UTI

Table 4. Antimicrobial therapy regimens for treatment of extended‐spectrum beta‐lactamases (ESBL) [34–36].
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2.8. Clostridium difficile infection (CDI)

The rates of CDI continue to increase exponentially with strains becoming more virulent and
difficult to treat in addition to more patients becoming colonized. Oncology patients, especially
those with hematological malignancies, are particularly susceptible due to multiple risk factors
such as frequent and prolonged hospitalizations, exposure to multiple courses of antibiotics,
and chemotherapeutic agents. It has even been proposed that chemotherapeutic agents
without concomitant antibiotics have been associated with CDI. Such incidences are most
commonly reported to be caused by methotrexate and 5‐FU. Methotrexate is suspected to cause
severe disruption of intestinal protein metabolism causing a pronounced inflammatory
cytokine response and promoting CDI. Similar effects have been seen due to irinotecan and
topotecan; thus, clinicians should monitor for signs of CDI even after chemotherapy admin‐
istration. Appropriate diagnostic work‐ups with combination testing (i.e., glutamate dehy‐
drogenase followed by confirmatory testing with enzyme immunoassay and quantitative real‐
time PCR) should be performed to differentiate between colonization and true infections
(Figures 1 and 2) [95].

Figure 1. Diagnosis and Treatment of CDI.
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Figure 2. Appropriate C.difficile Testing and Interpretation.

2.9. Intra-abdominal infections

Intra‐abdominal infections in cancer patients are especially common following surgery. One
of the high‐risk procedures being performed in several oncology centers is hyperthermic
intraperitoneal chemotherapy (HIPEC) which can be associated with severe complications
such as peritonitis. These patients are often transferred to the ICU for post‐op monitoring and
thus the ICU becomes the unit where such infections are managed. A retrospective study noted
9% of 52 patients required reoperation for post‐operative peritonitis following complete
cytoreductive surgery (CCRS) combined with HIPEC. The infections were most frequently
caused by E. coli in 5 samples (71%) and Enterobacter species in two samples (29%), with seven
of the nine bacteriological species being multi‐drug resistant. Unfortunately, this is only one
of the many intra‐abdominal infections these patients can experience.

In the elderly population (>65 years), it was noted that the spectra of diseases that cause intra‐
abdominal sepsis are different from younger populations. The most common types in the
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elderly were diverticulitis, cholecystitis, cholangitis, and perforation of the colon from
obstructing adenocarcinoma. Advanced tumors leading to perforation and then abscesses or
peritonitis have been reported as frequently as 2.6–10%. This can quickly lead to severe sepsis
or septic shock that requires management in the ICU. The common offending organisms
identified are those of the gastrointestinal tract, Enterococcus species, Candida species, Staphy‐
lococcus epidermidis, E. coli, Enterobacter species, B. fragilis, and Pseudomonas species [40]. There
are no guidelines available for recommendations on antimicrobial therapy specific to critically
ill oncology patients, and therefore, it is recommended that combination therapy is initiated
with a broad‐spectrum agent with anaerobic coverage, a second gram‐negative agent with
activity against Pseudomonas aeruginosa if suspected, and an antifungal agent with activity
against Candida glabrata.

Per IDSA guidelines, it is recommended that intravenous (IV) metronidazole is added to vanco‐
26mycin oral only in the “severe, complicated” cases defined by hypotension, shock, the
presence of an ileus, or megaco‐27lon, and not in “severe” cases (white blood cell (WBC) count
of ≥15,000 cells/mL or serum creatinine ≥1.5 times base‐28line) [37]. A recent retrospective,
observational study evaluated mortality amongst critically ill patients who received 29 oral
vancomycin vs. oral vancomycin with IV metronidazole defined by primarily clinical criteria.
A total of 88 pa?30tients were evaluated including 23 immunocompromised patients. Mortality
were found to be significantly better in31the combination therapy group, compared to the
monotherapy group (36.4 vs. 15.9%, p = 0.03). This suggests the need32to further consider the
true definition of “severe disease” vs. “critically ill” and whether selection of therapy should
be33based on clinical criteria in addition to laboratory data. The study design cannot defini‐
tively provide support for all34critically ill patients receiving combination therapy; however,
it does propose that IV metronidazole in addition to van‐35comycin should be considered in
the most severely ill patients [38]. Per IDSA guidelines, it is recommended that intravenous
(IV) metronidazole is added to vanco‐26mycin oral only in the “severe, complicated” cases
defined by hypotension, shock, the presence of an ileus, or megaco‐27lon, and not in “severe”
cases (white blood cell (WBC) count of ≥15,000 cells/mL or serum creatinine ≥1.5 times base‐
28line) [37].

The administration of probiotics is also a common topic amongst patients who are on pro‐
longed antibiotic2therapy for primary or secondary prevention of C. difficile. As IDSA
guidelines recommended in 2010, there are limited3data to support its use and potential risk
for bloodstream infections [37]. A report released by the World Health Organ‐4ization (WHO)
noted probiotics may be theoretically responsible for four types of side effects: (1) systemic
infections,5(2) deleterious metabolic activities, (3) excessive immune stimulation in susceptible
individuals, and (4) gene transfer.6There have been several case reports of infections caused
by organisms consistent with probiotic strains including but7not limited to Saccharomyces
boulardii, Lactobacilli, Lactobacillus acidophilus, and Lactobacillus casei [39]. Due to the use
of8probiotics remaining controversial and with the lack of clinical trials to confirm the safety
of these products, clinicians9are advised to remain cautious when using such products in
immunocompromised patients, including those started on 10 corticosteroids, which is
common in ICU patients [39].
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Empiric regimens for necrotizing fasciitis

Primary regimen Alternative regimen

Piperacillin–tazobactam extended infusion

(preferred) or intermittent infusion plus

vancomycin1

Levofloxacin plus (clindamycin or metronidazole) plus aminoglycoside

Imipenem‐cilastatin

Meropenem

Ertapenem

Cefotaxime plus metronidazole or

clindamycin

Regimens based on culture data

Streptococcus Penicillin plus clindamycin

Clostridium species

Aeromonas hydrophila Doxycycline plus (ciprofloxacin or ceftriaxone)

Vibrio vulnificus Doxycycline plus (ceftriaxone or cefotaxime)

Gram‐negative organisms Based on local susceptibility (Carbapenem for ESBL‐producing

organisms)

1 See vancomycin section for dosing.

Table 5. Treatment regimens for necrotizing fasciitis [44].

2.10. Skin and soft tissue infections

Chemotherapy, radiation, and multiple surgical procedures place oncology patients at risk
for developing skin and soft tissue infections. One particularly lethal skin infection that re‐
quires immediate transfer to the ICU is necrotizing fasciitis (NF) which has been more com‐
monly associated with certain debilitating conditions such as immunosuppression. No true
risk factors have been delineated, and the cause of ≥20% of necrotizing soft tissue infections
is idiopathic making it challenging to determine precipitating factors. The onset and pro‐
gression of signs and symptoms are rapid especially with Group A Streptococcus or Clostridi‐
um making it crucial that both surgical intervention and antibiotic intervention are
considered immediately when suspecting NF [41]. In a retrospective review with 8534 hem‐
atological malignancy patients, nine (9) were diagnosed with NF. Interestingly, pathogens
isolated were all gram‐negative organisms (Salmonella, Vibrio vulnificus, Aeromonas, ESBL
Klebsiella, ESBL Escherichia coli, and Enterobacter cloacae) [42]. Another case report was pub‐
lished of a febrile neutropenia patient with myelodysplastic syndrome (MDS) that experi‐
enced a blunt injury to the left upper extremity. This resulted in rapid progression of the
wound with fluid accumulation that extended from the left upper arm to the proximal medi‐
al forearm. All blood cultures revealed S. maltophilia, and the patient was treated both surgi‐
cally and with IV trimethoprim/sulfamethoxazole [43]. Although group A Streptococcus has
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most commonly been known as the leading cause of NF, more than one retrospective review
has identified gram‐negative NF associated with malignancy making it imperative for clini‐
cians to consider broad‐spectrum antibiotics that adequately cover for possible resistant or‐
ganisms as shown in Table 5 [42].

Another common skin infection in oncology patients known to be closely related to lymphe‐
dema is cellulitis. Unfortunately, every incidence of cellulitis can further damage the lymphatic
system which in turn leads to secondary episodes of lymphedema. Due to the protein‐rich
lymphatic fluid which accumulates due to impaired drainage, bacteria can easily invade such
areas and cause local cellulitis infections. Therapy should be directed at likely organisms
such as streptococcus and patients with three to four episodes per year of recurrent cellulitis
should be considered for prophylactic antibiotics (~4–52 weeks) [44, 45]. As suggested by IDSA
guidelines, non‐purulent soft tissue skin infections in immunocompromised patients are
categorized as “severe” and should be considered for broader therapy with piperacillin–
tazobactam plus vancomycin [44]. Purulent skin and soft tissue infections should undergo
incision and drainage with the addition of antibiotics (Figure 3).

Figure 3. Treatment Algorithm of Recurrent Episodes.

The ideal treatment options for the numerous infections that oncology critical care patients
encounter have yet to be defined. Subsequently, therapy should always be optimized with
respect to pharmacokinetic and pharmacodynamic properties of antimicrobials when regi‐
mens are selected. It is also well understood that therapy is often most aggressive in the
immunocompromised and severely ill population. Therefore, side effects and toxicities of all
agents must be weighed against efficacy to ensure safety is not compromised.
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3. Prophylactic and therapeutic anticoagulation

3.1. Epidemiology

It is well known that the risk of thrombosis in oncology patients far exceeds the risk encoun‐
tered by those without a cancer diagnosis. Thrombosis accounts for 10% of fatal events in
oncology patients, making it the second leading cause of death in this patient population.
Patients with cancer experience between a twofold to 20‐fold increased risk of developing
venous thromboembolism (VTE), which is most likely to occur within the first six months of
cancer diagnosis [46, 47]. Patients diagnosed with cancer of the pancreas, stomach, colon, brain,
lung, and ovaries are at higher risk of developing VTE in addition to treatment with antian‐
giogenic agents, such as thalidomide and lenalidomide used in multiple myeloma [46–49].
Unfortunately, this VTE risk is only further exacerbated in critically ill ICU patients. It has been
noted that the incidence of deep venous thrombosis ranges from 28 to 32% in general medical
ICU patients with nearly 95% being clinically silent [50]. One single‐center prospective cohort
identified four risk factors for ICU‐acquired VTE including personal or family history of VTE,
end‐stage renal failure, platelet transfusion, and vasopressor use [51]. Catheters may be subject
to thrombotic events, leading to pulmonary embolism in 10–15% of patients and loss of access
in 10% of patients [52]. Such complications place a patient in danger of the effects of VTE and
impede cancer‐directed therapy, enabling progression of the disease.

Not only do VTEs affect a patient’s cancer prognosis, but they also increase the risk of com‐
plications, such as bleeding, which is 2.5 times more likely to occur in oncology patients
receiving anticoagulant therapy within the first year of VTE [46, 48]. Unfortunately, this does
not preclude patients from being at risk for recurrence of thrombosis during anticoagulant
therapy. Thrombosis during anticoagulant therapy occurs in 6–17% of cancer‐related VTE,
nearly three times higher than in non‐oncology patients with a history of thromboembolism
[46–48]. Given the increased risk of VTE in oncology patients contributing to morbidity and
prolonged hospitalizations, it is important to adequately understand the options available for
treatment and the recommended guidelines for the use of such medications in an oncology
population.

3.2. Thromboprophylaxis and first-line treatment

Several well‐published guidelines provide recommendations for prophylaxis and treatment
of thrombosis in oncology and ICU patients, all of which have slightly different suggestions
for appropriate therapy. Thus, it was necessary to provide summaries for several of these
publications to allow clinicians to consider multiple view points and make the best clinical
decision. Recommendations only applicable to the critically ill oncology population are
provided for thromboprophylaxis, treatment of established VTE, and recurrence manage‐
ment in Tables 6–8. Additionally, per CHEST guidelines, mechanical prophylaxis alone should
be considered only in ICU patients at high risk of bleeding with pharmacologic agents resumed
when such bleeding risks are resolved [55]. Combination of pharmacologic and mechanical
modalities should be considered in all patients as a meta‐analysis published in the Cochrane
Library suggested the combination was superior to either alone [58].
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Criteria Prophylaxis options

Non-surgical

General ICU or hospitalized patients with active

malignancy

and acute medical illness or reduced mobility. (Not

routinely recommended for patients admitted for

minor procedures, short chemotherapy infusion, or

patients undergoing stem‐cell/bone

marrow transplantation)

Unfractionated heparin 5000 units SQ q8 h

Dalteparin 5000 SQ units daily

Enoxaparin 40 mg SQ daily

Fondaparinux 2.5 mg SQ daily

Surgery

All patients with malignant disease undergoing major

surgical intervention unless contraindicated because

of active bleeding or high bleeding risk.

Unfractionated heparin 5000 units 2–4 h preoperatively and

once q8 h thereafter or 5000 units 10–12 h preoperatively and

5000 units twice daily thereafter

Prophylaxis should be continued for at least 7–10

days in patients undergoing major surgery, and up to

4 weeks in patients receiving major abdominal and

pelvic surgery with high‐risk factors such as restricted

mobility, obesity, history of VTE, or with additional

risk factors noted in ASCO guidelines.1

Dalteparin 2500 units SQ 2–4 h preoperatively and 5000 units

SQ daily thereafter or 5,000 units SQ 10–12 h preoperatively

and 5000 units SQ once daily thereafter

Enoxaparin 20 mg SQ 2–4 h preoperatively and 40 g daily

thereafter or 40 mg SQ 10–12 h preoperatively and 40 mg SQ

once daily thereafter

LMWH or UFH commenced Fondaparinux 2.5 mg SQ daily beginning 6–8 h post‐

operatively

Post‐operatively for the prevention of VTE in

oncology patients undergoing neurosurgery.

Additional recommendations for when to initiate prophylactic

therapy post‐surgery is available through NCCN guidelines

UFH, unfractionated heparin; LMWH, low molecular weight heparin; VTE, venous thromboembolism; SQ,
subcutaneous.
1 Multiple risk assessment models have been proposed but yet to be validated before strong recommendations are
made for inpatient screening. ASCO guidelines should be referenced for predictive models.

Table 6. Thromboprophylaxis [52–56].

Criteria Treatment options

LMWH is preferred over UFH for the initial 5–10 days

of anticoagulation for VTE in patients without

renal impairment (CrCl <30 mL/min)

Unfractionated heparin 80 units/kg IV bolus, then

18 U/kg per h IV; adjust dose based on aPTT

Dalteparin 100 units/kg SQ q12 h or 200 units/kg SQ daily

Enoxaparin 1 mg/kg SQ q12 h or 1.5 mg/kg daily

Fondaparinux <50 kg: 5 mg SQ daily

50–100 kg: 7.5 mg SQ daily

>100 kg: 10 mg SQ daily
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Criteria Treatment options

For long‐term anticoagulation (at least 6 months),

LMWH is preferred over VKAs (VKA is acceptable if

LMWH is not available)

Dalteparin 200 units/kg SQ daily for 1 month, then 150

units/kg SQ daily

Consider anticoagulation beyond 6 months for

patients with active cancer (metastatic disease) or

those receiving chemotherapy

Enoxaparin 1.5 mg/kg SQ daily or 1 mg/kg once q12 h

For catheter‐associated thrombosis, anticoagulate as

long as the catheter is in place for at least 3 months

Warfarin Adjust dose to maintain INR 2–3

Consider insertion of vena cava filter in patients with contraindications to anticoagulant therapy or as adjunct to

anticoagulation in patients with progression of thrombosis.

Use of novel oral anticoagulants for either prevention or treatment of VTE in patients with cancer is not formally

recommended by national guidelines at this time.

CrCl, creatinine clearance; UFH, unfractionated heparin; LMWH, low molecular weight heparin; VKA, vitamin K
antagonist; VTE, venous thromboembolism.

Table 7. Treatment of newly established VTE [52–54, 57].

Treatment patient was receiving

when recurrence of VTE

diagnosed   

Secondary treatment options

VKA LMWH6 or fondaparinux or UFH

LMWH Increase the dose of LMWH dose in patients treated with LMWH

Consider twice daily dosing if patient experiences recurrent VTE while

receiving once‐daily dosing of LMWH

UFH LMWH or fondaparinux

Increase dose of UFH

Failure of any agent Consider placement of an inferior vena cava filter

UFH, unfractionated heparin; LMWH, low molecular weight heparin; VKA, vitamin K antagonist; VTE, venous
thromboembolism.

Table 8. Treatment of VTE recurrence in oncology patients receiving anticoagulation [52, 54].

3.3. Direct oral anticoagulants (DOACs)

Alternatives to treatment include new, direct oral anticoagulants (DOACs) dabigatran,
rivaroxaban, apixaban, and edoxaban. Limited research has been conducted on their use in
patients with cancer and the critically ill population [47]. While the standard approach to
treating VTE is currently with use of LMWH or fondaparinux followed by warfarin, DOACs
simplify anticoagulation therapy as they are administered in fixed doses and do not require
routine monitoring [59, 60]. Warfarin therapy, though effective, is accompanied by burdensome
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disadvantages, including constant monitoring due to the small therapeutic window and
multiple drug interactions [60]. Large clinical trials have proven the DOACs to be non‐inferior
to LMWH/warfarin therapies in efficacy, are associated with fewer bleeding events, and have
fewer food/drug interactions [60, 61]. Although the Food and Drug Administration (FDA) has
approved rivaroxaban, apixaban, dabigatran, and edoxaban in the USA, the use of DOACs is
not formally recommended in oncology patients due to limited clinical data [61]. Furthermore,
the use of DOACs especially in ICU should be considered only for those patients who are
clinically stable and are not scheduled to have a procedure in the ICU. Despite the lack of
randomized trials, many clinicians are beginning to incorporate such oral agents into long‐
term treatment options for oncology patients due to their ease of administration compared to
warfarin and LMWH.

Rivaroxaban is a direct factor Xa inhibitor and was the first DOAC approved by the FDA in
2012 [61–63]. It is contraindicated with inhibitors of CYP3A4 and P‐glycoprotein including
ketoconazole and ritonavir due to increased plasma drug concentrations [62]. Two non‐
inferiority studies that included patients with cancer, proved rivaroxaban equally as effective
as LMWH/warfarin therapy with similar rates of bleeding [61, 63]. Recurrent VTE occurred in
3.4% of oncology patients treated with rivaroxaban compared to 5.6% of oncology patients
with enoxaparin/VKA therapy [63]. One concern with rivaroxaban in critically ill oncology
patients is that doses of 15–20 mg must be taken with food to optimize bioavailability. This is
often difficult in an oncology population known to have poor appetites and inadequate oral
intake. The tablets can be crushed and administered via nasogastric feeding tubes; however,
administration via this route must be followed by enteral feedings to optimize absorption.
Furthermore, administration through feed tubes placed distal to the stomach will decrease
absorption of rivaroxaban [63].

Apixaban, a direct factor Xa inhibitor, was approved by the FDA in 2014 [61]. Similar to
rivaroxaban, apixaban is contraindicated with CYP3A4 inhibitors due to increased plasma
drug concentrations [62]. In the double‐dummy, double‐blind AMPLIFY trial, apixaban was
proven non‐inferior compared to standard anticoagulation therapy (LMWH/warfarin) for
incidence of recurrent VTE, and major bleeding events occurred less frequently with apixaban
[61]. In the AMPLIFY‐EXT trial, long‐term anticoagulation for approximately 1 year with
apixaban was evaluated in patients who had already been treated for DVT and/or PE for six
to 12 months. Compared to placebo, apixaban was superior in preventing recurrent VTE and
all‐cause death. One additional compelling study evaluating patients with non‐valvular atrial
fibrillation was able to prove that apixiban 5 mg twice daily compared to aspirin 81–324 mg
daily showed significant reduction in stroke and systemic embolism in addition to lower rates
of bleeding. The AMPLIFY and AMPLIFY‐EXT included a small portion of oncology patients
(3.1 and 1.7%, respectively) in which recurrent VTE and major bleeding events occurred about
half as frequently in the apixaban group compared to oncology patients treated with enoxa‐
parin/warfarin [64]. Apixaban is further advantageous in ICU patients at risk of multi‐system
organ failure as it does not require renal or hepatic dosage adjustments.

Dabigatran, a direct thrombin inhibitor, was approved by the FDA in 2014 [61]. Dabigatran
proved non‐inferior in efficacy and had similar bleeding risks compared to warfarin in the
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double‐blind, double‐dummy RE‐COVER and RE‐COVER II studies [61]. When compared to
enoxaparin, rivaroxaban, and apixaban, efficacy was similar but bleeding risks were signifi‐
cantly higher with dabigatran. A meta‐analysis comparing trials of these DOACs found that
major bleeding risk was lower in those using apixaban than users of dabigatran and edoxaban
[65]. Aside from the higher bleeding risk, clinicians should be cautious with its use in the
oncology setting as it has a long half‐life and requires discontinuation of therapy at least 1–2
days prior to surgery or even as early as 3–5 days for those with a CrCl <50 mL/min. The oral
anticoagulant is not recommended for most indications in patients with a CrCl <30 mL/min
and must be adjusted if administered with specific P‐gp inhibitors. Due to multiple safety risks,
the use of dabigatran in the oncology setting has fallen out of favor and caution is advised
when treating patients who arrive to the ICU on chronic dabigatran therapy.

Few national guidelines have incorporated these agents into recommendations for treating
VTE; however, a recent meta‐analysis of five randomized controlled trials did prove that
DOACs are comparable to VKA (warfarin) therapy in treating cancer‐related VTE, which
makes this class of anticoagulants promising in the future [61]. Unfortunately, the DOACs still
face one major concern: managing real‐world DOAC‐associated bleeding, as no antidote is
currently FDA‐approved for these agents. Some guidelines make recommendations for
managing DOAC‐associated bleeding events, but the principles are based on laboratory, not
clinical parameters [60]. Further research is needed to validate the use of DOACs in VTE
treatment, especially in an oncology population.

3.4. Bleeding and thrombocytopenia

Thromboprophylaxis significantly reduces the rate of symptomatic VTE and is important for
improving the quality of life in oncology patients, but it is associated with an increased risk of
bleeding especially in ICU patients with coagulopathies abnormalities from sepsis and organ
failure [48]. In patients with a high risk of bleeding who experience acute proximal DVT or PE,
anticoagulation therapy may not be appropriate. The American College of Chest Physicians
(ACCP) advises placing an IVC filter in this situation [61].

One common risk for bleeding in oncology critically ill patients is thrombocytopenia secondary
to chemotherapy, blood loss during surgery, toxins including other drugs, macrophage‐
activation syndrome, disseminated intravascular coagulopathy, and massive transfusions.
Anticoagulation therapy should be pursued if the platelet count remains above 50 ×109, and
platelet transfusions should be considered during the high‐risk period of recurrence in order
to provide full anticoagulation therapy. Furthermore, it is crucial to delineate whether the cause
of thrombocytopenia is related to consumptive coagulopathy that can continue to worsen over
several days or if the decrease in platelets is only an acute change due to a single event such
as surgery, which is likely to resolve quickly [66]. This approach can help determine the
appropriate course of action such as reducing the dose of LMWH by 50% if the platelet count
is between 25 and 50 × 109 and cannot be sustained by transfusions or if all anticoagulants
should be held with the risk of bleeding exceeding the risk of clotting [47].
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4. Adverse effects of anticancer therapy leading to emergent ICU
admissions in the adult population

Patients with malignancies are at risk for acute life‐threatening illnesses that require intensive
care unit (ICU) admission. Leukemia and lymphoma are the most common hematologic
cancers encountered in the ICU, and lung cancer is the most common solid tumor encountered
in adults [67]. In addition, as many as 40 percent of allogenic hematopoietic cell transplant
(HCT) recipients develop one or more complications where transfer to the ICU is necessary
[68]. Indications for ICU admission in oncology patients include decompensation secondary
to progression of the cancer, treatment‐related side effects, or comorbid illnesses.

Patients whose survival rates remain marginally low include allogeneic bone marrow trans‐
plant recipients with severe GVHD unresponsive to immunosuppressive therapy, patients
with multiple organ failure related to delayed ICU admission, and specific clinical vignettes
in patients with solid tumors [69]. They are exposed to individual or combination chemother‐
apy regimens with the intention of cure or remission but not without risk for developing acute
or long‐term side effects requiring escalation of care. The following are only a few of the many
anticancer therapy‐related AEs, and oncology patients may experience resulting in ICU
admission.

4.1. Tumor lysis syndrome (TLS)

TLS is an oncologic emergency caused by massive tumor cell lysis with the overwhelming
release of intracellular contents (potassium, phosphorus, and nucleic acids) into the systemic
circulation. In turn, the kidneys are overwhelmed due to the rapid influx of these contents and
inability to excrete them efficiently. This can cause potentially life‐threatening metabolic and
electrolyte abnormalities which can require a patient to be transferred to an ICU for more
appropriate management [70]. The four key electrolyte abnormalities are hyperuricemia (uric
acid >8 mg/dL), hyperphosphatemia (phosphate >4.5 mg/dL), hypocalcemia (total serum
calcium <7 mg/dL), and hyperkalemia (>6 mmol/L).

TLS manifestations may occur before initiation of chemotherapy but are usually observed
within 12–72 h after therapy begins and may persist for 5–7 days post‐therapy. TLS occurs most
frequently after the initiation of cytotoxic therapy in patients with highly aggressive lympho‐
mas (Burkitt subtype) and acute lymphoblastic leukemia (ALL). TLS may also occur sponta‐
neously and/or in other tumor types that have high proliferation rate, large tumor burden
(reflected by serum lactate dehydrogenase levels), or high sensitivity to cytotoxic therapy.
Common anticancer agents associated with TLS are listed in Table 9.

The Cairo‐Bishop grading system is used to classify and grade TLS. TLS is diagnosed by
Laboratory Tumor Lysis Syndrome (LTLS) or by Clinical Tumor Lysis Syndrome (CTLS). A
retrospective analysis of 772 consecutive acute myeloid leukemia (AML) patients receiving
induction chemotherapy concluded clinical TLS (not laboratory) was associated with a
significantly higher risk of death during induction therapy (30 out of 38 patients; 79 vs. 23%
of those patients without evidence of clinical TLS) [70]. The risk for developing TLS is stratified

Pharmacologic Considerations in Oncology Critical Care
http://dx.doi.org/10.5772/64599

53



as low, intermediate, and high risk with treatment strategies varying by each level of risk
shown in Table 10. Those in the high‐risk category strongly need aggressive intervention, and
those in the low‐risk category might need only observation, but the classification and treatment
approach for the intermediate‐risk patients is not as clearly defined.

Continuous hydration is the cornerstone of TLS prevention and is recommended prior to
therapy in all patients that fall into the intermediate‐ or high‐risk category. The goal is to
improve renal perfusion, to improve glomerular filtration rate, and to produce a high urine
output to lessen the likelihood of uric acid or calcium phosphate from precipitating in the renal
tubules. It is imperative to use cautiously in patients with underlying kidney injury or cardiac
dysfunction. The following are key points of this section [72–76]:

• Begin continuous hydration ideally 2 days before chemotherapy is to be given. Continue
therapy during chemotherapy administration and 2–3 days after chemotherapy completion.
Vigorous hydration (intermediate and high risk) consists of 2–3 L/m2/day IV solution
consisting of 0.225%NS + D5W, with a urine output goal of 80–100 mL/h

• To enhance renal excretion, consider furosemide 20–40 mg IV push to maintain urine output
>100 mL/m2/h or 2 mL/kg/h. Diuretic use is contraindicated if the patient has evidence of
acute obstructive uropathy or hypovolemia. Potassium must also be closely monitored due
to furosemide’s ability to increase renal excretion of this electrolyte.

• The role of urinary alkalization with either acetazolamide and/or sodium bicarbonate is a
controversial issue; therefore, use of sodium bicarbonate is only indicated in patients with
metabolic acidosis [70].

Bendamustine Ibrutinib

Bortezomib Imatinib

Brentuximab Vedotin Lenalidomide

Carfilzomib Mechlorethamine

Cetuximab 6‐Mercaptopurine

Cisplatin Nilotinib

Cytarabine Obinutuzumab

Dasatinib Omacetaxine

Daunorubicin Paclitaxel

Doxorubicin Rituximab

Epirubicin Romidepsin

Etoposide Thalidomide

Fludarabine Vincristine

Table 9. Anticancer agents associated with tumor lysis syndrome (TLS) [71].
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Risk category1 Treatment options

Low‐risk patients • Observation

• Normal hydration with IV fluids

• Monitor laboratories once daily throughout chemotherapy, then as clinically indicated post‐
treatment manage fluid and electrolyte abnormalities

• +/− Allopurinol

Intermediate‐risk
patients

• Vigorous hydration and inpatient monitoring

• Initiate allopurinol or rasburicase if uric acid >7.5 mg/dL (Some practices report administering a
single dose of rasburicase in this setting, which is a reasonable alternative)

• Monitor laboratories every 8–12 h throughout chemotherapy, then as clinically indicated post‐
treatment

• Initiate rasburicase

High‐risk patients • Increase hydration and maintain urine output

• Cardiac monitoring

• Initiate rasburicase for 1 dose and repeat only if uric acid ≥7.5 mg/dL

• Monitor laboratories every 6–8 h throughout chemotherapy, then every 1–2 days post‐treatment
and as clinically indicated

• Manage fluid and electrolyte abnormalities

• Consult nephrology

Established TLS in
patients

• Admission to Intensive Care Unit

• Increase hydration and maintain urine output

• Cardiac monitoring

• Initiate rasburicase for 1 dose and repeat only if uric acid ≥7.5 mg/dL

• At the end of rasburicase treatment, patients should start allopurinol

• Monitor laboratories every 4–6 h daily

S/S, signs and symptoms; IVP, intravenous push; CrCl, creatinine clearance; IV, intravenous; NS, normal saline; D5W,
5% dextrose in water; G6PD, glucose‐6‐phosphate dehydrogenase deficiency; WBC, white blood cells.
1 Refer to reference [73] for definitions and criteria defining low‐, intermediate‐, and high‐risk patients.

Table 10. Tumor lysis syndrome (TLS) treatment based on risk stratification [72–75].

Allopurinol is a xanthine oxidase inhibitor, which means it blocks the enzyme responsible for
the conversion of xanthine to uric acid. Allopurinol is preferred for patients that fall into the
low‐risk category explained in Table 10. It is recommended to start 1–2 days prior to initiating
chemotherapy to prevent excess uric acid, but it will not reduce uric acid levels in patients who
have existing hyperuricemia [77]. Unfortunately, the excess xanthine levels could precipitate
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into the kidneys leading to the renal dysfunction. Another limitation of allopurinol is it
interferes with the excretion of other chemotherapy agents (high‐dose methotrexate, cyclo‐
phosphamide, mercaptopurine, and azathioprine). If concomitant use cannot be avoided,
reduce 6‐mercaptopurine and/or azathioprine doses by 65–75% when used with allopurinol
[78]. Allopurinol should never be administered with capecitabine because it may decrease its
effectiveness [71]. The recommended oral allopurinol dose per the manufacturer is 600–800
mg daily in divided doses or 100–300 mg oral every 8 h daily (maximum of 800 mg/day).
Alternative dosing (off label for intermediate risk for TLS) is 10 mg/kg/day divided every 8 h
(maximum of 800 mg per daily) or 50–100 mg/m2 every 8 h (max dose 300 mg/m2 daily)
beginning 1–2 days before initiation of chemotherapy induction. This may be continue for 3–
7 days after chemotherapy [74 ]. IV allopurinol can be used in patients not tolerating oral at a
dose of 200–400 mg/m2/day in one to three divided doses (maximum of 600 mg/day) beginning
1–2 days before initiation of chemotherapy induction and may be continued for 3–7 days after
chemotherapy [78]. Allopurinol should be continued until uric acid levels are normalized and
tumor burden, WBC count, and other laboratory values have returned to low TLS risk levels
as defined in Table 10. Refer to Table 11 for appropriate renal adjustments.

Creatinine Clearance (ml/min) Daily Oral Allopurinol Dose

Manufacturer Recommended Allopurinol Dosing [78]

10–20 200 mg

<10 100 mg

<3 100 mg at extended intervals

(more than 24 h if necessary)

Alternative Allopurinol Dose Adjustments [74]

140 400 mg

120 350 mg

100 300 mg

80 250 mg

60 200 mg

40 150 mg

20 100 mg

10 100 mg every 2 days

0 100 mg every 3 days

CrCl, creatinine clearance.

Table 11. Recommended allopurinol dosing.

Rasburicase is a recombinant urate oxidase produced by a genetically modified S. cerevisiae
strain. Rasburicase is used to treat hyperuricemia by converting uric acid to allantoin thereby
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reducing uric acid levels and helping to control serum potassium, phosphorus, calcium, and
creatinine levels [70]. Allantoin is highly effective with it being five to ten times more soluble
in the urine than uric acid. The duration of rasburicase therapy can vary, with a majority
receiving 2 days of therapy, but success has been seen with a single dose. Uric acid levels should
be monitored regularly and used as a guide for dosing. Rasburicase works quickly with
decreases in the level of uric acid by 0.5–1 mg/dL being observed within 4 h of administration
[70]. Patients with larger tumor burden may need longer therapy (up to 7 days) or twice daily
treatment [70, 78]. Rasburicase is dosed at 0.2 mg/kg/day infused over 30 min with the first
dose at least 4 h prior to start of cytotoxic therapy and continued for up to 5 days. Dosing
beyond 5 days or administration of more than one course is not recommended [79]. The FDA‐
approved dose is 0.2 mg/kg dose, but 0.15 mg/kg has demonstrated efficacy, which may be an
option for intermediate‐risk patients with baseline uric acid ≤7.5 mg/dL [70]. Many institutions
are also utilizing fixed dosages (3, 6 or 7.5 mg) versus weight based dosing [97]. Once serum
uric acid levels normalize, rasburicase can be stopped and allopurinol treatment can be
initiated/resumed. Concomitant allopurinol should not be administered in order to avoid
xanthine accumulation and lack of substrate for rasburicase.

4.2. Pulmonary complications (non-infectious causes) following hematopoietic stem cell
transplantation (HCT)

Hematopoietic stem cell transplantation (HCT) is a treatment option for many malignant
hematological disorders. The conditioning chemotherapy regimens used are considered either
myeloablative where lethal doses of chemotherapy are given, with or without irradiation, or
non‐myeloablative where lower doses of chemotherapy are administered. Our lungs contain
an enormous capillary bed that is uniquely sensitive to the side effects of chemotherapy and
radiation therapy. Subsequently, a myeloablative conditioning regimen with lethal doses of
chemotherapy has a high likelihood of causing pulmonary complications. The estimated
incidence of pulmonary complications in HCT recipients ranges between 40 and 60% [80]. Such
complications can be further divided into infectious and non‐infectious causes. The non‐
infectious causes include pulmonary edema, engraftment syndrome (ES), diffuse alveolar
hemorrhage (DAH), idiopathic pneumonia syndrome (IPS), bronchiolitis obliterans organiz‐
ing pneumonia (BOOP), and pulmonary sarcoidosis. The risk of developing these complica‐
tions can occur at three different phases following a HCT. The neutropenic phase is described
as <30 days post‐HCT, the early phase includes 30–100 days post‐HCT, and the late phase is
known as >100 days post‐HCT. The following section will focus on a few of the non‐infectious
pulmonary complications that occur in the neutropenic phase (<30 days) post‐HCT.

Engraftment syndrome is equally common in autologous and allogenic HCT patients (7–11
and 10%, respectively). The median time to onset is 10 days post‐transplant and can manifest
up to 11 days. The syndrome is multifactorial consisting of the overproduction and release of
pro‐inflammatory cytokines and interaction between T cells, monocytes, and complement
activation during engraftment. A majority of the cases are mild and self‐limiting but the
moderate‐to‐severe cases require treatment with corticosteroids. Lack of response to cortico‐
steroid therapy leading to mechanical ventilation is a predictor of poor prognosis [76].
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Treatment for mild ES (transient low‐grade fevers with limited rash) includes discontinuing
G‐CSF and initiating empiric broad‐spectrum antibiotics. Moderate‐to‐severe ES with pulmo‐
nary involvement often requires treatment with corticosteroids such as methylprednisolone
doses ranging from 0.5 to 10 mg/kg/day or methylprednisolone 1–2 g/day × 3 days followed
by rapid taper over 2–3 weeks. A decrease in O2 requirement should be observed with
symptoms improving in 2–4 days [13, 81, 82].

Diffuse alveolar hemorrhage (DAH) is a progressive, non‐infectious pulmonary complication
following HCT often leading to mechanical ventilation for respiratory failure in a majority of
patients. It is thought to be due to a combination of mechanisms such as lung tissue injury
from the conditioning regimen or pulmonary infections, inflammation likely due to a combi‐
nation of bronchial inflammation, alveolitis, GCSF induced neutrophil influx into the lungs,
or cytokine release which contributes to alveolar capillary endothelial membrane damage.
DAH occurs equally in approximately 5% of allogeneic and autologous HCT recipients with
the most common cause of death being multi‐organ failure and sepsis [76, 83–85]. Standard
therapy includes high‐dose corticosteroids with methylprednisolone 500–1000 mg/day for 3–
4 days followed by 1 mg/kg for 3 days then taper over 2–4 weeks. Doses of 125–250 mg IV
every 6 h for the first 4–5 days followed by a taper over 2–4 weeks have been associated with
higher overall survival as well. One retrospective study of 14 patients also showed an overall
higher survival benefit with aminocaproic acid 1000 mg IV q6 h plus methylprednisolone 250
mg IV every 6 h followed by a taper. In addition, several case reports have shown a modest
resolution in bleeding with the combination of recombinant factor VIIa 90 mcg/kg and
methylprednisolone 500–2000 mg IV daily followed by gradual taper over 2–4 weeks [76, 84–
86].

4.3. Cytokine release syndrome (CRS) associated with chimeric antigen receptors (CARs)

Immunotherapy is redefining the standard of care in many malignancies. Recent advances
involve the engineering of a patient’s own immune cells to recognize and attack tumor cells.
T cells contain a monoclonal antibody fragment (scFv) specific for a tumor target with T‐cell
receptor activation. The T cells are then directed to target antigens that are expressed by
tumors. This initiates the patient’s own immune system to target the cancer. However, CAR T‐
cell treatments are not without risks, and many people experience an inflammatory process
called severe cytokine release syndrome (CRS) that requires hospitalization, with over 30%
requiring intensive care admission [87].

Cytokine release syndrome (CRS) is marked by dramatic elevation in cytokine levels produc‐
ing a systemic inflammatory response similar to that of septic shock. The onset has been noted
to occur within 1–14 days of CD‐19 CAR T‐cell infusion and resolves typically in 2–3 weeks.
With hypotension being the main criteria in the revised CRS grading system, it is important
to record baseline blood pressure prior to start of therapy that could induce CRS. Potentially
life‐threatening complications with CRS include cardiac dysfunction, adult respiratory distress
syndrome, neurologic toxicity, renal failure, hepatic failure, and disseminated intravascular
coagulation [85]. Diagnosis of CRS is made based on the presence of high levels of inflamma‐
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tory markers and cytokines, increased LFTs, and increased total bilirubin [88]. Appropriate
treatment is based on the CRS grading system explained in Table 12.

CRS-revised grading system Treatment Associated with revised grading system

Grade 1
Symptoms are not life threatening
and require symptomatic treatment only:
Fever and constitutional symptoms
(nausea, fatigue, headache, myalgias,
malaise)

• Assess for infection in all grades

• Vigilant supportive care including antipyretics and analgesics in all grades1

Grade 2
Symptoms require and respond to
moderate intervention Oxygen
requirement <40% or Hypotension
responsive to fluids or Vasopressor if
unresponsive to
fluids or Grade 2 organ toxicity

• Monitor cardiac function (s/s cardiac decomposition). Cardiac
decompensation can be sudden and severe, but usually reversible. The
pathophysiology of acute cardiac toxicity in the setting of CRS is not clear,
but resembles cardiomyopathy associated with sepsis and stress
cardiomyopathy. Monitor echocardiography frequently in patients who are
a concern for cardiac dysfunction (Grade 2–4)

• Monitor organ function closely

• Monitor/manage complications of TLS

IF, older age or extensive comorbidities:

• Based on clinical judgment, may be necessary to initiate
immunosuppressive therapy (refer to Grade 3/4 treatment)

Grade 3
Symptoms require and respond to
aggressive intervention
Oxygen requirement ≥40% or
Hypotension requiring high dose
or multiple vasopressors or
Grade 3 organ toxicity or grade 4
transaminitis

• Initiate tocilizumab:

For patients weighing <30 kg: 12 mg/kg IV x1 dose
For patients weighing >30 kg: 8 mg/kg IV × 1 dose (max dose 800 mg)

Grade 4
Life‐threatening symptoms
Requirement for ventilator
support or Grade 4 organ toxicity
(excluding transaminitis)

IF, lack of clinical improvement while waiting for tocilizumab response:

• Initiate corticosteroid therapy (taper within one week; can generally be
accomplished)

Methylprednisolone* 2mg/kg x 1 dose, followed by 2mg/kg/d divided 4
times per day [24] to hopefully suppress the inflammatory cascade and
prevent irreversible organ dysfunction

Grade 5—Death

*Emerging evidence suggests corticosteroids may mediate a greater adverse effect on the antitumor activity of
adoptively transferred T cells [26]
1 Vigilant supportive care: antipyretics, analgesics, adequate hydration, blood pressure support, and broad‐spectrum
antibiotics.
2 For patients with severe neurologic symptoms, consider dexamethasone (0.5 mg/kg; maximum 10 mg/dose) due to
more efficient penetration of the blood‐brain barrier although evidence for choosing one over the other has not been
established.

Table 12. Cytokine release syndrome–revised grading system and associated treatment [88–90].
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Tocilizumab is an antirheumatic disease modifying interleukin‐6 receptor antagonist approved
for adults with rheumatoid arthritis at the dose 4–8 mg/kg every 4 weeks infused over 1 h [88].
It is also the standard therapy for managing Grade 3 CRS. Reports have shown cytokines return
to normal and symptoms resolve concurrently by day nine following tocilizumab adminis‐
tration [87, 91]. In addition, tocilizumab may have less impact on the antitumor effect of CAR
t cells when compared to corticosteroids [88]. If the patient has a positive clinical response to
tocilizumab, then vasopressors and supportive measures can be weaned shortly thereafter. If
the patient’s condition does not improve or stabilize within 24 h of tocilizumab dose, a second
dose can be administered. A corticosteroid regimen should also be considered if it has not
already been initiated. Adverse effects (AE) associated with tocilizumab include, but are not
limited to: hypersensitivity reactions, elevated liver enzymes, fatal opportunistic infections,
gastrointestinal perforation, hematologic effects, herpes zoster reactivation, hyperlipidemia,
and tuberculosis. Studies are under investigation regarding the optimal timing of anti‐Il‐6
treatment, but some levels of CRS should be expected and possibly an inevitable consequence
of the CAR T‐cell therapy mechanism [92].

4.4. Pulmonary toxicity due to chemotherapy agents in general oncology patients

In the non‐HCT patients, several other chemotherapy agents have high risks for causing
pulmonary toxicity exhibited early with infiltrates, pulmonary edema, hypersensitivity
reactions, and pleural effusions or with infiltrates or fibrosis in late onset (greater than 2
months). These injuries can be dose dependent or can manifest several years after completion
of therapy [93]. As a result, the most severe and late stages of such toxicity are usually observed
in patients admitted to the ICU. The most common chemotherapy agents associated with
pulmonary toxicity and their respective clinical/radiologic manifestations are described in
Table 13. The mainstay treatment for such pulmonary complications are largely steroids;
however, it has yet to be determined the appropriate dose and duration of therapy that is most
effective. One study evaluated the dosage pattern of corticosteroids used in 398 lung cancer
patients with pulmonary toxicity. The drug‐induced interstitial lung diseases were primarily
treated with pulse dose therapy (≥500 mg/day methylprednisolone for 3 days followed by high‐
dose steroids) and high‐dose therapy (≥0.5 mg/kg/day prednisolone). These cases had a
mortality rate of 48.4% which was similar or less than that of the other groups. Unfortunately,
response to therapy was not defined in this study by improvements in radiologic findings or
carbon monoxide diffusing capacity, which has been suggested as better indicators [94]. Scarce
literature exists outside of case series or small observation studies as the one described.
Therefore, with the lack of established treatment guidelines for pulmonary toxicity, intensivists
should customize corticosteroid regimens based on each patient’s response and risk for AEs
from prolonged therapy.

Despite the many advances in cancer treatment options including not only chemotherapy but
also immunotherapy agents, the risks for AEs have unfortunately not been completely
diminished. These agents are administered at toxic levels with multiple cycles, and each dose
highly affects more than one organ system. Therefore, the risks observed from these agents far
outweigh AEs due to therapies initiated in typical ICU patients. The AEs previously discussed
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are only a few of the many acute and chronic consequences that are observed in cancer patients
leading to ICU admission. However, the pharmacologic management of such occurrences is
extremely important as they affect future treatment options and overall quality of life of the
patient.

Chemotherapy agent Clinical/radiological manifestations 

Bleomycin  Bronchiolitis obliterans organizing pneumonia (now referred to as cryptogenic organizing

pneumonia), eosinophilic hypersensitivity, or interstitial pneumonitis (most common) that can

progress to fibrosis 

Methotrexate  Bilateral interstitial and alveolar infiltrates or pleural effusions, accompanied by fever and

peripheral eosinophilia. Fibrosis can be prevented if the medication is discontinued 

Gemcitabine  Diffuse ground‐glass changes accompanied by thickened septal lines, interstitial infiltrates, or

diffuse alveolar infiltrates, which may lead to acute respiratory distress syndrome 

Paclitaxel  Bilateral reticular or ground‐glass infiltrates or focal consolidation 

Oxaliplatin  Interstitial pneumonitis with fibrosis occurring after 3–6 months of therapy. Patients can

present with slow progressive cough and dyspnea 

EGFR‐targeted

inhibitors: gefitinib

and erlotinib 

Airspace consolidation or extensive bilateral ground‐glass infiltrates 

Table 13. Common chemotherapy agents associated with pulmonary toxicity and clinical/radiological manifestations
[005B93].
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Abstract

This chapter discusses the most important challenges in the perioperative phase of the
oncology patient undergoing surgery of the gastrointestinal tract. Because of the aging
population, the surgeon is ever more confronted with frail patients at risk for an adverse
surgical outcome. The chapter therefore reviews factors contributing to an impaired
postoperative outcome such as sarcopenia, frailty, cachexia, and malnutrition and gives
an  insight  into  their  pathophysiology.  Next,  it  provides  an  overview of  validated
preoperative classification systems to identify the patients at risk for surgical compli‐
cations. Furthermore, it discusses the most essential recommendations of standardized
care for patients undergoing hepatopancreaticobiliary, gastric, and colorectal surgery.
Special attention is paid to the use of clinical pathways in the perioperative phase that
are aimed at a multimodal approach of reducing surgical morbidity by lowering the
perioperative  physiological  and psychological  stress.  Recent  literature  is  discussed
regarding care in the intensive care unit, and the final paragraph focuses on improving
postoperative  outcome  by  means  of  prehabilitation  or  exercise  as  well  as  dietary
interventions and optimized nutrition.
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1. Introduction in surgical oncology of the abdomen

1.1. General introduction

Cancers of the gastrointestinal (GI) and hepatopancreaticobiliary (HPB) tract entail some of
the most prevalent, as well as some of the most lethal, cancers worldwide [1]. Surgery for
cancer of the digestive tract involves extensive and complex procedures and is associated with
high complication rates [2]. In the past decades, however, the clinical outcome of patients
undergoing surgery for gastrointestinal malignancies has improved significantly. Besides the
changes in surgical technique, such as the introduction of minimally invasive surgery and the
implementation of novel medical devices, the anesthetic and perioperative care have also
evolved [3]. Patients operated with laparoscopic techniques showed a reduction in various
inflammatory responses and improved immune function when compared to patients
undergoing open surgery in several randomized clinical trials. These studies, however, did
not take into account the change in perioperative care that was brought about by the faster
recovery following laparoscopic surgery. More recent randomized controlled trials standar‐
dized care for both arms and found better outcomes for patients treated with laparoscopy and
clinical care pathways, in most [4, 5], but not in all cases [6].

Many important factors have been described that influence the surgical outcome of the surgical
oncology patient population. These factors are present in a wide range of surgical patients, but
particularly high rates have been described in the elderly population. Aging is accompanied
by high prevalence of comorbidities and a decreased functional reserve, all of which can
contribute to an increased risk for complications such as delirium, pressure ulcers, infection,
functional decline, and other surgery‐specific complications. While the increased quality of
care is advantageous for the general oncological population, improvement in outcome for
elderly patients has remained relatively limited [7, 8]. This is a worrisome fact, as the aging
Western population leads to an increase of elderly people diagnosed with cancer and, conse‐
quently, more elderly people in need of surgical care. Many of the currently available treatment
guidelines for surgical oncology patients are based on clinical data from a patient population
with a relative low number of old and more frail patients. Therefore, in order to further improve
outcomes also for our most vulnerable patients, identifying those at highest risk of poor
outcome is of paramount importance.

The need for tools that provide insight in our patients’ health status prior to undergoing
surgery has become overt. It has been shown that functional compromise, defined by several
conditions such as fatigue, sarcopenia, cachexia, malnutrition, vulnerability, and frailty, has a
major impact on the risk of the development of complications and on postoperative outcome
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in general. These conditions show strong overlap in several clinical features, which make strict
separation of these syndromes rather difficult.

Several authors have described questionnaires and tests that allow surgeons to identify the
patients at high risk. With these tools, patients that are prone to developing complications can
be selected for a broad range of intervention types that are aimed at optimizing the condition
of the surgical patient and consequently to improve postoperative outcome. To date, a wide
variety of validated risk assessment tools have been described. Some of those have already
successfully been introduced into clinical practice, such as the ASA (American Society of
Anesthesiologist) classification, the Surgical Outcome Risk Tool (SORT) [9], and the Surgical
Risk Calculator from the American College of Surgeons [10]. Many other, more specific scoring
systems or tests have been designed to assess frailty (Comprehensive Geriatric Assessment
[11], Fried Frailty Phenotype [12], timed “up and go” test [13], Groningen Frailty Index [14]),
or nutritional state (Short Nutritional Assessment Questionnaire (SNAQ) [15], Malnutrition
Universal Screening Tool (MUST)) [12, 16]. These assessment tools are designed to identify the
patients at high risk for perioperative complications and adverse outcomes. Moreover, these
may help the physician in the selection of patients that may benefit from “prehabilitation” and
nutritional and other interventions.

During the course of the chapter, the most important challenges for the care of the gastroin‐
testinal surgical oncology patient will be discussed. Special attention will be paid to identifying
and treating the patient at highest risk of adverse outcome. A short overview of the different
tumors of the gastrointestinal tract will be provided based on tumor location, as each of these
types of cancer are defined by specific characteristics. Furthermore, the most important
perioperative considerations are discussed, as well as the most common complications and
their management.

1.2. Types of cancer

1.2.1. Esophageal cancer

Esophageal cancer is the eighth most prevalent cancer and the sixth most frequent cause of
cancer‐related death worldwide. Global incidence is threefold higher in men as compared to
women. With a mortality:incidence ratio of 0.88 esophageal cancer has a poor prognosis, which
resulted in 400,000 deaths in 2012 [1]. Over 95% of esophageal cancers consist of squamous cell
(SCC) and adenocarcinomas. Incidence of SCC is especially high in Iran and Asia (the so‐called
esophageal cancer belt) [3]. In Western countries, incidence of adenocarcinomas has increased
substantially over the past decades, of which the most frequently affected sites are the
esophagogastric junction (ECJ) and the gastric cardia [17–20]. Alcohol consumption and
smoking are the main risk factors in the etiology of esophageal cancer [21–24]. Others are
Barrett’s esophagus, gastroesophageal reflux disease, poor diet and high body mass index [24].
Currently, radical surgical resection is considered the standard treatment for resectable
esophageal carcinoma (T1‐3N0‐3M0) [25, 26]. Proximal and mid‐esophageal tumors are
approached transthoracically, distal tumors are resected through either transthoracic or
transhiatal approach. Neoadjuvant chemoradiation has shown to improve local control and

Improving Outcome in Gastrointestinal and Hepatopancreaticobiliary Surgical Oncology by Preoperative Risk...
http://dx.doi.org/10.5772/64775

71



survival and is commonly performed [27–30]. In case of unresectable carcinomas or contrain‐
dications for surgery, chemoradiation can be performed depending on the patient’s condition
[31–33].

1.2.2. Gastric cancer

Gastric cancer is the fifth most prevalent cancer and the third most common cause of cancer
related death worldwide. About half of all cases occur in eastern Asia [1]. There are two types
of gastric adenocarcinoma: the intestinal and the diffuse type. Both can be induced by
Helicobacter pylori infection, the primary cause of gastric cancer [34]. Gastric ulcers, adenoma‐
tous polyps and intestinal metaplasia are known precursor lesions in the intestinal type gastric
cancer, while no clear precursor lesions can be indicated for the diffuse type [35]. Smoking and
alcohol consumption are important risk factors, as well as dietary factors such as high salt and
low vegetable intake [36, 37].

In Western countries, gastric cancer is often diagnosed at an advanced stage [38, 39]. Proximal
tumors are known to be more aggressive and to have a worse prognosis compared to distal
gastric cancers [40]. Curative treatment is not possible in case of distant metastasis [41], leaving
only 50% of patients eligible for curative surgery. Partial or total gastrectomy is performed
depending on tumor location, clinical stage, and histological type. The extent of lymphade‐
nectomy remains a topic of debate [42, 43]. Tumors of the esophagocardial junction (ECJ) and
cardia are treated, like esophageal cancers, with neoadjuvant chemoradiation. To date, there
is no clear consensus in literature regarding (neo‐)adjuvant therapy for noncardia gastric
cancers. It has been shown, however, that perioperative chemotherapy significantly improves
survival [44, 45].

1.2.3. Cancer in the liver

Most of the malignant lesions that are diagnosed in the liver are metastases from primary
tumors that are located in other organs. The majority of those metastases are of colonic or rectal
origin, so‐called colorectal liver metastasis (CRLM). The liver is the first organ in which
colorectal tumors metastasize due to the venous drainage of the gastrointestinal tract via the
portal vein. Radical surgical resection is the established curative treatment for CRLM.

Partial liver resections can be performed through anatomic or nonanatomic approach,
depending on tumor localization and its relation to the portal vein, hepatic vein, and hepatic
artery. Important considerations for performing liver surgery for CRLM are to ensure sufficient
residual liver volume after resection and to plan a radical resection. Tumor size, the number
of metastases, the patient’s age, narrow resection margin, extrahepatic disease, synchronicity,
and primary tumor stage can all be taken into consideration but are no absolute contraindi‐
cations for performing a partial liver resection for CRLM. In case, a radical surgical resection
cannot be performed, radiofrequent and microwave ablation techniques and stereotactic
radiotherapy can be considered as alternative treatment.

In the case of CRLM, the majority of the patients receive (neo‐)adjuvant chemotherapy because
of the presence of metastatic disease. Chemotherapy can be used for down staging of the
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tumors and to increase resectability. Because of its negative effects on the liver parenchyma, a
larger residual liver volume must be ensured if chemotherapy was administered preopera‐
tively.

Primary liver cancer occurs in the liver as well, usually as hepatocellular carcinoma (HCC).
HCC has a mortality:incidence ratio of 0.95 liver cancer is the second most frequent cause of
cancer death in the world, resulting in approximately 745,000 deaths in 2012 [1]. It is the sixth
most prevalent cancer worldwide and incidence rates are about two‐ to threefold higher in
men compared to women [1, 46]. Chronic liver disease (i.e., chronic hepatitis B or C infection,
hereditary hemochromatosis, nonalcoholic fatty liver disease) and cirrhosis are associated with
increased risk of hepatocellular carcinoma (HCC) [46–48]. Echographic surveillance in patients
at increased risk can detect HCC at an earlier stage [49]. Depending on performance status,
Child‐Pugh classification and clinical stage, a partial liver resection or liver transplantation
may be indicated [48]. Up to 80% of liver volume can be resected, provided the quality of the
residual volume is high enough for regeneration and to avoid liver failure. In short, postop‐
erative morbidity and mortality rates are only acceptable in patients with Child Pugh A and
without portal hypertension. Therefore, due to liver dysfunction, most patients are ineligible
for surgical treatment. Treatment options for unresectable HCC include radiofrequent ablation
(RFA), percutaneous ethanol injection (PEI), transcatheter chemo‐embolization (TACE),
stereotactic radiotherapy, and systemic chemotherapy [50–55].

1.2.4. Pancreatic cancer

Despite diagnostic and therapeutic advances, pancreatic cancer has a very poor prognosis. It
is the twelfth most prevalent cancer worldwide yet the seventh most frequent cause of cancer‐
related death (M:I ratio 0.98) [1]. The majority of cases occur in western countries (possibly due
to underdiagnosis in less developed regions) [1]. Smoking is a main risk factor associated with
increased risk of pancreatic cancer [56, 57], as well as chronic pancreatitis [58, 59], high body
mass index [60, 61], and having a first‐degree relative with pancreatic cancer [62–64]. The
majority of tumors are ductal adenocarcinomas and over 95% arises from the exocrine elements
of the pancreas. Surgical resection is considered the only potentially curative treatment,
however only about 15–20% of patients are eligible for a pancreaticoduodenectomy (Whipple)
[65]. Prognosis is poor even in those patients; 5‐year survival is about 10% in case of node‐
positive and about 25–30% in node‐negative disease [66–68]. Tumor characteristics are the only
significant prognostic factor influencing survival after surgery [69]. Adjuvant chemotherapy
has proven to improve disease free survival [70–72]. Neo‐adjuvant chemoradiation, as this may
improve resectability of the tumor, decreases recurrence rates [73–76]. In a palliative setting,
chemotherapy and biliodigestive bypass surgery can be useful [77–81].

1.2.5. Cancers of the biliary tract

Cancers of the gallbladder and of the bile duct are less common, however, highly fatal as
they are often diagnosed at an advanced stage. Gallbladder carcinoma accounts for around
1.3% of cancer incidence worldwide and is one of the few malignancies that is more com‐
mon in females than in males [1, 82, 83]. Statistics on cholangiocarcinoma are less accurate
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as intrahepatic cholangiocarcinomas are often included in the primary liver cancers. Gall‐
stone disease, gallbladder polyps, congenital biliary cysts, anomalous pancreaticobiliary
junction, and chronic cholecystitis are predisposing factors for developing gallbladder can‐
cer. Risk factors for cholangiocarcinoma include primary sclerosing cholangitis, choledo‐
chal cysts, chronic hepatolithiasis (recurrent pyogenic cholangitis), and chronic liver
disease.

Resectability is dependent on the degree of infiltration into the proximal bileducts and liver
tissue, the absence of distant metastasis and involvement of the hepatic artery and/or portal
vein and the expected residual liver tissue volume [84, 85]. To ensure radical (R0) resection
of these aggressive tumors, extensive liver resection and resection of other neighboring or‐
gans is sometimes necessary [86–88]. The radicality of the resection is the most important
prognostic factor [89, 90]. The adequate surgical approach is selected based on tumor loca‐
tion and extent of tumor ingrowth. A Whipple procedure (pancreaticoduodenectomy) may
be indicated in case of a distal cholangiocarcinoma. In the preoperative setting, biliary
drainage and/or embolization of the portal vein may be indicated [91–94]. The role of
(neo‐)adjuvant chemo‐ and radiotherapy remains controversial and is not part of standard
treatment [88, 95–97].

1.2.6. Colorectal cancer

Colorectal cancer (CRC) is the second most prevalent cancer in women, and the third most
prevalent in men worldwide. The majority of cases occur in the Western world, although in
recent years an increase of CRC incidence has been observed in developing countries as well,
which is likely to be a consequence of the adoption of Western lifestyle and diet. CRC resulted
in 694,000 deaths in 2012, which makes it the fourth most frequent cause of cancer death [1].
In developed countries, the incidence and mortality have decreased over the past decades,
which is largely attributable to the implementation of better screening tools and national
screening programs [98–100].

Age, adenomatous polyps, genetic factors (FAP, HNPCC), inflammatory bowel disease, history
of abdominal radiotherapy, and lifestyle are the main factors associated with increased risk of
colorectal cancer [101–106]. The vast majority of colorectal cancers are adenocarcinomas. All
tumors originate from adenomas or flat dysplasia. Tumors of the right colon are more polypoid
shaped as opposed to the annular tumors in the left colon. The prognosis for both tumor
locations is, however, similar [107]. Radical resection remains the cornerstone of curative
treatment. The surgical approach of choice depends on tumor location and size (i.e., right/left
hemicolectomy, low anterior resection, total mesorectal excision, or abdominoperioneal
resection). In case of locally advanced (T4) tumors, en‐bloc multivisceral resection is advised
[108, 109]. Local recurrence is more common in rectal cancer due to difficulty in obtaining
adequate resection margins. In rectal cancer, neoadjuvant radiotherapy or chemoradiation
may be indicated depending on disease stage. Neoadjuvant chemoradiation is also usually
considered in case of locally advanced colon cancer [108]. Adjuvant chemotherapy has only
proven to be beneficial for lymph node positive colon cancer.
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2. Current challenges in gastrointestinal, hepatobiliary, and pancreatic
surgical oncology

2.1. Frail elderly

With the aging of the population, patients undergoing surgery for gastrointestinal and
hepatobiliary and pancreatic cancers are also becoming older: one of every three cancers is
diagnosed in patients aged 65 years or older. A more worrying fact, however, is that the
majority of cancer‐related deaths occur in this group of patients [110]. Older patients are at
increased risk for perioperative complications [111], which may lead to prolonged hospital
stay, decreased quality of life and independency, increased disability and health‐care costs,
and increased mortality [112]. Nevertheless, carefully selected patients seem to benefit from
surgery in the long‐term [113]. Therefore, preoperative risk assessment, and multimodal
perioperative care for elderly patients remain of paramount importance in the light of changing
patient demographics [114]. Various risk classification systems, such as the American Society
for Anesthesiologists (ASA) classification, Charlson Comorbidity Index, and the Eastern
Cooperative Oncology Group (ECOG) performance status, have been developed to categorize
patients’ preoperative condition [115–117]. However, many of these classifications are inaccu‐
rate; they are subjective or focus on a single organ system [118]. The ASA classification for
instance, shows large intraobserver variability [116, 119], and lacks specificity for cancer
patients, who are known to have an altered metabolism that may affect ASA‐score.

Factors contributing to an impaired postoperative outcome for vulnerable (elderly) patients
are frequently referred to as “frailty.” Frailty has gained attention as a risk factor for adverse
outcome after surgery over the past decades. Screening for and the assessment of frailty can
aid risk assessment and therefore facilitate the decision making process for both patients and
physicians. The concept of frailty was defined as a biologic syndrome, characterized by a
decreased reserve and resistance to stressors [12, 109]. It incorporates a number of areas of
functioning, including weight loss, muscle weakness (e.g., grip strength), slowness, low
activity, and increased disability [12]. Increased 6‐month mortality was observed in frail
individuals in a study of patients who underwent major surgery (i.e., procedures that required
standard ICU admission) [120]. Geriatric markers for frailty (e.g., cognitive function, poor
nutritional status, falls, depressed mood, and anemia) were predictive for adverse outcome in
this study [120]. Furthermore, increased complication rate and length of stay were observed
in frail patients who underwent elective surgery [121]. Finally, frailty was shown to be
associated with increased surgical complications, postoperative mortality, health care costs,
and length of stay [118, 120, 122].

2.2. Sarcopenia and cachexia

A modifiable, hallmark sign of frailty is sarcopenia, a geriatric term for the involuntary loss of
skeletal muscle mass and density [123–125]. The prevalence of sarcopenia increases with age;
from 9% at 45 years to 64% at 85 years in healthy ambulatory individuals [126]. This condition
is characterized by a loss of skeletal muscle mass and strength [127], leading to physical
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impairment and disability in geriatric populations [128, 129]. Multiple studies have shown an
association between the presence of sarcopenia and adverse outcome after surgery. For
instance, following surgery for colorectal liver metastases, sarcopenia negatively affected
short‐term outcome with increased morbidity and mortality rates In a study published in 2011
[130]. Sarcopenia also negatively influenced long‐term outcome in patients who underwent
surgery for pancreatic adenocarcinoma (i.e., 3‐year survival), as well as for patients undergoing
surgery for colorectal liver metastases (i.e., 5‐year disease free and overall survival) [131, 132].
Similar studies found an unusually high prevalence of sarcopenia (57.7% of 180 patients) in
Western gastric cancer patients [133]. However, this study did not find any association with
adverse outcomes in patients with sarcopenia. Another recent study in Asian gastric cancer
patients described a much lower prevalence of sarcopenia (12.5% of 255 patients). This study
combined CT‐scan measurements with hand‐grip strength and get‐up‐and‐go tests to define
sarcopenia. In this study, sarcopenia was found to be an independent risk factor for postop‐
erative complications [134]. Besides sarcopenia, older cancer patients may also suffer from
cancer induced cachexia, a clinical condition leading to skeletal muscle loss with or without
the loss of adipose tissue due to anorexia (resulting from e.g. metabolic changes) and malnu‐
trition (resulting from e.g. (chemotherapy induced) nausea and loss of appetite) [135, 136]. It
is estimated that cachexia is the cause of up to 30% of cancer related deaths [137, 138]. Sarco‐
penia and cachexia are therefore separate but overlapping entities, with different pathways
that both lead to skeletal muscle wasting [139]. The assessment of sarcopenia will be elucidated
further in the third paragraph.

2.3. Body composition and chemotherapy

Although surgery remains the cornerstone of curative cancer treatment in all gastrointestinal
and hepatopancreatobiliary malignancies, a substantial part of patients is treated with
chemotherapy [29, 140]. This could be either in a neoadjuvant setting to reduce the tumor load,
as well as in an adjuvant or palliative setting in patients with locally advanced/metastasized
disease or recurrence, respectively.

A recent report described that skeletal muscle loss during neoadjuvant chemotherapy is
associated with poor short‐term outcome in esophageal cancer patients [141]. Two other
studies did not find an association with overall (long‐term) survival [142, 143]. In a study
among breast cancer patients who received neoadjuvant therapy, sarcopenic patients were
more likely to have a complete pathologic response compared to nonsarcopenic patients [144].
Substantial loss of body weight, adipose tissue and skeletal muscle mass have been reported
among pancreatic cancer patients who received neoadjuvant radiochemotherapy within phase
I and II clinical trials. [145, 146]. Although the resection rate could not be predicted by body
composition parameters (i.e., weight loss, overweight/obesity (pre‐/posttreatment), sarcopenia
with or without overweight/obesity), the extent of skeletal muscle and visceral adipose tissue
loss was negatively associated with disease‐free survival and overall‐ and progression‐free
survival, respectively [145]. Finally, an increasing number of studies show that low skeletal
muscle mass is an independent determinant of chemotherapy toxicity in different patient
populations treated with various chemotherapeutics [147–153]. Chemotherapy toxicity
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frequently leads to dose limitation or abortion of therapy. Consequently, this may lead to less
effective cancer treatment and impaired (disease‐free) survival. Therefore, it is suggested that
it would be better to base dose normalization on skeletal muscle mass rather than body surface
area (BSA), as is commonly performed [147].

3. Identifying the patient with high perioperative risk

3.1. Preoperative assessment

Risk assessment in order to identify patients at risk for postoperative adverse events is a
complex effort. It is made even more difficult by the great variety of primary diseases as well
as comorbidities in surgical oncology patients.

Classically, preoperative risk assessment is based on a complex interaction of the clinician’s
view of the general status of the patient and The consideration of factors such as age, comor‐
bidities and ASA classification. This can be a subjective process and its interpretation can vary
greatly between clinicians. Even the assessment of the ASA classification seems to be a
relatively subjective process [154]. Consultation of an experienced anesthesiologist is often
advised for patients with a compromised physical status (e.g., ASA 3–4) or who are scheduled
to undergo major surgical interventions that can cause physiological derangements.

3.2. Risk factors for adverse outcome

Gastrointestinal surgical oncology patients are often elderly patients. The elderly are at an
increased risk for adverse events and mortality [155, 156]. A patient’s ability to cope with
surgical stressors is determined by a multitude of factors, of which physiological reserves are
the most important. In recent years, improvements have been made to identify more objective
risk factors for adverse outcome after surgery. These include comorbidity classifications,
geriatric frailty assessment, sarcopenia, and malnutrition assessment.

3.3. Comorbidities

Almost all patients who undergo major gastrointestinal surgery have some degree of comor‐
bidity. In order to classify these comorbidities and to determine a risk stratification for
mortality, the Charlson Comorbidity Index (CCI) was introduced [115]. This index was also
used for prediction of mortality risk after complex gastrointestinal surgery in a later study
[157]. In Asian elderly patients (octo‐ and nonagenarians) undergoing surgery for gastric
cancer, a CCI ≥ 5 was associated with a higher postoperative mortality rate [158]. In another
study in elderly Italian patients who underwent curative surgery for gastric cancer, the
presence of comorbidity and not age was the only independent risk factor for mortality [130].

3.4. Frailty

Assessment of frailty as depicted above can be diverse and often incorporates different
measurement modalities. These include questionnaires on self‐reported health and disability,
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handgrip strength measurements, timed get‐up‐and‐go tests and sometimes blood tests
(hemoglobin, albumin). These measurements make frailty assessment difficult in an outpatient
setting. Therefore, fast and easy to perform screening questionnaires have been developed over
the recent years. Examples include PRISMA‐7, Fried's Frailty criteria, Hopkins Frailty score
and Groningen Frailty Indicator (GFI) [159]. Questionnaires such as the GFI encompass
multiple aspects of frailty, i.e., mobility, physical fitness, vision, hearing, nourishment (i.e.,
unintended weight loss), morbidity (i.e., polypharmacy), and psychosocial status [14]. Despite
the comprehensive nature of these questionnaires, the percentage of patients who are
identified as frail vary strongly between different risk assessment tools (11.6–36.4%) [159].
However, these questionnaires have proved to be very useful to identify patients who are at
risk for the development of postoperative adverse events. In gastric cancer patients, a GFI ≥3
was associated with postoperative mortality and morbidity (severe complications) [160]. Frail
patients had an in‐hospital mortality of 23.3% compared to 5.2% for nonfrail patients. Scores
higher than 7 on the Edmonton Frail scale were associated with increased complications after
non‐cardiac surgery (OR 5.02, 95% CI 1.55–16.25) [121]. In another study, Fried's Frailty criteria
were associated with increased complications after major, oncological and urological surger‐
ies [118]. Geriatric assessment using several questionnaires was used in a study and showed
that frailty is an independent risk factor for impaired 1‐year and 5‐year survival after colorectal
cancer surgery [161].

In conclusion, frailty screening and assessment with referral to a geriatric specialist should be
included in preoperative work‐up and shared decision making in elderly patients scheduled
to undergo gastrointestinal surgery for cancer.

3.5. Sarcopenia

A decline in muscle mass, or sarcopenia, is a phenomenon within the process of human aging
but is also part of the cachexia syndrome [127, 162]. Sarcopenia is a complex syndrome and
multiple factors have been identified that contribute to its development [163]. Inadequate
nutrition (low protein intake and impaired metabolism) and inactivity are important contri‐
buting elements, as well as age‐related and possibly endocrine factors [127].

The assessment of sarcopenia is performed by measuring muscle surface areas on abdominal
CT‐scans. At a designated level (e.g., transverse processes of lumbar spine L3), total psoas
cross‐sectional area or total muscle surface area are measured and corrected for patient height,
resulting in an L3‐index (see Figure 2). These measurements can be performed in a semiauto‐
mated fashion by the use of image analysis software. Sex and body mass index (BMI) specific
cutoffs are available to define sarcopenia. For instance: for men 43 cm2/m2 (BMI < 25.0 kg/m2)
and 53 cm2/m2 (BMI ≥ 25.0 kg/m2), in women L3‐index lower than 41 cm2/m2 [164].

Sarcopenia, as measured by low muscle mass CT‐scans, is used in a multitude of studies and
has been shown to be associated with adverse outcome. However, in 2010, the European
Working Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as a low muscle
mass in combination with either low muscle strength or low physical activity [127]. The
EWGSOP defines low muscle mass as only symptom as presarcopenia.
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3.6. Malnutrition

An imbalance in energy expenditure and nutritional intake is the fundamental physiological
derangement that causes cancer‐induced weight loss. Tumor‐related factors that contribute to
weight loss include early satiety, obstruction complaints, but also tumor induced metabolic
changes [162]. Especially, upper GI cancer patients are at risk for malnutrition, for example, in
31‐43% of gastric cancer patients there can be a weight loss of >10% in the last 6 months. [165].
Malnutrition is a well‐known risk factor for adverse outcomes after upper GI surgery, including
interventions for esophageal, gastric cancer, liver and pancreatic cancer [162, 166, 167].

Figure 1. Short Nutritional Assessment Questionnaire (SNAQ) and Malnutrition Universal Screening Tool (MUST).
Partly adapted from Kruizenga et al. [15] and Rahman et al. [16].

Screening for malnutrition is therefore an important aspect of the preoperative risk assessment
of upper GI cancer patients. Several questionnaires have been developed to screen for malnu‐
trition, which include: NRS‐2002 (nutritional risk screening), MUST (Malnutrition Universal
Screening Tool), SNAQ (Short Nutritional Assessment Questionnaire) [15, 160, 168] (Figure 1).

These tools provide an easy and low‐cost method for nutritional risk stratification and provide
an indication as to when preoperative nutritional interventions are indicated. Patients at risk
for malnutrition should be referred to a dietician for nutritional analysis and supplementation
if needed, in order to optimize preoperative status.

3.7. Patient selection

Upper GI cancer patients are scheduled to undergo major surgery if they are considered “fit
for surgery.” Proper preoperative evaluation can identify avoidable perioperative risks. As
upper GI cancer surgery is often performed in elderly patients, chronic comorbidities are
frequently present.

Basic preoperative assessment, including clinical history taking and physical examination,
should aim at identifying chronic comorbidities. Preoperative evaluation should uncover any
chronic comorbidities, particularly cardiovascular and pulmonary disease [169]. Advice from
other departments should be obtained, e.g., adjustment of pulmonary medications and
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corticosteroid supplementation in patients with pulmonary disease. This helps minimizing
avoidable perioperative cardiopulmonary complications.

Another important risk factor for adverse outcome is the presence of diabetes mellitus. This
should therefore be optimally controlled pre‐ and perioperatively. If necessary, referral to a
specialist is recommended.

Referral to a geriatric specialist can be very helpful in the preoperative setting, especially for
frail elderly. Advice can be obtained in the perioperative stage on prevention of delirium, and
of physical and cognitive decline.

Exercise tolerance is also an important aspect to judge physiological reserves. It is most often
determined by the patient’s cardiopulmonary limitations. Metabolic equivalents of a task
(MET) can be helpful with assessing exercise tolerance. Patients who are able to perform four
MET's or greater are regarded to have a low risk for perioperative morbidity [169]. Climbing
a flight of stairs roughly equates to four MET's; when patients are able to do so, they are
considered to be fit for elective surgery.

When patients are adequately evaluated, risks can be communicated between treating
physicians, patients and family members. If the patient is deemed fit for surgery, these
preoperative consultations help provide an optimal perioperative environment for patients
and minimize the risk of preventable complications.

4. Standardized care by the use of clinical pathways

An increasing number of surgical procedures are performed each year for abdominal malig‐
nant diseases. The indications for surgery are expanding and the surgical techniques are
becoming more sophisticated. However, surgical morbidity remains high, especially after
major abdominal surgery such as gastric, esophageal, liver, pancreatic or colorectal surgery.
There is an increasing need for protocoled care and new care pathways for surgery to reduce
surgical impact and perioperative morbidity [170].

Since the last decade of the twentieth century, fast‐track or enhanced recovery care protocols
for surgical care gained popularity. These clinical pathways are aimed at reducing surgical
morbidity by reducing the perioperative physiological and psychological stress and enhancing
patients’ recovery (see Figure 2) [171, 172]. The physiological changes a patient must endure
during and after surgery are influenced by many different factors. Therefore, enhanced
recovery pathways are aimed at a multimodal approach in which the surgeon, anesthesiologist,
nurse, nutritionist, and physiotherapist all contribute in improving the patient’s recovery [173–
175].

As mentioned before, the surgical stress is influenced by many factors, such as the surgical
procedure itself, intraoperative hypothermia, low glucose levels due to perioperative fasting,
intraoperative anesthetics, pain, and being bedridden. These stressors are specific targets for
enhanced recovery pathways. The key elements in enhanced recovery pathways are mini‐
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mized preoperative fasting, limited use of incisions, catheters, and drains, early resumption
of oral diet, early mobilization after surgery and optimal pain control using patient controlled
(epidural) analgesia [170, 173, 174, 176–178].

These elements relieve patients of previously described stressors that are the cause of postop‐
erative morbidity and delayed recovery. The result of enhanced recovery pathways can be seen
in a reduction of postoperative complications and subsequently a shortening of median
hospital stay [179–181].

Figure 2. Important elements of enhanced care protocols for perioperative care.

4.1. Upper GI surgery

4.1.1. Standardized postoperative care

A number of general enhanced recovery pathways developed for colorectal cancer are also
applicable to esophageogastric surgery patients. Aspects that will be discussed in this section
are preoperative nutrition, timing of postoperative oral intake, use of nasogastric and decom‐
pression catheters, early mobilization, and urinary catheter use.

As stated before, malnutrition is associated with adverse outcome in esophagogastric surgery
[182, 183]. Although evidence for preoperative feeding interventions is limited [184], it is still
recommended to screen for and treat malnutrition in gastroesophageal cancer patients by
optimization of nutritional intake with oral feeding supplements [178, 185]. Dietary interven‐
tions have not shown to be beneficial in patients who do not suffer from malnutrition [186].
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Nasogastric decompression recommendations during the postoperative phase are different
after gastric and esophageal surgery. Evidence against nasogastric decompression after
gastrectomy is strong, as several meta‐analyses show deleterious effects of routine nasogastric
tube placement [187, 188]. Furthermore, its routine use does not reduce surgical morbidity.
Additionally, patients without decompression have fewer pulmonary complications, earlier
passage of flatus, earlier resumption of oral intake, and a shorter length of stay [188].

In patients undergoing esophagectomy, in contrast to gastrectomy patients, gastric conduit
decompression is recommended. The aim of the nasogastric tube is to prevent gastric stasis,
pain, vomiting, and aspiration. On the other hand, nasogastric tubes are associated with
increased epistaxis, dislodgement of the catheter, and pulmonary infections [189]. One RCT
that studied the effect of nasogastric tube decompression, however, found a reduction in
pulmonary complications [190]. All in all, gastric conduit decompression via nasogastric tube
is recommended [185].

Timing of resumption of oral diet is challenging after gastrectomy and esophagectomy with
important differences between the two. After gastrectomy, there is evidence to support early
resumption of liquid intake (the first day following surgery) and to further increase this
according to tolerance, starting with light food on day two [178]. Conversely, there are no
studies that report adverse outcome after early and patient controlled introduction of oral diet
in gastrectomy patients [178].

Resumption of oral intake after esophagectomy is somewhat unclear and traditionally
conservative. There are some studies that have investigated early oral intake after gastric and
gastroesophageal resection [191, 192]. After total gastrectomy (n = 77) and esophagectomy (n
= 2), earlier discharge was seen in the enteral feeding group [192]. However, no esophagectomy‐
specific studies have been published on this subject, which makes it difficult to give evidence‐
based recommendations.

After esophagogastric surgery, nutritional support is indicated if 60% of desired oral intake is
not achieved by the end of the first week, as is suggested by a large review [162]. High‐energy
oral sip feeds is the preferred method, but enteral tube feeding can be used when this is not
possible.

Strong evidence exists that bed rest is associated with several adverse outcomes. For example,
even in healthy individuals, bed rest has been shown to decrease maximal oxygen uptake (VO2
max) [193]. Despite this, very few specific postoperative protocols have been developed with
good evidence‐based support [194]. Nonetheless, early postoperative mobilization from day
one, which can be supported by written day‐to‐day patient instructions, is regarded as good
practice [178, 185]. Adequate analgesia is a requirement for effective early mobilization.

Urinary catheters are often used for patients monitoring, especially in the early postoperative
stage. However, there are some notable disadvantages for the use of catheters, including
restricted patient mobility and an increased risk of urinary tract infection. Furthermore, they
have shown to be a predictor for longer length of stay [195]. Transurethral catheters can and
should be removed on day one or two postoperatively if the presence of the catheter is not
required for monitoring [178].
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should be removed on day one or two postoperatively if the presence of the catheter is not
required for monitoring [178].
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In conclusion, many aspects of enhanced recovery pathways can be implemented in upper GI
surgery. However, there are some points specific to upper GI that require special attention.
These include the use of nasogastric tubes, early mobilization, timing of resumption of oral
diet, and use of urinary catheters. These points are generally not well studied but recommen‐
dations for daily practice can be made using the available evidence as outlined above.

4.2. Colorectal surgery

4.2.1. Colorectal surgery

Colorectal carcinoma (CRC) is the fourth most common cancer worldwide for both males and
females. Surgery remains an important aspect of curative treatment of CRC, and also the
patient in the palliative setting is frequently operated on due to the obstructive nature of the
disease. Perioperative care for patients undergoing colorectal surgery has improved signifi‐
cantly over the past decades, mainly due to the introduction of enhanced recovery pathways
and the implementation of less invasive surgical techniques. It has been shown that these
programs have a positive influence on the duration of the hospital admission and overall
complication rate [196].

The recommendations that are supported by grade A evidence will be further elucidated in
this section. Furthermore, recommendations that require further high quality research will be
mentioned here as well.

Preoperative preparation of the patient includes fasting protocols and mechanical bowel
preparation. Recent guidelines have altered the traditional nil by mouth period (fasting from
midnight) to a minimum period of two hours, based on a high‐quality meta‐analysis [197]. It
has been shown that prolonged fasting before surgery does not increase the pH of gastric
content nor does it influence the aspiration risk during and after surgery.

Mechanical bowel preparation (MBP) has been used in combination with oral antibiotic
therapy since the 70’s to decrease the bacterial load in the bowel lumen prior to surgery.
However, from the many studies have been conducted since, no convincing evidence arose
regarding the beneficial effects of MBP alone, which in part explains why MBP has been
abandoned in many institutions. In fact, several articles described possible harmful effects
associated with mechanically cleansing the bowel, such as prolonged postoperative ileus and
spillage of bowel content into the abdominal cavity [198]. However, none of these studies
included an arm where a combination of MBP and oral antibiotics was compared to MBP and
oral antibiotics alone. Furthermore, several studies have shown a reduced length of stay and
lower risk of surgical site infection when patients were subjected to both oral and mechanical
bowel preparation [199, 200].

Another important change that has been observed in daily practice is the intravenous admin‐
istration of antibiotics as opposed to oral administration, mostly because of practical reasons.
A recently conducted Cochrane Review has focused on the timing, type and administration
route of antibiotic prophylaxis and, but concluded that robust evidence on this is still lacking
[201]. It seems that a combination of oral and intravenous prophylaxis is most effective in

Improving Outcome in Gastrointestinal and Hepatopancreaticobiliary Surgical Oncology by Preoperative Risk...
http://dx.doi.org/10.5772/64775

83



decreasing the risk of surgical site infection, as are antibiotics that cover both aerobic and
anaerobic bacteria [201]. For intravenous antibiotics, it is generally accepted that the optimal
timing of administration is 30–60 min before surgery [202]. No recommendations can be made
for timing of oral antibiotics based on the available literature.

An important way of reducing the surgical stress is the use of epidural analgesia. It reduces
the use of opioids during the postoperative phase, which in turn provides rapid awakening,
early intake and mobilization, and therefore improves gastrointestinal motility [203]. Besides
the adverse effects on postoperative ileus, important side effects of opioids on the respiratory
function and central nervous system have been described [204]. There is an important lack of
level A evidence against the use of NSAIDs during the postoperative phase. However,
retrospective data and animal studies have shown an increased risk for anastomotic leakage
with the use of NSAIDs [205–207]. It is therefore recommended to refrain from the prescription
of NSAIDs following colorectal surgery.

4.3. HPB surgery

In some centers worldwide that perform hepatopancreatobiliary surgery, similar enhanced
recovery pathways have been implemented as to those that have been described in the previous
sections for gastroesophageal and colorectal surgery. Naturally, there are similarities between
the pathways for gastrointestinal surgery and HPB surgery such as early resumption of oral
intake, early mobilization, the use of laxatives postoperatively and the use of epidural
analgesia [176, 208, 209]. There are, however, a number of important specific considerations
for enhanced care pathways in the field of liver and pancreatic surgery that will be addressed
in this section.

4.3.1. Liver surgery

Laparoscopic surgery is being practiced increasingly more in the field of abdominal sur‐
gery in general and has become the gold standard for many procedures such as the chole‐
cystectomy. Minimal invasive keyhole surgery decreases postoperative morbidity and
facilitates faster recovery after surgery. Minimizing incisions is one of the elements of many
enhanced care pathways for that reason. Due to surgical technical challenges, the laparo‐
scopic approach for liver surgery was introduced later than for gastrointestinal surgery. In
the early period of laparoscopic liver surgery, only minor liver resections were performed,
such as the left lateral sectionectomy [210]. Today, the number of laparoscopic liver surgery
procedures is growing both for minor and major liver resections, yielding promising re‐
sults [211, 212].

Traditionally, the placement of prophylactic intra‐abdominal drains after liver surgery is a
strategy that has been used for the early detection of postresectional hemorrhage and bile
leakage. Intra‐abdominal drains, however, have negative effects as well; they can cause
ascending intra‐abdominal infections and can be uncomfortable for the patient, thereby
delaying postoperative recovery. In this day and age, with improved abilities to perform CT‐
or ultrasound‐guided drainage of intra‐abdominal fluid collections, abdominal drains have
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become obsolete for uncomplicated partial liver resection when regarding the number of
postoperative complications and reinterventions [213]. In some cases, the use of a prophylactic
drain can be advocated, for example, when surgery with vascular or biliary reconstruction is
performed or when, in the case of central liver resection, the risk of a postoperative biloma or
hemorrhage increases [214, 215].

4.3.2. Pancreatic surgery

Pancreatic adenocarcinomas are notorious for causing severe weight loss in patients, and, as
mentioned before, cachexia is an important challenge in this patient group. Therefore, an
optimal preoperative nutritional status is a key element in the enhanced recovery pathways
for pancreatic surgery. Fortunately, the majority of the patients that undergo a pancreatic
resection are not malnourished and have minor to intermediate weight loss. This group does
not need additional nutritional support. However, patients that do suffer from severe weight
loss and are in a state of malnourishment are in need of receiving additional nutrition. This
can be administered either by oral supplements or by enteral tube feeding if necessary [176,
216].

Cholestasis is one of the side effects of pancreatic carcinoma. This occurs when the common
bile duct is obstructed by the tumor mass. Preoperative biliary drainage of the common bile
duct should be considered in severe jaundiced patients. Preoperative biliary drainage can be
performed by the placement of a stent in the common bile duct via endoscopic retrograde
cholangiopancreatography (ERCP). When the common bile duct is inaccessible via ERCP due
to impassable obstruction in the bile duct or duodenum, biliary drainage can be performed via
percutaneous transhepatic cholangiography (PTHC). A serum bilirubin concentration >250
μmol/l is associated with an increased risk of postoperative morbidity. Patients with a higher
serum concentration of bilirubin should therefore receive preoperative biliary drainage [176,
217].

In most enhanced recovery protocols, the routine use of prophylactic abdominal drains after
surgery is discouraged because of drain‐related morbidity. There has been a recent debate on
the routine use of prophylactic abdominal drains after pancreaticoduodenectomy (PD). After
a PD, an abdominal drain is normally placed for early detection of anastomotic leakage or
hemorrhage. Leakages of the pancreaticojejunostomy or the hepaticojejunostomy can have
detrimental effects and are potentially lethal. However, drain‐related complications have also
been reported, and earlier studies with small patient groups showed promising results
regarding postoperative complications in patients that were treated without a prophylactic
abdominal drain [218]. In addition, early drain removal was shown to be beneficial for
postoperative morbidity [219]. In a recent RCT, the abandonment of prophylactic drain use
had a detrimental effect on postoperative mortality. Therefore, prophylactic drain use is still
advised for safe postoperative care after PD in all patients [220, 221]. In the coming years, new
evidence will have to show if the use of prophylactic abdominal drains can be abandoned in
low‐risk patients undergoing a PD.
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4.4. ICU care

4.4.1. Handover

The transfer from the operating theatre to the intensive care unit is the first step in standardized
postoperative care, and should therefore be considered a crucial one. Agarwal et al. report a
substantial improvement in quality of the handover when using a standardized and structured
method of communication in pediatric patients who underwent cardiac surgery. They
compared the knowledge of medical providers regarding patient information following the
handover by means of a questionnaire. The knowledge of the clinical team members after the
structured handover was 92% compared to 69% in case of the verbal handover. Furthermore,
the outcome differences between these two groups were assessed. In the verbal handover
group, 5.4% were in need of cardiopulmonary resuscitation compared to 2.6% in case of the
structured handover (p = 0.043). The same was true for the need of mediastinal re‐exploration:
9% versus 5.5% respectively (p = 0.043). Metabolic acidosis occurred in 6.7% of cases of verbal
handover versus 2.6% structured handover (p = 0.004) and successful early extubation could
be conducted in 43.2% and 50% respectively (p = 0.04). It could therefore be concluded that a
structured handover should be a part of the standardized postoperative care.

4.4.2. Extubation

Early extubation is known to be a predictive factor for early discharge. Cheng et al. already
stated that early extubation led to a decrease of 25% of the total costs of CABG surgery. This
cost reduction is a result of early discharge of the ICU and, consequently, from the hospital
itself. Consequences for the patients are not described in this article but can be imagined. In
cases of intubation, patients are often sedated and immobile. Immobilization induces a
significant decrease in muscle mass and strength. As stated before, the loss of muscle mass
strongly hampers recovery in oncological surgery.

4.4.3. Mobilization

Mobilization is a crucial part of enhanced recovery programs that has been explained earlier
in this chapter. In case of ICU admittance, the patient usually receives cardiovascular support
by means of vasopressin or respiratory support by mechanic ventilation and oxygenation.
Obviously, these conditions make mobilization rather difficult. However, Brahmbhatt et al.
conducted an intervention‐based study in which the intervention group (n = 49) was subjected
to daily interruptions of sedation. Patients in the intervention group received physical and
occupational therapy during the earliest days of critical illness. Outcome parameters were
functional status at hospital discharge, duration of delirium and ventilator‐free days during
the first 28 days. In 29 patients (59%) of the intervention group independent functional status
was reached compared to 19 patients (35%) of the control group (n = 55) (p = 0.02). Furthermore,
a shorter period of delirium (median 2 days) was observed in the intervention group compared
to 4 days in the control group (p = 0.02), as well as a significant increase in ventilator free days:
23.5 versus 21.1 days respectively (p = 0.05).
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4.4.4. Complication management

The intensive care unit uses several instruments to increase insight into risk management. The
most used and internationally recognized are the Simplified Acute Physiologic Score (SAPS),
Sequential Organ Failure Assessment (SOFA), ASA‐score, and Acute Physiology and Chronic
Health Evaluation (APACHE score).

4.4.5. SAPS score

The Simplified Acute Physiologic Score, otherwise known as SAPS, can be used to predict
hospital mortality. Patients with a higher SAPS score have a higher mortality. The latest version
of the SAPS score instrument is SAPS II. SAPS III has also recently been validated. Recent
studies show a good discrimination by SAPS III, but a poor calibration.

4.4.6. SOFA score

The SOFA score consists of six different scores, which are organ specific. These score the
respiratory, nervous, renal, and cardiovascular system, liver and coagulation. Each item can
be scored between one and four, which results in a score between seven and 28.

Figure 3. American Society of Anesthesiologist (ASA) categorization.

4.4.7. ASA classification score

Originally, the ASA physical status classification system was developed by the American
Society of Anesthesiologists and consisted of five categories (see Figure 3). The system was
designed to have a quick method to classify the physical fitness of patients. Later a sixth
category was added.

4.4.8. APACHE score

The APACHE score was originally designed for patients in the intensive care unit. The
designers were trying to develop a quantification method for the severity of disease of ICU‐
admitted patients.

The score is calculated by the use of different parameters: PaO2, temperature, mean arterial
pressure, arterial pH, heart rate, respiratory rate, Glasgow Coma Scale and blood analysis for
sodium, potassium, creatinine, hematocrit, and white blood cell count. All of these measure‐
ments should be conducted in the first 24 hours of admission; the score should not be changed

Improving Outcome in Gastrointestinal and Hepatopancreaticobiliary Surgical Oncology by Preoperative Risk...
http://dx.doi.org/10.5772/64775

87



during the course of admission. The latest version is the APACHE IV, which has been con‐
structed using a new logistical regression equation, a different set of variables and statistical
modeling to improve accuracy.

5. Improving postoperative outcome

5.1. Cardiopulmonary exercise testing

With expanding indications for surgery and a population that grows increasingly older, patient
selection for extensive surgery becomes more important. To assess if patients are fit for major
abdominal surgery, surgeons and anesthesiologists need objective tools. Cardiopulmonary
exercise testing (CPET) can be used as an objective instrument to assess the cardiopulmonary
fitness of a patient in an outpatient setting.

The test originated from exercise physiology, and was later adopted by other clinical depart‐
ments for the determination of physical condition. Since recent years, different surgical
departments use CPET to objectively assess high‐risk patients before taking the patients to the
operation theatre.

Cardiopulmonary exercise testing is an objective way to assess a patient’s maximal cardiores‐
piratory fitness. CPET is performed on a cycling ergometer or on a treadmill. During the test,
ventilation gas exchange parameters are measured by breath analysis and cardiac parameters
are monitored by electrocardiogram. Ventilation gas analysis is used to determine oxygen and
carbon dioxide exchange. Different protocols can be used for CPET, but cycling ergometry with
an incremental or ‘ramped’ workload is most common [222].

By gradually increasing the workload for the patient, the oxygen demand in the muscles also
increases. When the oxygen demand exceeds oxygen delivery, the anaerobic threshold (AT) is
passed. The AT, together with the maximal or peak oxygen uptake (VO2peak),is valuable
parameters which reflect the maximal cardiopulmonary capacity of a patient [222].

Several CPET‐derived variables have been associated with morbidity, mortality and length of
stay after major intra‐abdominal surgery, in particular the AT and VO2peak. Hence, CPET can
be used to identify patients with decreased cardiopulmonary reserve, which are those patients
who have an increased risk for morbidity and mortality after major intra‐abdominal surgery
[223–225].

Subsequently, patients with an increased perioperative risk based upon low CPET scores can
be offered preoperative exercise therapy or so‐called prehabilitation prior to surgery to
improve their fitness and thereby reducing perioperative risk.

5.2. Prehabilitation/exercise interventions

Prehabilitation and exercise interventions can be applied in frail elderly to reduce the risks of
perioperative morbidity and mortality. The main intention of exercise is to counter the weight
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loss and therefore improve muscle strength and function. This will consequently lead to
improved daily functioning and better quality of life in these patients.

Even though resistance exercise is known to increase muscle strength in older patients, it seems
to have little effect on the actual muscle mass itself. However, several reviews and meta‐
analyses found an improved physical functioning and overall quality of life in cancer patients
from physical exercise [226, 227]. Furthermore, it has been shown that low or decreased
physical functioning in the preoperative phase is associated with postoperative complications
[228, 229].

In addition to the role of exercise, nutritional intake has an important influence on physical
functioning as well. Elderly often have a poor intake, which hampers muscle development and
strengthening. It has been shown that the intake of amino acids combined with physical
exercise elicits the greatest anabolic response [230], and that essential amino acids in particular
stimulate muscle protein synthesis [231]. Beta‐hydroxy‐beta‐methylbutyrate (HMB) has
shown to be a promising effective nutritional supplement in the increase of protein turnover
[232]. When in older men and women HMB supplementation was combined with a resistance
training program, an increase in lean body mass and decrease in body fat was observed, when
compared to the placebo group. [233]. When older men and women were administered
additional nutrition supplements with HMB, their functionality, strength, and lean body mass
improved [234], as did their protein turnover [235]. Other studies have found a positive effect
of whey protein on protein turnover rates when consumed within 1 hour after their exercise
regimen [236].

Recently, the PACES study (Physical exercise during Adjuvant Chemotherapy Effectiveness
Study), experienced beneficial effects from exercise on functionality. In this study, 230 patients
with breast cancer were included and got either a home‐based physical activity program
(Onco‐Move), a moderate to high‐intensity supervised training combined with resistance and
aerobic exercise (OnTrack) or usual care program. Patients with either the Onco‐Move or
OnTrack program showed less decline in their cardiorespiratory fitness and physical func‐
tioning. They also showed less nausea, vomiting and pain during their therapy compared to
the usual care program. Both intervention groups returned to work sooner and worked more
hours per week compared to the control group [237].

As noted before, multiple dimensions can be assessed when evaluating frailty. In addition to
physical parameters, emotional factors and cognition should be assessed as well [238]. Indeed,
psychotherapy has showed to significantly reduce fatigue in patients who were treated for
cancer [239]. Furthermore, interventions with a more general approach, aiming at psycholog‐
ical distress, mood and physical symptoms, are effective in reducing fatigue [240].

5.3. Dietary interventions/optimized nutrition

Malnutrition is very common amongst the hospitalized population as a whole, and the
prevalence increases even further for patients undergoing surgery for upper gastrointestinal
or colorectal malignancies [241, 242]. It has been stated that around 50% of all patients
undergoing surgery for cancer suffer from malnutrition. It is associated with adverse out‐
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comes, including increased morbidity and mortality and decreased quality of life. Further‐
more, it has been shown to be a prognostic indicator for disease specific survival in various
types of cancers [243]. Interestingly, and despite the important impact malnutrition has on
health care costs, the assessment of nutritional status has not yet been implemented in daily
practice [244].

Several factors have been identified that predispose patients to malnutrition, including
anorexia, cachexia and the early satiety sensation frequently experienced by individuals with
cancer. Furthermore, metabolic alterations induced by the presence of the tumor or tumor
factors can compromise nutritional status. An increased inflammatory status, which is often
observed in patients suffering from a malignancy, can trigger a cascade of molecular events,
including increased lipolysis and muscle proteolysis, a syndrome referred to as cancer
cachexia [245]. Cachexia has been especially well described for patients with solid tumors of
the pancreas and upper gastrointestinal tract and less often in patients with lower gastroin‐
testinal cancer.

Clinicians have been aware of the importance of nutritional status for surgical outcome for
over 80 years. Surprisingly, this has not yet led to the development of a generally accepted
screening system for malnourished patients or patients at risk for malnourishment. Several
screening tools have been proposed and validated for this purpose: the nutritional risk index
(NRI), prognostic nutritional index (PNI), subjective global assessment (SGA), malnutrition
universal screening tool (MUST) and short nutritional screening questionnaire (SNAQ) to
name some. These tools, together with certain anthropometric measurements, such as body
mass index (BMI) and serum markers of nutrition (e.g. albumin) can aid in the risk assessment
and the development of a treatment plan. Significant weight loss (>5% of weight loss during
the 6 months prior to surgery) was found to be as a reliable marker for malnutrition as SGA,
MUST and NRS, whilst a low BMI was not [243, 246].

5.3.1. The obesity-paradox

A high BMI is associated with better outcome in cancer patients [247], which is often referred
to as the obesity‐paradox. However, recent studies investigated the hypothesis that adipose
tissue may only have a protective effect in case of abundant muscle tissue, which is often the
case in obesity. In order to do so, muscle mass, fat mass and BMI were measured in patients
undergoing surgery for a malignancy. Indeed, a high BMI (>25) was associated with a longer
overall survival. However, the shortest survival was observed in patients with a relatively high
BMI but with a low muscle mass, i.e. in patients with sarcopenic obesity [248].

6. Conclusion

Surgery for cancer of the alimentary tract involves extensive and complex procedures. These
surgical procedures have improved in the last decades; new techniques and treatment options
have broadened the field of surgical oncology for abdominal cancers. Despite this improve‐
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ment, the postoperative outcome, in terms of postoperative morbidity, remains a significant
issue for the patient and the physician.

One of the biggest challenges, in regard to postoperative outcome, is the aging population that
undergoes surgery for cancer. Functional compromise, defined by several conditions such as
fatigue, sarcopenia, cachexia, malnutrition, the presence of comorbidities and frailty, is
especially common in the elderly patient, making them more susceptible to surgical stressors.
Several screening tools have been developed to assess the presence of these conditions in order
to identify avoidable perioperative risks.

There is an increasing need for protocoled care and new care pathways to reduce perioperative
morbidity. The introduction of fast‐track and enhanced recovery programs has led to a faster
patient recovery and a reduction of complications after abdominal surgery. These care
programs are aimed at reducing the surgical stressors. General principles of such programs
are: minimized preoperative fasting, limited use of incisions, catheters and drains, early
resumption of diet and early mobilization after surgery and optimal pain control. In addition,
every type of surgery has its specific recommendations for protocoled care.

A multimodal approach is recommended when planning surgery for a compromised patient,
including control of chronic diseases, referral to a geriatric specialist and optimizing nutritional
status and exercise tolerance. Cardiopulmonary exercise testing can be used before surgery to
determine the patient’s cardiorespiratory fitness. Subsequently, exercise interventions before
treatment can be used in cancer patients with a poor cardiorespiratory fitness to improve the
treatment results. Regarding the nutritional status, this can be compromised due to cancer‐
related anorexia and cachexia. Preoperative assessment of the nutritional status should be
considered, as malnourishment can have a negative effect on the postoperative outcome.
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Abstract

Cancer therapy is a dynamically evolving field. Chemotherapy and biologic agents
impact the magnitude and duration of immunosuppression in the already-immuno-
compromised cancer hosts who are then susceptible to a broad spectrum of infectious
complications ranging from mild opportunistic infections to severe, fatal neutropenic
sepsis. Numerous bacterial, fungal, and viral organisms have been implicated dictating
varied preventative  approaches.  Rapid assessment  and risk  stratification of  febrile
patients  identify  individuals  requiring  hospital  admission.  Timely  delivery  of
antimicrobials reduces the risk of complications and death. Herein, we summarize the
current “state of art” in the management of infection in the cancer patient. We detail the
advances in antibacterial and antifungal therapy.

Keywords: Cancer, Fever, Infection, Neutropenia, Chemotherapy

1. Introduction

Cancer patients are at a risk for development of severe infections. Predisposing factors include
severe  neutropenia,  impaired  neutrophil  function,  and  B-cell,  T-cell,  or  NK-cell  defects.
Patients  with  chronic  lymphocytic  leukemia  often  have  hypogammaglobulinemia  which
increases  susceptibility  to  encapsulated  bacteria.  Patients  with  advanced  solid  tumors
including head and neck cancer, lung cancer, gastrointestinal malignancy, and pancreatic
cancer are commonly malnourished. Malnutrition impairs immune function and increases the
susceptibility to infection. Chemotherapy, biological agents, and high-dose steroids may also
cause significant immunosuppression, thereby increasing the risk for infection. In the United
States,  approximately 60,000 patients  are admitted due to neutropenia,  annually.  One in
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fourteen of these patients dies secondary to sepsis-related complications [1]. The estimated
daily cost of hospitalization is $2,000–$3,000 [2]. Advances in infection control and antimicro-
bial  stewardship  are  therefore  important  to  diminish  the  impact  of  infections  in  these
immunocompromised hosts.

2. Cancer therapy–related infections

Most single chemotherapeutic agents used for the treatment of solid tumors do not cause
prolonged neutropenia and are therefore associated with a low risk for bacterial infections.
Additionally, they do not cause significant suppression of T-cell function leading to clinically
relevant viral reactivation. On the other hand, induction and consolidation chemotherapy for
acute leukemia may result in severe, prolonged neutropenia, thereby not only increasing the
risk of bacterial and fungal infections but also predisposing to herpes simplex virus (HSV)
reactivation [3].

Epidermal growth factor receptor (EGFR) inhibitors are commonly used in the treatment of
solid tumors. Cetuximab is a chimeric murine-human IgG1 monoclonal antibody that is used
in the treatment of head and neck cancer and advanced colorectal cancer. Panitumumab is a
fully human IgG2 monoclonal antibody used in the treatment of advanced colorectal cancer.
Erlotinib and gefitinib are used in the treatment of lung adenocarcinoma. These EGFR
inhibitors may be associated with acneiform eruptions and paronychia. Severe skin toxicities
complicated by infection, abscess, and sepsis have also been reported. Trastuzumab and
pertuzumab are anti-HER2 monoclonal antibodies used in the treatment of breast cancer. In a
meta-analysis of 13 randomized studies of breast cancer patients (N = 10,094), treatment with
trastuzumab was associated with 8.5 % (95 % CI 4.5–15.4 %) incidence of high-grade infection
and 12.0 % (95 % CI 8.1–17.4 %) incidence of febrile neutropenia in the absence of high-grade
neutropenia or leukopenia [4].

Mammalian target of rapamycin (mTOR) inhibitors (temsirolimus and everolimus) is used in
the treatment of advanced renal cell carcinoma. Severe lymphopenia, neutropenia, and sepsis
have been reported. Immunosuppression with these agents may increase the risk of oppor-
tunistic infections including Pneumocystis jiroveci pneumonia (PJP). In a meta-analysis of ten
randomized trials of cancer patients (N = 3,535), everolimus and temsirolimus were associated
with a 21 % (95 % CI 15.0–28.9 %) risk of high-grade infections [5].

Vascular endothelial growth factor receptor/tyrosine kinase inhibitors (VEGFR-TKIs) block
angiogenesis by inhibiting VEGF and other growth factors. They are used in the treatment of
a variety of tumors including chronic myelogenous leukemia (imatinib, dasatinib, nilotinib),
renal cancer (sunitinib, sorafenib, pazopanib, and axitinib), hepatocellular carcinoma (sorafe-
nib), colorectal cancer (regorafenib), thyroid cancer (sorafenib, vandetanib), and sarcoma
(cediranib). In a meta-analysis of 27 randomized trials (N = 16,488), VEGFR-TKIs significantly
increased the risk of developing severe (1.69-fold) and fatal infectious events (1.78-fold) in
cancer patients [6].
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Monoclonal antibodies that target B lymphocytes cause significant cellular immunosup-
pression predisposing to bacterial, fungal, and viral infections. Reactivation of hepatitis B
virus (HBV) is more common compared to other viruses such as herpes simplex virus
(HSV), varicella zoster virus (VZV), cytomegalovirus (CMV), and Epstein-Barr virus (EBV)
[7]. These agents should not be administered to patients with active infection. Anti-CD20-
directed monoclonal antibodies (rituximab, ofatumumab, and obinutuzumab) are used in
the treatment of lymphoproliferative disorders. Their use is associated with HBV reactiva-
tion resulting in fulminant hepatitis, hepatic failure, and death [8, 9]. Anti-CD30-directed
monoclonal antibody (brentuximab vedotin) is used in the management of relapsed
Hodgkin’s lymphoma and anaplastic large-cell lymphoma. Its use is associated with pro-
longed severe neutropenia and neutropenic fever. Cases of progressive multifocal leu-
koencephalopathy (PML) and death due to JC virus infection have also been reported
[10]. Anti-CD38-directed monoclonal antibody (daratumumab) is used in the management
of refractory multiple myeloma. Its use is associated with myelosuppression. Herpes zos-
ter occurs in 3 % of patients. Antiviral prophylaxis to prevent herpes zoster reactivation
should be initiated within one week of starting daratumumab and continued for three
months following the last dose [11]. Anti-CD52-directed monoclonal antibody (alemtuzu-
mab) is used for treatment of chronic lymphocytic leukemia. It induces severe and pro-
longed lymphopenia and increases the risk of serious and potentially fatal bacterial, viral,
fungal, and protozoan infections. Prophylactic medications against PJP and herpes virus
infection during treatment and for at least 2 months following last dose or until CD4+
counts are ≥200 cells/μL are recommended. Close monitoring for CMV reactivation is also
recommended [12].

Signaling lymphocyte activation molecule family 7 (SLAMF7) is present on myeloma cells and
natural killer cells. Anti-SLAMF7-directed monoclonal antibody (elotuzumab) is administered
in combination with lenalidomide and dexamethasone for refractory myeloma. Bone marrow
suppression and increased risk of opportunistic, fungal, and herpes zoster infection have been
reported [13].

Janus kinase (JAK) 1/2 inhibitor, ruxolitinib, is used for the treatment of polycythemia vera
and myelofibrosis. Its use is associated with impairment of dendritic cell and T-cell function
and reduction in cytokines resulting in the development of serious bacterial, fungal, and viral
infections. Opportunistic infections reported include HBV reactivation, disseminated tuber-
culosis, Cryptococcus pneumonia, toxoplasmosis retinitis, and PML [14, 15].

Checkpoint inhibitors target cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and
programmed cell death-1 (PD-1) receptor. Anti-CTLA-4 antibody (ipilimumab) is used in the
treatment of melanoma. Anti-PD-1 antibodies (nivolumab and pembrolizumab) are used in
the management of melanoma and lung cancer. Checkpoint inhibition is associated with
immune-mediated adverse events including pneumonitis, colitis, hepatitis, nephritis, derma-
titis, and endocrinopathies. High-dose glucocorticoids are used in the management of grade
2 or greater immune-related toxicities, which increase the risk for development of opportun-
istic infections.
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3. Role of antimicrobial prophylaxis in the prevention of cancer-related
infections

Infection risk in patients with cancer depends on several factors including age more than 65
years, tumor burden (size and number of lesions), regimen and intensity of cytotoxic chemo-
therapy, duration of neutropenia, degree of mucositis, and associated comorbidities. Intense
cytotoxic chemotherapy causes prolonged neutropenia which impairs the inflammatory
response and predisposes the individual to serious infection(Figure 1).

Figure 1. National Comprehensive Cancer Network (NCCN) criteria for risk of infection in patients undergoing che-
motherapy [16].

Neutropenia is a major risk factor for the development of infections. Neutropenic fever is more
common after chemotherapy for hematologic malignancies than solid tumors. Preventive
measures against infections involve antimicrobial prophylaxis for patients receiving chemo-
therapy regimens associated with greater than or equal to twenty percent risk for fever and
neutropenia.

3.1. Antibacterial prophylaxis during neutropenia

Patients receiving combination or dose-intensive chemotherapy are at increased risk for
prolonged neutropenia [absolute neutrophil count (ANC) < 1,000/μL lasting more than 7 days]
and bacterial infections. Gram-negative bacilli are associated with life-threatening infections.
In a meta-analysis of neutropenic patients (18 trials, N = 1,408) with solid tumors and hema-
tological malignancies, fluoroquinolone prophylaxis (ciprofloxacin, norfloxacin, enoxacin, and
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ofloxacin) significantly lowered the incidence of gram-negative infections by 80 % (RR, 0.21;
95 % CI 0.12–0.37) when compared with placebo and by 70 % when compared with trimetho-
prim-sulfamethoxazole (TMP-SMX). Quinolone prophylaxis did not alter the incidence of
gram-positive bacterial and fungal infections or infection-related deaths [17]. In another meta-
analysis of afebrile neutropenic patients (109 trials, N = 13,579) with hematologic malignancies,
antibiotic prophylaxis significantly decreased all-cause mortality (RR 0.66, 95 % CI 0.55–0.79)
and infection-related mortality (RR 0.61, 95 % CI 0.48–0.77) compared to placebo or no
intervention. Quinolone prophylaxis was associated with the most significant reduction in
mortality [18]. Ciprofloxacin is more potent than levofloxacin against gram-negative bacteria.
Nevertheless, levofloxacin with wider activity against gram-positive cocci may benefit as a
prophylactic agent for mucositis-associated infections.

Levofloxacin prophylaxis in high-risk patients with anticipated prolonged neutropenia
reduces clinically significant bacterial infections including gram-negative bacteremia [19].
Prophylaxis in low-risk patients with anticipated short-duration neutropenia decreases fever
and hospitalization for febrile neutropenia, but not infection-related mortality [20]. Fluoro-
quinolone use may be associated with hypersensitivity reactions, prolonged QTc interval,
tendon rupture, peripheral neuropathy, seizures, Clostridium difficile diarrhea, Streptococcus
viridans bacteremia, and methicillin-resistant Staphylococcus aureus (MRSA) infection [21–23].

The National Comprehensive Cancer Network (NCCN) guidelines panel recommends the use
of fluoroquinolone prophylaxis (levofloxacin) for patients with anticipated prolonged neutro-
penia. Antibacterial prophylaxis is not recommended for anticipated short-duration neutro-
penia due to the risk of emergence of quinolone-resistant bacteria [24].

3.2. Antifungal prophylaxis

Patients with acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS) and
allogeneic hematopoietic stem cell transplant (HSCT) recipients are at increased risk for life-
threatening infections with yeasts or molds. Candida and Aspergillus species are the most
common pathogens. Amphotericin B (AMB) has activity against both Candida spp. and
Aspergillus spp. but is too toxic for antifungal prophylaxis.

Studies supporting antifungal prophylaxis in patients undergoing induction chemotherapy
for AML have shown that fluconazole is superior to placebo in preventing invasive candidia-
sis [25] and is as effective as amphotericin B [26]. However, fluconazole lacks activity against
molds. Itraconazole has activity against both Candida and Aspergillus species. It significantly
reduces invasive fungal disease (IFD) compared to fluconazole at the cost of greater toxicity
[27–29]. Voriconazole is active against a wider range of fungi including Candida spp., Aspergillus
spp., Scedosporium spp., and Fusarium spp. [30]. Nevertheless, data supporting voriconazole
prophylaxis in the non-transplant AML population is limited. Posaconazole has broader
antifungal coverage including Candida spp., Aspergillus spp., Scedosporium spp., Fusarium spp.,
and Mucorales. It is the only agent that has demonstrated survival benefit in prophylaxis against
mycosis during AML induction therapy [31]. Azoles (itraconazole, voriconazole, and posaco-
nazole) inhibit cytochrome P450 3A4 isoenzyme and may decrease the clearance of antineo-
plastic agent vincristine. Caspofungin is active against both Candida and Aspergillus spp. It has
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similar efficacy as itraconazole and is better tolerated [32]. It may therefore be a reasonable
substitute for antifungal prophylaxis in patients who are unable to tolerate oral posaconazole.

Antifungal prophylaxis in patients undergoing HSCT is more complex due to concerns for
poor oral absorption due to mucositis and drug interactions with antineoplastic and immu-
nosuppressive medications. Fluconazole decreases invasive candidiasis and IFD-related
mortality. Itraconazole has superior efficacy than fluconazole in prevention of IFD. Coadmi-
nistration of itraconazole with antineoplastic conditioning regimens containing cyclophos-
phamide is associated with increased incidence of renal and hepatic toxicities. Voriconazole is
as effective as itraconazole and is better tolerated [33]. Micafungin is as efficacious as itraco-
nazole with less toxicity [34]. In patients with GVHD requiring immunosuppressive therapy,
posaconazole has demonstrated improvement in IFD-related mortality (1 % vs. 4 %, p = .046)
compared to fluconazole [35, 36] (Figure 2).

Figure 2. Primary antifungal prophylaxis in patients with hematologic disorders. HSCT, hematopoietic stem cell trans-
plant; MDS, myelodysplastic syndrome; AML, acute myeloid leukemia; GVHD, graft-versus-host disease.

3.3. Anti-pneumocystis prophylaxis

P. jiroveci pneumonia (PJP) is a potentially life-threatening infection that may occur in immu-
nocompromised individuals with acute lymphocytic leukemia (ALL) and recipients of
allogeneic HSCT and alemtuzumab therapy. Patients receiving purine analog therapy,
temozolomide in conjunction with radiation therapy, and high-dose glucocorticoids (equiva-
lent to ≥20 mg of prednisone daily for 4 or more weeks) may also be at risk.

In patients with AML or solid organ transplantation, prophylaxis with TMP/SMX compared
to no treatment or treatment with fluoroquinolones reduced the incidence of PJP infections by
85 % (RR 0.15, 95 % CI 0.04–0.62; ten trials, 1,000 patients) and PJP-related mortality by 83 %
(RR 0.17, 95 % CI 0.03–0.94; nine trials, 886 patients). Reduction in all-cause mortality was not
observed. There was also no difference between once daily vs. thrice weekly TMP/SMX [37].
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TMP/SMX is superior to dapsone and pentamidine in allogeneic HSCT recipients [38, 39]. PJP
prophylaxis is administered for six months in allogeneic HSCT recipients and longer in
patients with GVHD. ALL patients should receive prophylaxis till completion of
immunosuppressive therapy. For those receiving alemtuzumab, anti-PJP prophylaxis is
continued for a minimum of 2 months beyond alemtuzumab therapy or when the CD4+ cell
count is above 200 cells/μL [16].

3.4. Antiviral prophylaxis

Most cancer patients are at low risk of contracting viral infections. Immunosuppression may
however predispose them to respiratory tract viral infections. Reactivation of HSV, VZV, and
HBV is more likely to occur during intensive chemotherapy. EBV and CMV occur in the setting
of allogeneic HSCT. The risk of viral infection increases with the intensity and duration of T-
cell suppression. The extent of neutropenia is less important.

3.4.1. Influenza virus

Inactivated influenza vaccine is administered annually to patients undergoing chemotherapy
[40]. Patients receiving induction or consolidation therapy for AML or those who have received
anti-B-cell antibody within the last six months are excluded. Vaccination should be adminis-
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considered unprotected if they were vaccinated less than 2 weeks before start of immunosup-
pressive therapy. These patients should be revaccinated at least three months after the cytotoxic
therapy is discontinued [41]. Acute leukemics should be vaccinated after completion of
chemotherapy. Patients with ALL should receive the vaccine during the maintenance phase of
their therapy [42].
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Reactivation of latent HBV occurs in patients with leukemia (ALL, AML, and chronic lym-
phocytic leukemia (CLL)), lymphoma, myeloma, and breast cancer, transplant recipients, or
patients receiving high-dose steroids, anti-CD 20 antibodies, alemtuzumab, or purine ana-
logs. Screening tests include hepatitis B surface antigen (HBsAg), hepatitis B core antibody
(anti-HBc), and HBV DNA. Patients who are HBsAg positive/anti-HBc positive or HBsAg
negative/anti-HBc positive are at risk for reactivation. Antiviral therapy should be initiated
in patients with HBsAg-positive/anti-HBc-positive serology either prior to or concurrent
with cytotoxic therapy. HBsAg-negative/anti-HBc-positive patients may be monitored for
reactivation with HBV DNA and Alanine Transferase (ALT) levels and antivirals initiated
at reactivation. Evidence of reactivation includes change in the HBV DNA from undetecta-
ble to detectable, or ≥1 log rise in HBV DNA level above baseline, or seroconversion from
negative to positive HBsAg status. ALT should be monitored to assess hepatic function in
the setting of HBV reactivation [43]. HBV DNA is monitored monthly during cytotoxic
therapy and then every 3 months after completion of therapy. Antiviral therapy should be
continued for 6 months after completion of cytotoxic therapy and for longer than 12
months in patients treated with anti-CD 20 monoclonal antibodies. HBV prophylaxis re-
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sults in 87 % relative risk reduction of reactivation [43]. It also prevents fulminant hepatitis
[44]. Entecavir is more effective than lamivudine and is associated with lower incidence of
viral resistance and hepatitis [9]. Allogeneic HSCT candidates with evidence of active HBV
infection should receive antiviral therapy for three to six months prior to initiation of con-
ditioning [45].

3.4.3. Herpes simplex virus (HSV)

Reactivation and infection with HSV occur in patients undergoing induction therapy for acute
leukemia and HSCT recipients. Prolonged neutropenia and mucositis are major predisposing
factors. The risk of HSV reactivation is highest in the first 30 days following allogeneic
transplant. Screening tests include HSV-1 and HSV-2 IgG antibodies. In a meta-analysis of nine
randomized trials of HSCT recipients, acyclovir prophylaxis reduced HSV infection (RR 0.19,
95 % CI 0.11–0.31) without impacting overall mortality [46]. Antiviral prophylaxis with
acyclovir or valacyclovir is therefore recommended in HSV-seropositive patients. The antiviral
agent is administered with the initiation of the conditioning regimen and is continued till either
engraftment occurs or the mucositis has resolved. Patients with chronic lymphocytic leukemia
(CLL) receiving alemtuzumab therapy are also at risk for HSV infection. Antiviral prophylaxis
is recommended for 2 months beyond alemtuzumab therapy or when the CD4+ cell count is
above 200 cells/μL [47].

3.4.4. Varicella zoster virus (VZV)

Reactivation of VZV occurs in seropositive HSCT recipients. Screening test includes VZV IgG
antibody. Antiviral prophylaxis with acyclovir or valacyclovir for one year post transplant
significantly reduces reactivation compared to no therapy (9 % vs. 25 %, p < 0.001) [48]. Patients
receiving T-cell-depleting agents (proteasome inhibitors, purine analogs, and predni-
sone ≥ 1 mg/kg/day) are also at risk for VZV infection. Antiviral prophylaxis is continued until
the immunosuppressive therapy is completed [49]. Recommendations for CLL patients
receiving alemtuzumab include continuing VZV prophylaxis for 2 months beyond completion
of treatment or when the CD4+ cell count is above 200 cells/μL.

3.4.5. Cytomegalovirus (CMV)

Reactivation and infection with CMV occur in allogeneic hematopoietic transplant recipients
and patients receiving alemtuzumab treatment [50]. Screening test includes weekly quantita-
tive CMV testing (CMV DNA by polymerase chain reaction (PCR) or CMV pp65 antigen from
peripheral blood leukocytes). CMV blood testing is done for at least six months after allogeneic
HSCT. Patient receiving alemtuzumab therapy should undergo surveillance during treatment
and for at least 2 months after completion of treatment. Preemptive therapy for patients with
CMV viremia is recommended rather than administering toxic antiviral prophylaxis. Treat-
ment is continued for 2 weeks or until CMV viremia is no longer detectable. First-line therapy
includes intravenous ganciclovir or oral valganciclovir. Ganciclovir is associated with bone
marrow suppression. Second-line option foscarnet is nephrotoxic. Both acyclovir and valacy-
clovir are less toxic and also less active than ganciclovir.
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4. Management of febrile neutropenia

4.1. Definitions

Fever is defined as a single oral temperature of ≥38.3 °C (101 °F) or a temperature of ≥38.0 °C
(100.4 °F) for 1 h or longer [24]. Neutropenia is defined as an absolute neutrophil count (ANC)
of <1,000 cells/μL. Severe neutropenia is defined as an ANC of <500 cells/μL. Profound
neutropenia is defined as an ANC of <100 cells/μL. Prolonged profound neutropenia (lasting
>7 days) is likely to occur in patients undergoing induction chemotherapy for acute leukemia
or after allogeneic HSCT. Functional neutropenia occurs in patients with hematologic malig-
nancy whose circulating neutrophils have impaired phagocytosis. These patients are at risk of
infection despite “normal” neutrophil counts [51].

4.2. Initial assessment and investigations

Febrile neutropenia is a medical emergency requiring immediate evaluation and administra-
tion of empiric broad-spectrum antibiotics within an hour of presentation [24]. The initial
assessment focuses on not only determining the probable site of infection but also the patient’s
risk of developing serious complications and the need for vigorous resuscitation. Relevant
historical information should include the chemotherapy regimen, number of chemotherapy
cycles, days since receiving anticancer treatment, concomitant use of biologic agents and
steroids, growth factor support, prophylactic antimicrobials, recent surgery or radiation
therapy, prior infections, HIV status, and other comorbid illnesses. Laboratory evaluation
should include complete blood count with differential, renal, and hepatic function tests and
cultures from all potential sites including sputum, urine, stool, skin, and mucosal ulcers as
clinically relevant. At least two sets of blood cultures from peripheral veins or one set each
from a peripheral vein and a central venous catheter should be drawn. Chest radiographs
should be evaluated in patients with signs or symptoms of lower respiratory tract infection.

4.3. Risk stratification

Patients with febrile neutropenia are risk stratified into high- or low-risk groups based on the
probability of development of serious infection-related complications.

4.3.1. The Talcott model

Patients are assigned to one of four Talcott model risk groups in the first 24 h of presentation.
In the prospective validation study of this model (N = 444), medical complications developed
in 5 % group IV patients compared to 34 % in combined groups I–III (p < .000001). There were
no deaths in group IV patients compared to 10 % deaths in combined groups I–III. Medical
complications included hypotension, tachyarrhythmias, congestive heart failure, respiratory
failure, serious bleeding, altered mental status, new focal neurologic changes, and intensive
care admission [52] (Figure 3).
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Figure 3. The Talcott model.

4.3.2. The MASCC risk index

The Multinational Association for Supportive Care in Cancer (MASCC) risk index uses
weighted scores based on disease burden, clinical instability, age, and comorbid conditions.

The maximum theoretical MASCC score is 26. Low-risk patients have a MASCC score ≥21 and
mortality as low as 3 %. High-risk patients with MASCC score <15 have a mortality as high as
36 %. The MASCC rule does not consider the duration of anticipated neutropenia as a criteria
for risk stratification [53]. Both Talcott model and MASCC index score are used to identify low-
risk febrile neutropenic patients who are suitable for outpatient management.

4.3.3. The NCCN model [16]

The NCCN guidelines panel considers high-risk febrile neutropenic patients as those with
MASCC scores of less than 21. The panel further recommends that patients with prolonged
profound neutropenia should be considered high risk, regardless of the MASCC risk index
score. Other factors stratifying patients as high risk include those noted in Figure 4. These high-
risk febrile neutropenic patients require hospital admission and parenteral therapy (Figure 5).

Figure 4. The MASCC risk index score.

Oncology Critical Care126



Figure 3. The Talcott model.

4.3.2. The MASCC risk index

The Multinational Association for Supportive Care in Cancer (MASCC) risk index uses
weighted scores based on disease burden, clinical instability, age, and comorbid conditions.

The maximum theoretical MASCC score is 26. Low-risk patients have a MASCC score ≥21 and
mortality as low as 3 %. High-risk patients with MASCC score <15 have a mortality as high as
36 %. The MASCC rule does not consider the duration of anticipated neutropenia as a criteria
for risk stratification [53]. Both Talcott model and MASCC index score are used to identify low-
risk febrile neutropenic patients who are suitable for outpatient management.

4.3.3. The NCCN model [16]

The NCCN guidelines panel considers high-risk febrile neutropenic patients as those with
MASCC scores of less than 21. The panel further recommends that patients with prolonged
profound neutropenia should be considered high risk, regardless of the MASCC risk index
score. Other factors stratifying patients as high risk include those noted in Figure 4. These high-
risk febrile neutropenic patients require hospital admission and parenteral therapy (Figure 5).

Figure 4. The MASCC risk index score.

Oncology Critical Care126

Figure 5. High-risk factors in febrile neutropenic patients.

4.4. Outpatient therapy for low-risk patients

Febrile neutropenic patients with MASCC scores ≥ 21 or in Talcott group 4 are at low risk for
infection-related complications provided they do not have active comorbidities or organ
dysfunction. These patients can be managed safely as outpatients if they live close to a medical
facility, agree to frequent clinic visits, and have 24-h caregiver support at home with easy access
to telephone and transportation. Low-risk patients should receive initial doses of empirical
antibacterial therapy within an hour of triage. They should then undergo a brief period of
observation (at least 4 h) in a medical facility to determine the suitability for outpatient
management or the need for hospitalization [51].

The majority of febrile neutropenic episodes in patients receiving chemotherapy for solid
tumors are low risk. Bacterial infections are the presumed culprits for unexplained fever.
Fungal infections are uncommon, and reactivation of viruses is rare. In a cohort of low-risk
febrile neutropenic patients (N = 757), unexplained febrile episodes were predominant (58 %),
followed by equal frequency (21 %) of both clinically significant and microbiologically
documented infections. The most common clinical sites of infection were the upper respiratory
tract and skin. Among microbiologically documented infections, monomicrobial gram-
positive infections accounted for 49 % (coagulase-negative staphylococci most frequent)
followed by monomicrobial gram-negative infections (36 %, Escherichia coli predominant) and
polymicrobial infections (15 %) [54].

Two randomized control trials (RCTs) of low-risk febrile neutropenic inpatients reported
similar efficacy of oral ciprofloxacin plus amoxicillin/clavulanate vs. an IV regimen (ceftazi-
dime or ceftriaxone plus amikacin) [55, 56]. Ciprofloxacin monotherapy provides suboptimal
coverage for gram-positive organisms including viridans group streptococci [57]. Levofloxacin
is more active against gram-positive bacteria but less active than ciprofloxacin against
Pseudomonas [58, 59]. A randomized trial (N = 333) reported similar efficacy (80 % vs. 82 %) of
oral moxifloxacin compared to oral ciprofloxacin plus amoxicillin/clavulanate. Neurologic
events were more common with moxifloxacin, and diarrhea was more common with the
combination therapy [60].
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Antibacterial therapy in low-risk patients with negative blood cultures is continued for at least
two afebrile days after ANC recovery to ≥500 cells/μL or for five to seven days in the absence
of myeloid reconstitution [61]. A meta-analysis of RCTs of low-risk febrile neutropenic patients
reported that outpatient oral and parenteral antibiotics had similar efficacy (RR 0.93). The site
of care (outpatient vs. inpatient) was not significantly associated with treatment failure (RR
0.81) [62]. The rate of hospital admission in patients receiving outpatient empiric therapy is in
the range of 3–10 %.

The American Society of Clinical Oncology (ASCO) panel recommends empiric oral fluoro-
quinolone (ciprofloxacin or levofloxacin) plus amoxicillin/clavulanate for low-risk febrile
neutropenic patients. Ciprofloxacin plus clindamycin is an alternative for penicillin-allergic
patients [24, 51]. The NCCN panel recommends moxifloxacin monotherapy for patients who
may not require Pseudomonas coverage. However, patients who have received fluoroquinolone
prophylaxis before fever developed are at increased risk for infection with antibiotic-resistant
strains including MRSA, vancomycin-resistant Enterococcus (VRE), and ESBL-producing gram-
negative bacteria. These patients therefore require hospital admission and initial management
with broad-spectrum parenteral antibiotics [24] (Figure 6).

Figure 6. Management of low-risk febrile neutropenia.

4.5. Initial empiric antibacterial therapy for high-risk patients

Fever through periods of prolonged profound neutropenia during induction chemotherapy
for acute leukemia or pre-engraftment phase of allogeneic HSCT may be due to serious or life-
threatening infections. Febrile neutropenic patients with severe comorbidities, hepatic or renal
dysfunction, or MASCC scores < 21 or in Talcott groups 1–3 are also at a high risk for infection-
related complications. These patients should receive emergent evaluation, prompt resuscita-
tion, and timely administration of broad-spectrum parenteral antibiotics to avoid progression
to a sepsis syndrome and possibly death. A retrospective study of patients with severe sepsis
reported decreased overall mortality (19.5 % vs. 33.2 %; p = .02) in patients who received
antibacterial therapy within 1 h of presentation as opposed to latter [63].

The selection of initial antibacterial agent for high-risk febrile neutropenic patients is guided
by clinical stability, recent antimicrobial use, medication allergy, potential site of infection, and
susceptibility patterns of institutional pathogens. Empiric antibiotic regimens should have a
broad spectrum (gram-positive and gram-negative coverage), bactericidal activity, antipseu-
domonal activity, and minimal toxicity. Current guidelines recommend initial monotherapy
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with antipseudomonal beta-lactam agent, such as cefepime, meropenem, imipenem-cilastatin,
or piperacillin-tazobactam [16, 24]. None of these agents is superior in the empiric treatment
of febrile neutropenia. However, ceftazidime monotherapy is avoided due to limited activity
against viridans group streptococci and rising resistance rates among gram-negative bacteria
[64].

Combination therapy is not superior to empiric monotherapy but may be associated with more
adverse effects. Aminoglycoside plus antipseudomonal agent may be considered for suspected
gram-negative bacteremia or sepsis syndrome or if the institution has high levels of gram-
negative-resistant bacteria [65–67].

Empiric vancomycin therapy is not associated with a benefit in mortality. Nevertheless, there
is concern regarding emergence of vancomycin-resistant Enterococcus (VRE) and S. aureus and
increased incidence of hepatic and renal toxicity [68–71]. Current guidelines do not support
its use as a routine component of the initial regimen. However, its empiric use is appropriate
for suspected vascular catheter-related infection (CRI), gram-positive bacteremia, cellulitis,
severe mucositis, hypotension or septic shock, pneumonia, and known colonization with
MRSA or drug-resistant Streptococcus pneumoniae [72–75]. Vancomycin is usually discontinued
after 48 h if cultures fail to grow resistant gram-positive organisms. In a randomized trial of
febrile neutropenic patients with proven or suspected gram-positive infection (N = 611),
linezolid demonstrated similar efficacy and safety when compared to vancomycin [76].
Linezolid is therefore an alternative for vancomycin-intolerant patients and vancomycin-
resistant gram-positive pathogens. Myelosuppression may limit its use in patients with
compromised bone marrow function.

Neutropenic sepsis is a major cause of mortality. Diagnostic criteria include altered mental
status, systolic hypotension of ≤100 mm Hg, and tachypnea of >22 breaths/min. These patients
should receive aggressive resuscitation and monitoring in an intensive care unit. Patients in
septic shock require vasopressors to maintain mean arterial pressure (MAP) ≥ 65 mm Hg
despite adequate fluid resuscitation and have a lactate level >2 mmol/L. Stress-dose steroids
(50 mg hydrocortisone every six hours for 5–7 days) may benefit those with ongoing hypo-
tension (systolic blood pressure <90 mm Hg for more than 1 h) refractory to fluid resuscitation
and vasopressor support [77]. RCTs of patients with severe sepsis demonstrated that high-dose
steroids (>300 mg hydrocortisone per day) increased overall mortality and the risk of secon-
dary infections [78–81]. The initial empiric antimicrobial regimen should include a broad-
spectrum beta-lactam plus aminoglycoside plus vancomycin. In addition, antifungal agents
such as fluconazole or an echinocandin may be strongly considered.

The empiric broad-spectrum antibacterial should be continued until the patient is afebrile for
at least 2 days and the ANC is ≥500 cells/μL on at least one occasion but is showing a consistent
increasing trend. Documented infections should be managed with appropriate antimicrobials
based on blood culture and susceptibility results. High-risk patients with persistent unex-
plained fever despite 3–5 days of antibacterial therapy should undergo assessment for
undiagnosed fungal infection. Empiric coverage for Candida and/or for molds should also be
considered (Figure 7).
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Figure 7. Management of high-risk febrile neutropenia.

4.6. Empiric antifungal therapy

Persistent fever refers to an episode of fever during neutropenia that does not resolve after 4
days of broad-spectrum antibacterial agents. Recurrent fever refers to a new episode of fever
during neutropenia that occurs >2 days after resolution of a first fever while continuing broad-
spectrum antibacterial therapy. Patients with prolonged neutropenia with persistent or
recurrent fever are at increased risk for life-threatening infections with yeasts or molds. Early
detection of these invasive fungal diseases (IFDs) is challenging because of limited sensitivity
and specificity of clinical presentation and investigative modalities. As an example, the mere
isolation of Candida spp. from sputum, urine, or stool samples ascertains colonization only and
is not indicative of invasive infection requiring treatment [82].

Definitive diagnosis of IFD requires histological evidence of deep tissue invasion or positive
culture from normally sterile sites. Whereas histopathology has the ability to make organism-
specific diagnoses in only a few cases, the results of fungal cultures may not be available in a
timely fashion for clinical decisions. Furthermore, repeated biopsies and microbiologic
samplings may be difficult to obtain in critically ill neutropenic patients. Although molecular
diagnostics have the potential for increased sensitivity and a rapid turnaround time, it lacks
the ability to differentiate invasive infection from colonization or contamination. The detection
of fungal-specific antibodies also does not consistently differentiate between previous expo-
sure and active disease.

Fungal antigen detection assays target components of the fungal cell wall that are shed during
fungal growth. The β-(1-3)-d glucan (BDG) test detects Candida, Aspergillus, Pneumocystis, and
Fusarium species in serum specimens. It has a sensitivity of 63–90 % and specificity greater than
95 %. False-positive results may occur in patients on hemodialysis and those receiving
intravenous immunoglobulin. The galactomannan (GM) assay detects Aspergillus species in
both serum and bronchoalveolar lavage (BAL) specimens. It has a sensitivity of 70–89 % and
specificity of 85–92 % in patients with hematologic malignancies [83]. BAL testing is more
sensitive than serum testing in patients with invasive pulmonary aspergillosis [84]. False-
positive results have been noted with other filamentous fungi. While the BDG assay is capable
of detecting a broad range of fungi, both serum BDG and GM assays have similar sensitivi-
ties for Aspergillus species [85].

“Empiric” antifungal coverage is administered to patients without an identified fever source.
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Two RCTs of patients with persistent febrile neutropenia showed that the addition of empiric
amphotericin B (on day 4 of fever or on day 7) to continued antibacterial regimen reduced the
frequency of IFD [86, 87]. Initiation of antifungal agents after 4–7 days of persistent fever thus
became the standard of care. Amphotericin B (AMB) use is limited by infusion reactions and
renal toxicity. Subsequent studies have therefore focused on identifying safer and equally
effective alternatives. Lipid formulations of amphotericin B (L-AMB) are as effective but less
nephrotoxic [88]. Fluconazole lacks activity against molds (Aspergillus spp.) [89, 90]. Itracona-
zole has similar efficacy as AMB but less toxicity [91]. It should be used with caution in patients
with reduced ejection fraction or heart failure. Intravenous formulation is not available in the
United States. Erratic oral bioavailability precludes its use as an empiric agent. Voriconazole
is superior to L-AMB (fewer breakthrough fungal infections). Isavuconazole is non-inferior to
voriconazole with improved tolerability and safety. Caspofungin has similar efficacy as L-
AMB (Figure 8).

Figure 8. Alternatives to empirical amphotericin B (AMB); L-AMB, lipid formulations of amphotericin B.

“Preemptive” antifungal treatment is administered only when the evidence of IFD is suggested
by positive fungal biomarker and/or high-resolution imaging (CT chest/sinus) results. In a
meta-analysis of nine published studies of high-risk patients presenting with persistent febrile
neutropenia, diagnostic-driven strategy significantly reduced antifungal use (RR 0.48, 95 % CI
0.27–0.85) and cost without increasing IFD-related mortality (RR 0.82, 95 % CI 0.36–1.87) or
overall mortality (RR 0.95, 95 % CI 0.46–1.99) [92]. Candida and Aspergillus are the most common
fungal pathogens causing invasive disease. The widespread use of azole prophylaxis has
substantially decreased the incidence of invasive candidiasis (IC) in comparison to Aspergillus
and other molds. Serum BDG test is a useful screening tool for both Candida and Aspergillus
species. The Fungitell (BDG) assay has a positive cutoff value of >80 pg/mL. Though a negative
test result does not rule out the diagnosis of IFD, a false-positive result may occur in patients
with mucositis whose gastrointestinal tract is colonized with Candida. Serum GM (cutoff optical
density index [ODI] > 0.5) is the current gold standard for detection of invasive aspergillosis
(IA). The sensitivity of this assay is significantly reduced in patients receiving anti-mold
prophylaxis. Combining BG and GM assays improves the diagnosis of IA [93].

Aspergillus DNAemia may precede the release of fungal GM into the bloodstream. However,
Aspergillus polymerase chain reaction (PCR) testing has not been widely implemented due to
a lack of standardization. A randomized trial reported that combined serum GM and Asper‐
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gillus PCR monitoring leads to an earlier diagnosis of invasive aspergillosis [94]. A meta-
analysis of thirteen studies (N = 1670) showed that the absence of serum GM and Aspergillus
PCR-positive test may obviate the need for antifungal agents with a negative predictive value
of 100 % [95].

The echinocandins (caspofungin, micafungin, and anidulafungin) are fungicidal against most
Candida spp. with similar efficacy [96–99]. Voriconazole is the treatment of choice for invasive
aspergillosis. Isavuconazole is non-inferior to voriconazole with fewer side effects [100].

The European Organization for Research and Treatment of Cancer (EORTC) is completing
accrual (N = 556) of a phase 3 prospective trial (NCT01288378) comparing empiric and
preemptive caspofungin therapy in patients with AML or MDS. The results of this study
should clarify the utility of diagnostic testing and the efficacy of preemptive strategies in
patients receiving antifungal prophylaxis with fluconazole (Figures 9 and 10).

Figure 9. Management of persistent febrile neutropenia. L-AMB, lipid formulations of amphotericin B.

Figure 10. Management of febrile neutropenia with invasive fungal disease. L-AMB, lipid formulations of amphoteri-
cin B.

4.7. Vascular catheter–related infections

Central venous catheters (Hickman or Mediport) are frequently used in patients undergoing
cancer treatment. Neutropenic patients are at increased risk for vascular catheter–related
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infections (CRI). The hub/lumen of the catheter is the major site of colonization and source of
infection. The differential time to positivity (DTP) of 120 min or more between centrally and
peripherally drawn blood cultures is indicative of catheter-related bacteremia. Common
pathogens include coagulase-negative staphylococci, S. aureus, and Candida spp.

Febrile neutropenic patients with clinical signs of CRI should receive empiric antipseudomonal
beta-lactam agent plus vancomycin. Catheter removal should be strongly considered for
tunnel or port-pocket infections; septic phlebitis; septic shock; endocarditis; bacteremia due to
S. aureus, P. aeruginosa, or Candida spp.; and persistent bloodstream infection despite ≥72 h of
therapy. Catheter removal is not required for coagulase-negative staphylococci bacteremia.
Antimicrobial therapy is modified after availability of blood culture and susceptibility results.
Antibacterial agents should be administered for a minimum of 14 days following catheter
removal and clearance of blood cultures. Prolonged treatment for 4–6 weeks is recommended
for bacteremia complicated with deep tissue infection, endocarditis, septic thrombosis, or
persistent bacteremia or fungemia occurring >72 h after catheter removal [24].

5. Refining infection control during cancer care

Preventing infection in cancer patients is a comprehensive initiative led by Centers for Disease
Control and Prevention to reduce infections in patients with cancer. PreventCancerInfec-
tions.org is a website that provides information about neutropenia, signs and symptoms of
infections, and methods to control them. Basic infection control and prevention plan is a tool
for outpatient oncology facilities that outlines infection control policies and procedures.
Standard precautions refer to the minimum measures to prevent infection including hand and
respiratory hygiene, proper use of gowns and gloves, injection safety, medication storage and
handling, and cleaning and disinfection of devices and environmental surfaces. Transmission-
based precautions supplement standard precautions when managing potentially infectious
patients. Medical providers should perform hand hygiene before and after contact with the
patients. The examination room should be cleaned and disinfected before using it for another
patient.

Home infection prevention measures include avoiding contact with sick people or sharing
personal items, keeping household surfaces clean, consuming clean and properly cooked food,
and practicing good oral, dental, and skin hygiene. Patients should be instructed to contact
their provider immediately in the event of fever, redness, swelling, or drainage from surgical
and vascular catheter sites. Annual influenza vaccination with the inactivated virus is recom-
mended for all caregivers.

High-risk patients with febrile neutropenia require hospital admission. Allogeneic HSCT
recipients should be confined in private rooms with >12 air exchanges/h and high-efficiency
particulate air filtration. Non-transplant patients do not require a private room. Household
pets, fresh flowers, and plants should not be allowed in the rooms [24]. Patients should take
daily showers, maintain good health hygiene, and eat well-cooked foods. Rectal thermometers,
enemas, suppositories, and rectal examinations should be avoided during periods of neutro-
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penia. Healthcare workers and visitors with symptomatic infections should avoid contact with
the neutropenic patient. Hospitals should conduct periodic risk assessment of multidrug-
resistant organism acquisition and transmission.

6. Conclusions

Infection is an important cause of morbidity and mortality in cancer patients. Febrile neutro-
penia is a frequent and expensive complication of myelosuppressive chemotherapy. Evidence-
based guidelines provide strong recommendations for the empiric management of initial fever
and persistent fever. The management of febrile patients receiving anti-yeast or anti-mold
prophylaxis is still evolving. The best management of recurrent fever remains unanswered.
Judicious use of antimicrobial prophylaxis is an important infection prevention strategy. Hand
hygiene, contact precautions, and disinfecting patient-care equipment remain crucial ap-
proaches for preventing the spread of infections in medical facilities. The repertoire of new
medications for the treatment of cancer is continually expanding. Physicians should be vigilant
of the immunosuppressive potential and the risk of opportunistic infections associated with
the use of these newer biologics.
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Abstract

Nutrition support is important in the care of patients with both acute and chronic illness.
Optimizing nutritional support for the critically ill and patients with acute and chronic
respiratory disorders has been shown to shorten length of stay, shorten duration of
mechanical ventilation, lower health-care costs and reduce morbidity and mortality
while improving functional quality of life. Nutritional requirements are difficult to
predict  in  patients  diagnosed  with  cancer  due  to  their  disease  processes,  altered
inflammatory  responses  and  metabolic  rates  among  many  other  variables.  Often
predictive equations are used to estimate energy requirements and the average dietary
energy  intake  needed  to  maintain  energy  balance.  Energy  requirements  can  be
estimated through the use of  over 200 predictive equations.  Utilization of  indirect
calorimetry as the ‘gold standard’ for measuring resting metabolic rate (RMR) and
resting energy expenditure (REE) can provide support in all states of health and disease.
This chapter will  identify and discuss the role of indirect calorimetry, examine the
reasons  why  indirect  calorimetry  is  more  reliable  than  predictive  equations  in
determining  a  patient’s  calorie  requirement,  and  when  it  is  most  applicable  to
incorporate indirect calorimetry measurements in the care of cancer patients.

Keywords: indirect calorimetry, nutrition, resting energy expenditure, predictive
equations, critical illness

1. Introduction

Nutritional support is important in the care of patients with acute and chronic illness. Up to
50% of hospitalized patients are clinically malnourished, which is associated with increased
infectious morbidity, increased hospital length of stay and mortality [1]. Optimizing nutri-
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tional support of the critically ill and patients with acute and chronic respiratory disorders
reduces  morbidity  and  mortality,  shortens  hospital  length  of  stay,  shortens  duration  of
mechanical ventilation, and lowers health-care costs while improving functional quality of
life. Energy needs vary according to activity level and state of health and can vary greatly
particularly  in  the  critically  ill,  malnourished,  postoperative  and  infected  population.
Nutritional requirements are difficult to predict in cancer patients in particular because of
altered inflammatory responses and metabolic rates caused by the disease process itself. Siobal
and Baltz describe a functional nutrition support system to include an interdisciplinary team
approach for assessment and treatment, which incorporates an evaluation of nutritional risk,
standards  for  nutritional  support,  an  appropriate  assessment  and  reassessment  process,
proper implementation, route of support based on patient condition, and a means of measur-
ing nutrient requirements to determine whether target goals are being met [2].

Inflammation associated with disease/injury can cause anorexia and alterations in body
composition and stress metabolism. Predominantly cytokine mediated; persists as long as the
inflammatory stimulus is present. These metabolic alterations include elevated energy
expenditure, lean tissue catabolism (proteolysis), fluid shift to the extracellular compartment,
acute phase protein changes, and decreased synthesis of serum albumin, transferrin and
prealbumin. This leads to clinical deterioration of lean body mass, poor wound healing,
increased risk of nosocomial infection, weakened respiratory muscles, impaired immunity,
organ dysfunction, and increased morbidity and mortality. Several studies have shown that
metabolically stressed and malnourished patients have more negative outcomes and higher
health-care costs. Patients with continuous energy deficits have a higher ventilator-depend-
ence rate, longer intensive care unit (ICU) stay, and higher mortality [3–6].

2. Calorimetry

Calorimetry is a process that quantifies the heat release from metabolism of cellular fuels. It
provides assessment of caloric energy present in foods and allows for measurement of energy
expenditure to determine adequate calorie requirement. This information can be used for a
myriad of clinical applications. Evaluating appropriate caloric intake, avoidance of overfeed-
ing and underfeeding, and measuring caloric requirements in different disease states can be
achieved through calorimetry.

It can be measured in a direct as well as an indirect manner. Direct calorimetry measures actual
heat release from the metabolism of foods. This was carried out ex vivo. Indirect calorimetry
measures metabolism of foods in vivo. Direct calorimetry is a challenging process that requires
technical proficiency. Turell and Alexander [7] demonstrated that indirect calorimetry meas-
urements of energy expenditure are accurate within 0.6–0.7% to direct calorimetry. In this
section, the advent, mechanisms, technicalities, and limitations of indirect calorimetry are
discussed.

Indirect calorimetry is able to provide information regarding metabolic rate, energy expendi-
ture, and anaerobic thresholds. This technique has been around since late nineteenth century
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[8]. Since then various advancements have been made in this field. With these advancements,
it is becoming a staple of clinical medicine, particularly in the assessment of adequate caloric
intake.

Indirect calorimetry measures respiratory gas exchange and estimates energy production [9].
Initially, mathematical equations modeled the metabolism of carbohydrates and lipids. These
stoichiometric equations include oxygen as a reactant in conjunction with carbohydrates, or
lipids. The products of this reaction are carbon dioxide and water, with heat as a byproduct.

1g Lipid + 2.029LO2↔1.43LCO2 + 1.09gH2O [9] (1)

1g Glucose + 0.746L O2↔0.746LCO2 + 0.6gH2O [9] (2)

The heat produced from these reactions can be written as

Heat output = 3.9(VO2) + 1.1(VCO2) × 1.44 [10] (3)

VO2 = oxygen consumption in ml/min

VCO2 = carbon dioxide production in ml/min

1440 min/day, 1000 cal/kcal

Extracting chemical energy from cellular fuels is accomplished by completely oxidizing the
substrate to carbon dioxide and water [9]. The ratio of CO2 production to oxygen consumption
is referred to as the respiratory quotient (RQ) [9]. RQ is VCO2/VO2 at the cellular level which
is difficult to measure. Respiratory exchange ratio (RER) is VCO2/VO2 measured from expired
air. Under steady-state conditions, the blood and gas transport systems are keeping pace with
tissue metabolism, thus RER can be used as index of metabolic events and assumed to be
equivalent to RQ. The test was carried out when subjects are resting. During rest, the system
is noted to be under steady state. Assumptions believed to be true during indirect calorimetry
measurement, aside from RER = RQ, are that growth is not occurring, interconversion of fuels
are not occurring, and anaerobic metabolism is not occurring as it is only accurate for steady-
state oxidative metabolism.

3. Protein metabolism

Measurement of protein metabolism was thought to be to clinically challenging through
indirect calorimetry. In early 1900s, assumptions were made that a fixed percentage of total
calories arise from the metabolism of protein, and the contribution could be ignored without
effecting the estimations of energy expenditure [10]. This assumption was based on analysis
of various regional diets worldwide and that on average humans consume 10–15% of their
total calories as proteins [10, 11].
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However, ignoring the contribution of protein metabolism does add a degree of error to the
calculations. Per Turell and Alexander, a systemic error of 1.0% is introduced for each 12.3%
increment in protein contribution to the total oxidative state. Varying the degree of protein
intake does change the basal metabolic rate [12].

In 1948, Weir demonstrated calculations that allowed for protein metabolism to be included.

The nitrogen backbone present in all proteins is metabolized through various pathways in the
human body. About 80% of nitrogen is eliminated through the kidneys as urea [13]. Hence,
measuring urea excretion allows for calculation of dietary protein intake. Weir demonstrated
that quantifying urinary nitrogen over a 24-hour period could then be modeled in an equation
to measure contribution of protein metabolism. Hence, the equation can be written as below:

1g Protein + 0.966L O2↔0.782LCO2 + 0.45gH2O [9] (4)

As nitrogen is noted to be 16% of protein by weight, the subsequent equation can be written:

1g Protein = 6.25Urine Nitrogen (5)

The heat produced from combination of these fuel substrates can be written as:

Heat output = 3.9(VO2) + 1.1(VCO2) – 2.17(Urine Nitrogen) × 1.44 [10] (6)

With these comprehensive changes, the RQ for various metabolic fuels can be provided.

RQ Carbohydrate Protein Fat

1 0.802 [14] 0.718 [15]

Normal RQ values range between 0.67 and 1.2 while results outside of this range are suggestive
of technical errors.

4. Calorimeters

Specific device and corresponding instruments are used for indirect calorimetry. The several
technologies that are available require precise calibration and measurements of volume and
gas analysis. The traditional device used for decades was the Deltatrac and subsequently the
Deltatrac II [16]. It is the set gold standard for indirect calorimetry. Since then, other products
have become available. The Quark resting metabolic rate (RMR) and CCMexpress are two such
devices.

The Quark RMR metabolic meter is developed by COSMED. It is a European company based
out of Italy. Quark RMR measures VO2, VCO2, and resting energy expenditure (REE). It is also
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The nitrogen backbone present in all proteins is metabolized through various pathways in the
human body. About 80% of nitrogen is eliminated through the kidneys as urea [13]. Hence,
measuring urea excretion allows for calculation of dietary protein intake. Weir demonstrated
that quantifying urinary nitrogen over a 24-hour period could then be modeled in an equation
to measure contribution of protein metabolism. Hence, the equation can be written as below:

1g Protein + 0.966L O2↔0.782LCO2 + 0.45gH2O [9] (4)

As nitrogen is noted to be 16% of protein by weight, the subsequent equation can be written:

1g Protein = 6.25Urine Nitrogen (5)

The heat produced from combination of these fuel substrates can be written as:

Heat output = 3.9(VO2) + 1.1(VCO2) – 2.17(Urine Nitrogen) × 1.44 [10] (6)

With these comprehensive changes, the RQ for various metabolic fuels can be provided.

RQ Carbohydrate Protein Fat

1 0.802 [14] 0.718 [15]

Normal RQ values range between 0.67 and 1.2 while results outside of this range are suggestive
of technical errors.

4. Calorimeters

Specific device and corresponding instruments are used for indirect calorimetry. The several
technologies that are available require precise calibration and measurements of volume and
gas analysis. The traditional device used for decades was the Deltatrac and subsequently the
Deltatrac II [16]. It is the set gold standard for indirect calorimetry. Since then, other products
have become available. The Quark resting metabolic rate (RMR) and CCMexpress are two such
devices.

The Quark RMR metabolic meter is developed by COSMED. It is a European company based
out of Italy. Quark RMR measures VO2, VCO2, and resting energy expenditure (REE). It is also
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able to distinguish the different substrates being utilized. It can measure these values on
spontaneously and mechanically ventilated patients.

The CCM express metabolic meter is developed by MGC diagnostics, an American company.
This device also measures REE in the usual manner. It is able to perform these measurements
even when inspired oxygen concentrations are above 60%, as well as with fluctuating oxygen
concentrations.

These new products have been compared to the Deltatrac II, as the acknowledged gold
standard. Validation trials have been performed to certify the reproducibility of these calo-
rimeters [17–19]. Other trials have not shown similar results. The variance between the
Deltatrac II and these other calorimeters has been higher than clinically acceptable [16]. The
disagreement between these new calorimeters requires for further refinements for them to be
used in clinical practice. These machines need to demonstrate fidelity to the set gold standard
in multiple clinical settings. These settings include spontaneously breathing as well as
mechanically ventilated patients. The mechanically ventilated patients are the critically sick
ones [16, 20].

The M-COVX is a metabolic meter that can be fully integrated into a mechanical ventilation
circuit. It is manufactured by the Deltatrac parent company [21].

MedGem is a metabolic meter that measures VO2 alone. It makes an assumption on RQ and is
for use in spontaneously ventilated patients [21].

5. Methodology

These calorimeters can be used in spontaneously breathing or mechanically ventilated
patients. The inspired gas can be room air or a supplemental oxygen mixture. In a spontane-
ously breathing patient, an overlying canopy, face tent, or facemask can be used for gas
collection. A mouthpiece with a nose clip can also be used. In mechanically ventilated patients,
the calorimeter can be attached to the ventilator system. The total expired gas volume is
recorded for calculations [21–25].

The several technologies that are available require precise calibration and measurements of
volume and gas analysis. Although indirect calorimeters are easy to operate and understand,
there are several variables that can impact accuracy in measurements. All of the devices contain
gas analyzers and a flow/volume measuring device. Gas analyzers must be responsive and
capable of measuring minimal changes in oxygen enriched and room air environments. The
ability to measure minute changes in gas concentrations as small as 0.001% while the flow/
volume measurements must be accurate across the expected clinical range is a requirement of
these devices.

The principle of Haldane transformation assumes that nitrogen (N2) is an insoluble gas and
does not participate gas exchange. As a consequence, it is constant in both inspired and expired
volumes. Assuming that oxygen (O2) and carbon dioxide (CO2) are the only gases exchanged
in the lungs the inspired volume can be calculated from the expired volume [21].
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Calorimeters measure inspired O2 and CO2 concentration, expired O2 and CO2 concentration,
and expired gas volume. With the use of Haldane transformation, REE can be provided
through indirect calorimetry. As previously stated, measuring at steady-state approximates
REE to RQ.

Steady state is described as a patient under resting conditions. Many factors can effect
achievement of these conditions (Table 1). They include but are not limited to patients
undergoing physical stress such as fever and pain. Patients should be resting in a quiet room
without excess environmental stimuli. Changes in the environment around the patient also
affect these results [26].

30-min rest period prior (III) Measure while room temp b/t 72–77°F (II)

Not engage in any activity during said period (V) Measure in a quiet room (V)

For the duration of RER measurement, disregard

first 5 min and then continue for at least 4 min with <10%

coefficient of variation in VO2 and

VCO2and <5% for RQ (III)

At least 4 h without stimulants and 140 min without

smoking (III)

Measure while supine (II) Measure after a 7-h fast (III)

Any device ok for gas collection (III) At least 12–48 h after light-to-vigorous exercise (V)

Measure any time of day (III) At least 30 min rest after light activity (III)

If RQ < 0.67 or >1.3, assume error and repeat (II)

The Academy of Nutrition and Dietetics utilizes a grading system for determining strength of evidence of studies and
reports based on five factors. These factors are quality, consistency, quantity, clinical impact, and generalizability. The
grading system is as follows: (I) Good, (II) Fair, (III) Limited, (IV) Expert Opinion only, and (V) Grade not assigned
[27].

Table 1. Best practices for performing indirect calorimetry in healthy and non critically ill patients.

There are three areas that can pose challenges during the technical performance of indirect
calorimetry. These are patient interface, elevated oxygen concentrations, and variability of
mechanical ventilators. One interface for spontaneously breathing at rest subjects is a large
canopy that encompasses the patients head and shoulders (Figure 1). This must be adapted to
the subject and be free of potential leaks to prevent the loss of exhaled air. The canopy is
designed to ensure collection of exhaled air close to the subjects mouth yet spacious enough
for comfort and visibility. There is also an interface of a large form fitting mask that has open
slots for adequate flow circulation. Another type of mask fitting is shown here (Figure 2). Each
manufacturer identifies the ideal interface that will work well with their systems.

Many authors have described in detail about the effects of elevated oxygen on the VO2

measurement. Branson describes an 1% error in FiO2 measurement at 0.40 results in a 15%
error in VO2 measurement. An error effect comes into play when the FiO2 is close to 1, and the
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denominator of the Haldane equation (1-FiO2) approaches zero [28]. The impact of these
variables on data results is noted in Table 2 [28].

Figure 1. Carefusion canopy.

Figure 2. MedGraphics interface.

VO2 VCO2 REE RQ

Leaks Low Low Low Unchanged

Unstable FiO2 Low or high Unchanged Low or high Low or high

FiO2 > 80%* Low or high Unchanged Low or high Low or high

Mixing of inspired and expired gas

(active exhalation valve)

Normal or high Low Normal or low Low

*VO2 measurements are highly suspected.

Table 2. Effect of ventilator operation and ventilation issues on REE and RQ.
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Performances of indirect calorimetry on subjects who are mechanically ventilated have less
potential for system leaks. This closed system provides a simplified way to collect exhaled gas,
and the measurement of inspired gas can be determined easily at the inspiratory limb of a
ventilator circuit. The problems that arise in indirect calorimetry during mechanical ventilation
are fluctuations in FiO2, ventilator mode, and flow requirements. The variability in FiO2 occurs
due to increased flow demands, bias flow to provide better patient interface, and high minute
ventilation. Leaks can occur during mechanical ventilation due to unsealed airways or
incompetent tracheal cuffs, through chest tubes or bronchopleural fistulas. Other technical
aspects to consider during mechanical ventilation also include: calibration errors, recent
changes in ventilator settings that may not reflect steady state, moisture in the system, patient-
ventilator dyssynchrony, and acute hyperventilation or hypoventilation (impact physiologic
CO2).

Equipment variables and methodology of measuring gas concentrations can lead to inaccurate
results as well. At the point of data accumulation, the issue becomes how to decrease the
variance in collected data points. The variance can be due to differences in tidal volume,
respiratory rate, and other patient factors [8]. These variations can lead to changes in VO2 and
VCO2 measurements.

In order to eliminate these data variations, several techniques have been developed. They
include breath averaging, time averaging, and digital filtering [8].

Breath averages collect data points over a predefined number of breaths. The average of these
data points is used as the final result. Similarly, time averaging is the collection of data points
over pre-designated period of time. The data accrued from all of the breaths during the pre-
designated period are averaged to give one value [8].

Digital filtering removes data points that are not within a range of the median data points. In
this instance, setting the range in any one direction can drastically alter the results. If the range
is too high, then data points that are not necessarily precise can be included in the calculations
and yield a higher/lower value than accepted. If the range is noted to be too low then many
data points that are valid can be excluded from the analysis and thus providing distorted data
values [8].

Recommendations exist to add correction factor estimates to decrease the error in indirect
calorimetry as well. Patients can be defined as hypometabolic, hypermetabolic, and normal.
Correction factors can be added for dietary thermogenesis. This is the energy required for
metabolism of food. Other common correction factors are activity factors and spontaneous
ventilation [29]. Recent trials are not in complete agreement with this practice. Some clinicians
advocate for the removal of correction factors. They contend that correction factors lead to
overfeeding. Over feeding has known deleterious outcomes in patients and this should be
avoided [29]. This issue is important when dealing with patient in respiratory distress. Over
feeding will lead to an increase in RQ and subsequently an increase in minute ventilation.
Patients in respiratory distress will need to increase their minute ventilation at a time of
respiratory compromise. This scenario is often seen in patients on mechanical ventilation.
These patients will be excess nutrition that leads to them having an increase in their baseline
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minute ventilation. When the time comes for spontaneous breathing trials to assess their
readiness for spontaneous ventilation, they fail these trials as a consequence of overfeeding.

6. Interpretation

Measurement of indirect calorimetry is best performed with the patient at rest with a goal of
achieving steady state. Steady state is characterized by <5% change from baseline measure-
ments of the respiratory quotient (RQ), and 10%, respectively, for the VO2 (oxygen uptake) and
Ve (minute ventilation) during data collection. Nutrition, whether parental or enteral feeding,
need not be held. It is recommended that the subject be at rest with minimal distractions or
disturbances. Most studies consider 20–30 min of data collection an accurate reflection of 24-
hour energy expenditure. Some literature also supports an abbreviated time of 5 min of steady-
state data.

7. Predictive equations

While indirect calorimetry remains the gold standard for caloric assessment, predictive
equations provide an alternate method of determining nutritional requirements. Given the
expense associated with indirect calorimetry and advanced training required to perform
accurate metabolic studies, as well as limited availability of equipment, predictive equations
are a cost-effective strategy for broadly assessing metabolic requirements.

The Harrison-Benedict equation (HBE) is the most established method dating back to 1919,
from studies conducted in healthy, young volunteers to assess resting energy expenditure
(REE). Thus, application of these formulas in the critical care setting, particularly in the elderly,
should be with caution. While utilization of these equations remains widespread, it has been
noted that they may a results in a significant error in estimating REE. There have been
subsequent studies attempting to refine the degree of error since the development of these
equations [30, 31].

The Mifflin-St. Jeor (MSJ) equation was developed through multiple regression analyses
utilizing indirect calorimetry data in a cohort of healthy men and women, encompassing a
wider array of age and weights not taken into consideration in the original HBE [30, 31]. The
Ireton-Jones is another equation that has been validated in trials. It has been more recently
developed. It included mechanical ventilation, trauma, burns, and obesity as factors during its
development and hence is more likely to be valid in these specific clinical settings [32].

Tatucu-Babet et al. looked at 2349 publications with 18 studies included. One hundred and
sixty variations of 13 predictive equations were reviewed. Thirty-eight percent underestimated
and 12% overestimated energy expenditure by more than 10% at the group level. On an
individual level, the equations underestimated and overestimated energy expenditure in 13–
90% and 0–88% of patients, respectively. Differences of up to 43% below and 66% above indirect
calorimetry values were observed at the patient level [33].
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A criticism of predictive equations is the accuracy of application to the heterogeneous criti-
cally ill patient population. These patients have continual metabolic change, which increases
the difficulty of finding one prediction equation that will be accurate across the spectrum.
Accuracy of these equations varies significantly, ranging from approximately 40 to 70%,
where accuracy is defined as within 10% of the measured resting energy expenditure [34].
However, without the common availability of indirect calorimetry, they remain a valuable
tool for widespread baseline understanding of nutritional requirement. The equation select-
ed should be used with patients similar to the reference population from which the equation
was derived.

8. Indirect calorimetry and respiratory failure

In critically ill patients, in particular those with respiratory failure, the assessment of adequate
nutrition is paramount. Respiratory muscle strength begins to decline after a few days of
suboptimal nutrition [35]. Supplemental nutrition and overfeeding can increase oxygen
consumption and carbon dioxide production, which can have deleterious consequences in
patients with a limited ability to augment their ventilation. This can result in the need for
mechanical ventilation and may make ventilatory management and weaning difficult. In a
study of 213 ventilator-dependents patients, approximately 25% received calories within 10%
of measured energy expenditure; 32–93% were overfed, and 12–36% were underfed [36].
Patients’ energy needs predicted from equations compared to those measured via IC were 2×
as likely to develop a negative energy balance associated with longer ventilator dependence
[37]. An increasing RQ significantly correlated with increased respiratory rate and decreasing
tidal volume, indicating rapid-shallow breathing and ventilatory compromise [38]. Adequate
feeding significantly correlates with duration of ventilator dependence (r =0.494, p = 0.03) and
ICU stay (r = 0.525, p = 0.02) [39].

9. Indirect calorimetry and malignancy

There are limited studies of indirect calorimetry in the cancer population, especially with
respects to the critically ill patient population. Garcia-Peris et al. looked prospectively at
changes in resting energy expenditures measured by indirect calorimetry in patients with head
and neck cancers treated with chemoradiation. They found the REE changed significantly.
Compared to the Harris-Benedict equation, REE was represented by a U-shaped curve over
time, as compared to a decreasing line by Harris-Benedict. Further, Harris-Benedict signifi-
cantly underestimated REE before and at the end of treatment [40]. Reeves et al. looked at
resting energy expenditures in solid tumor patients undergoing therapy. They found the fat-
free, mass-adjusted REE was not significantly different between cancer patients and healthy
patients, and the limits of agreement were wide for all prediction methods, up to 40% below
and 30% above measured REE [41]. Johnson et al. compared measured and predicted resting
energy expenditures in 33 cancer patients divided in weight-stable and weight-losing group-
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ings. They found no difference in measured REE between the groups. However, the Harris-
Benedict equation predicted REE was within clinical acceptable limits for only 61% of weight-
losing and 56% of weight-stable patients, respectively [42].

In those patients with malignancy and critical illness, the accuracy of the predictive equations
may be even more skewed, as this specific patient population has not been well studied.
Further, the metabolic demands of a patient may be affected by cancers of different sites-of-
origin, different cancer cell subtypes, different stages of disease, as well as a history of prior/
ongoing chemotherapy and radiotherapy. As such, indirect calorimetry at an individual point
and trended over time may be a more accurate reflection of one’s nutritional needs.
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Abstract

Attention has heightened over the last several years to the importance of managing pain,
agitation, and delirium in mechanically ventilated patients due to the multiple long‐
term adverse effects patients experience after an intensive care unit (ICU) admission.
Furthermore, clinical practice is being molded not just by the guidelines and random‐
ized controlled trials, but also by the information gathered from real patient experiences
to improve care at the bedside. The literature continues to remain sparse for providing
guidance specifically in the oncology population. Therefore, several resources have been
combined to better assist clinicians on making sound decisions for keeping patients
comfortable on the ventilator while recognizing the differences in treatment that may
need to be employed due to these patients’ medical condition.

Keywords: Ventilation, Pain, Agitation, Delirium, Sedation

1. Introduction

One of the leading causes of an intensive care unit (ICU) admission is acute respiratory failure
where approximately 44–69% of patients with malignancies requiring mechanical ventilation
due to the progression of cancer or chemotherapy toxicity [1]. Improved survival of critically
ill oncology patients has been due to the advances in the treatment of malignancies and more
appropriate triage of patients for ICU admission [2]. Thus, not all families of intubated patients
are met with discussions for end of life or hospice care of their loved one. Goals of weaning
and extubation to allow the resumption of cancer treatment have become more common.

There is a potential increase in number of oncology patients that clinicians will manage on
mechanical ventilation in the future. Therefore, the need for appropriate protocols to treat pain,
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agitation, and delirium is especially crucial for a population on chronic pain and anxiety
medications prior to admission. However, national guidelines published by the Society of
Critical Care Medicine (SCCM) in 2013 were primarily based on data from the nononcology
population, which poses challenges in applying such concepts to these patients. Such protocol
outcomes lack support from clinical trials in oncology patients. Studies involving ICU patients
with cancer have largely focused on mortality outcomes, rather than improvement of care, due
to these patients’ overall poor prognosis. Thus, the concepts described in the SCCM guidelines
must be applied simultaneously with literature on effective treatment of pain and agitation in
noncritically ill oncology patients.

In addition to clinical trials, patient interviews conducted in the ICU are gaining more attention
to help the clinician better predict the needs of the patient on mechanical ventilation. A
prospective study, conducted in a medical ICU, evaluated the symptom experience of patients
with a present or past diagnosis of cancer admitted during an 8‐month period. The patients
expressed the procedures associated with the greatest pain or discomfort were endotracheal
suctioning, endotracheal and nasogastric tubes, mechanical ventilation, arterial puncture, and
turning. The aspects of the environment reported to be most stressful were inability to
communicate, communicate, sleep disturbances, and limited family visitation hours [2]. In this
study, patients still experienced significant discomfort despite liberal administration of opioids
and sedatives, along with the implementation of palliative care recommendations. This could
be explained by the challenge of accurately assessing pain in mechanically ventilated patients,
as well as the rate in which patients felt their stress was not relived by medications. For these
reasons, it is imperative that a multidisciplinary team acquires a consistent and universal
method by which these patients’ pain, agitation, and delirium are managed. More importantly,
the clinicians should have a strong understanding of the pharmacology of opioids and
sedatives to ensure the safest agents are chosen.

2. Pain

The prevalence of pain has not been shown to differ between patients actively receiving
anticancer treatment and those with an advanced‐ or terminal‐phase disease. Studies have also
published that on average 56–82.3% of cancer patients’ pain is not adequately treated [3]. This
emphasizes the importance of performing accurate and timely assessments of pain to ensure
appropriate treatment. As recommended by SCCM guidelines, the gold standards for pain
assessments in ICU patients are the numerical rating scale or visual analog scale (VAS) if a
patient is communicative enough to express their level of pain. In some instances, such
assessments can be challenging in ICU patients receiving high‐dose sedatives during mechan‐
ical ventilation or those with altered level of consciousness [4]. If the patient is unable to self‐
report his/her pain, then the most valid and reliable assessments for pain are the behavioral
pain scale (BPS) and the critical pain observation tool (CPOT) outlined in Tables 1 and 2 [5],
which are consistent with recommendations by NCCN guidelines for adult cancer pain. Vital
signs alone are no longer recommended for detecting symptoms of pain. They only should be
used as a cue to perform further assessments [4].
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Indicator Descriptor Score

Facial expression No muscular tension observed Relaxed, neutral 0

Presence of frowning, brow lowering, orbit

tightening, and levator contraction

Tensed 1

All of the above facial movements plus eyelid tightly

closed

Grimacing 2

Body movements Does not move at all (does not necessarily mean

absence of pain)

The absence of

movements

0

Slow, cautious movements, touching or rubbing the

pain site, seeking attention through movements

Protection 1

Pulling tube, attempting to sit up, moving limbs/

thrashing, not following commands, striking at staff,

trying to climb out of bed

Restlessness 2

Muscle tension evaluation by
passive flexion and extension of
upper extremities

No resistance to passive movements Relaxed 0

Resistance to passive movements Tense, rigid 1

Strong resistance to passive movements, inability to

complete them

Very tense or rigid 2

Compliance with the ventilator
(intubated patients)
OR

Alarms not activated, easy ventilation Tolerating ventilator or

movement

0

Alarms stop spontaneously Coughing but tolerating 1

Asynchrony: blocking ventilation, alarms frequently

activated

Fighting ventilator 2

Vocalization (extubated patients) Talking in normal tone

or no sound

Talking in normal tone

or no sound

0

Sighing, moaning Sighing, moaning 1

Crying out, sobbing Crying out, sobbing 2

Table 1. Critical pain observation tool (CPOT) [5].

Chronic pain affects greater than 60% of oncology patients, with upwards of 66% experiencing
failure of therapy [6]. Subsequently, the majority of these patients are opioid tolerant and on
high doses of narcotics prior to being admitted. Upon ICU admission, many patients do not
have oral access or have multisystem failure that can preclude them from receiving specific
types of opioids. It becomes imperative that thorough medication reconciliations are per‐
formed to determine the amount of daily opioids the patient takes at home so that they can be
converted to the most appropriate and safest formulation in the ICU. When performing such
conversions, clinicians must consider incomplete cross tolerance if the patient is placed on an
opioid they are not receiving prior to admission. Long‐term exposure to one drug can result
in the development of tolerance to those with similar structures. However, this tolerance is
rarely complete with agents that bind to different receptors, thus the analgesic effect of the
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new agent is enhanced in the patient. Without appropriate conversions, the patient is at risk
of withdrawal or overdose when rotating opioids. However, the heightened analgesic effect
due to incomplete cross tolerance can also lead to excessive side effects such as respiratory
depression, nausea, sedation, and dysphoria [7]. The total daily dose of the patient's regimen,
both IV and oral, should be converted to the opioid to be initiated in the ICU using Table 3
and reduced by 20–30% for cross intolerance. Persistent or chronic pain should be controlled
using a combination of long‐acting agents, either extended or sustained release oral formula‐
tions or continuous IV infusions, in conjunction with short‐acting agent. Long‐acting opioid
typically comprises 50% of the total daily requirement [11].

Item Description Score

Facial expression Relaxed 1

Partially tightened (e.g., brow lowering) 2

Fully tightened (e.g., eyelid closing) 3

Grimacing 4

Upper limb movements No movement 1

Partially bent 2

Fully bent with finger flexion 3

Permanently retracted 4

Compliance with mechanical ventilation Tolerating movement 1

Coughing but tolerating ventilation for most of the time 2

Fighting ventilator 3

Unable to control ventilation 4

Table 2. Behavioral pain scale (BPS) [5].

Society of Critical Care Medicine Guidelines emphasize that many sources of pain have been
identified in ICU patients related to not only surgery, trauma, burns, or cancer but also
procedures. In a comparative, descriptive study, data were obtained from over 6000 patients
to describe pain intensity and procedural distress. Procedures were defined as wound dressing
changes, turning, tracheal suctioning, and wound drainage removal. The average pain score
was 5–7, and the most distressful procedures were turning and wound care. Unfortunately,
less than 20% of these patients actually received opiates before the procedures. With proce‐
dures performed so frequently in the ICU, this remains one of the areas that is poorly managed
[12]. Therefore, it is highly encouraged patients are pre‐treated with bolus doses of opioids.

Unrelieved pain leads to long‐term negative outcomes, such as patients recalling traumatic
memories of pain during their ICU admission. It has also been shown that inadequately treated
pain is associated with physiological consequences such as increase in catecholamines leading
to arteriolar vasoconstriction, impaired tissue perfusion, catabolic hypermetabolism resulting
in hyperglycemia, lipolysis, and breakdown of muscle [4].
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Drug Oral (mg) Parenteral (mg)

Morphine 30 10

Codeine 200 100

Oxycodone 20 n/a

Hydrocodone  30 n/a

Hydromorphone 7.5 1.5

Fentanyl n/a 0.1

Methadone Use ratio of 3:1 (morphine/methadone) to convert methadone to morphine
equivalents and then convert to desired opioid

Tramadol 120 100

Table 3. Opioid equianalgesic doses [8–10].

Managing pain in ICU patients, especially the mechanically ventilated, is almost always in
conjunction with managing agitation and delirium. Therefore, pain can be managed more
effectively and appropriately with several simple concepts employed:

1. Nurses should perform consistent and accurate pain assessments using the tools validated
in ICU patients with reassessments performed after analgesics are administered to
evaluate response to therapy.

2. Intermittent boluses versus continuous IV infusion strategies should be selected based on
the frequency and severity of pain and/or patient's mental status. The use of patient‐
controlled administration (PCA) should be highly considered for patients responsive and
cognitive to control delivery of boluses.

3. The type of opioid selected for each patient should be based on the drug pharmacokinetics/
pharmacodynamics including any risks for altered clearance if the patient has evidence
of organ dysfunction (see Tables 4 and 5).

4. Oral formulations should be limited to those patients with adequate gastrointestinal
absorption.

5. Regional or neuraxial (spinal or epidural) modalities can be considered for postoperative
analgesia.

6. Administer analgesics pre‐emptively prior to procedures (i.e., chest tube removal, line
insertion, turning the patient).

7. Analgesic agents should be started prior to sedative agents if there is any suspicion of
pain. After sedatives are initiated, pain assessments can be harder to perform and less
accurate in ensuring the patient is comfortable.

8. Pain medications should be titrated upward by 10–25% and doses selected based on the
pain assessments using nursing driven scales. Opioid rotation should be considered if
pain is inadequately controlled or persistent adverse effects are experienced [11].

9. Use of nursing‐driven protocol with effective multidisciplinary discussions for adjust‐
ment of such medication orders should occur on a routine basis.
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Analgesic Onset
(IV)

Duration
of action

t½ Dosing1 Common toxicities/major precautions

Fentanyl IV 1–2 min 0.1–5 h 1.5–
6 h

25–100 mcg every
15 min PRN pain
Infusion: 25–500
mcg/h

Large volume of distribution and high
lipophilicity increasing risk of accumulation in
tissues and sedation with prolonged infusions;
less hypotension effect than morphine;
accumulation with hepatic failure; rare: chest
wall rigidity at high doses serotonin syndrome

Hydromorphone
IV

5–15
min 

4–5 h 2–3 h 0.2–0.6 mg every
15 min PRN pain
Infusion:
0.5–5 mg/h

Alternative to fentanyl and morphine if long‐
acting agent is needed; accumulation in
hepatic failure

Morphine IV 5–10
min 

3–6 h 3–7 h 2–4 mg PRN pain
Infusion: 2–15
mg/h

Common: bradycardia/hypotension,
respiratory
depression, and sedation especially at higher
doses. Caution with risk of bronchospasm,
histamine release, accumulation of active
metabolite (3‐morphine glucuronide) in renal
failure that can lead to seizures

Methadone oral 1–3
days 

4–6 h 8–59 h 2.5–10 mg every
8–12 h (titrated
slowly every 3–5
days)

Common: prolongation of QTc, sedation
Caution with multiple drug interactions;
unpredictable pharmacokinetic/
pharmacodynamics; hepatic and renal failure
will delay clearance. Rare: serotonin syndrome

Tramadol (for
polyneuropathies
as second‐line
agent in patients
who did not
respond to
opioids)

1 h 9 h 6–8 h 50 mg once or twice
daily titrated to max
of 400 mg/day

Common: somnolence, constipation, dizziness,
and hypotension. Reduce dose in renal or
hepatic
dysfunction; precipitates seizures in patients
with history of seizures or those receiving
medications that reduce seizure threshold;
may increase risk of serotonin syndrome
with SSRIs and SNRIs

1More aggressive dosing recommendations based on higher tolerance to opioids in most cancer patients. More
conservative dosing is recommended for opioid‐naïve patients.

PRN, as needed; t½, half‐life of elimination; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin and
norepinephrine reuptake inhibitors; IV, intravenous; QTc, corrected QT interval.

Table 4. Comparison of most common opioids used in oncology ICU mechanically ventilated patients [4, 13–19].

2.1. Route of administration/formulation

The route of administration preferred for non‐ICU patients is often oral, whereas for critically
ill patients, intravenous is optimal when there is known or suspected altered gastrointestinal
(GI) tract absorption. Furthermore, other routes such as intramuscular (IM), subcutaneous, or
transdermal requiring systemic absorption are frequently avoided in critically ill patients due
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to erratic and unpredictable absorption [13]. Risks of changes in perfusion due to hemody‐
namic instability and fluid shifts can lead to potentiated or subtherapeutic effects.

2.2. Pharmacokinetic/pharmacodynamic properties and side effect profile

Table 4 illustrates the comparison of the most common analgesics used in ICU mechanically
ventilated patients, with the exception of meperidine, which is discouraged in an ICU setting
due to the high risk of neurotoxicity. Methadone is occasionally avoided due to the risk of QT
prolongation, interaction with common ICU medications, and difficulty dosing. In the
oncology setting, patients taking methadone at home can be encountered, and due to its
multiple side effects, it should be converted to alternative opioids if the patient is unstable or
lacks oral access. Methadone should not be discontinued abruptly without adequate alterna‐
tive opioids initiated as replacement therapy to prevent withdrawal.

When the patient is hemodynamically unstable or has renal insufficiency, then fentanyl or
hydromorphone is recommended as first line agents. Either of two agents, in addition to
morphine, can be used for patients with no renal insufficiency or those who are stable [24].
Clinicians should also be cognitive of possible inadequate metabolism and/or clearance of
medications in patients with renal and hepatic cancers which may not be evident by laboratory
values.

2.3. Nonopioid analgesics

Opioid analgesics are most often the first line agents employed in general ICU patients with
the ease of administration and ability to titrate. However, in patients with cancer, nonopioid
agents provide a novel approach to better controlling their pain long term and helping to
reduce opioid requirements. The WHO analgesic ladder provides guidelines for the treatment
of cancer pain by suggesting a sequential three step approach based on severity of pain.
Nonopioids are recommended for mild pain, weak opioids for moderate pain, and strong
opioids for severe pain with fixed scheduled dosing according to the pharmacokinetic
properties of the drugs. Typically, the nonopioids initiated in step 1 should be continued in
conjunction with opioids added in the next step to allow for agents with different mechanisms
of actions to improve analgesic control. There are several common nonopioid agents used to
treat cancer pain that can be continued in an ICU if the patient has appropriate access. Table 5
compares the various classes of nonopioid agents and pharmacokinetics as well as common
toxicities of which to be aware when using such agents in the ICU setting. Other nonopioids
found to effective in the oncology population are bisphosphonates for bone metastases and
medicinal cannabinoids that are not encouraged in the ICU due to their unsafe profile.
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Drug/Class Onset

of

action

t½ Dosing Place in therapy Common toxicities/major

precautions

APAP IV 5–10

min

2.4 h 650 mg q4 h‐

1000 mg IV q 6 h

(max 4 gm/day)

Opioid sparing effect.

IV is a suitable agent

for the treatment of

mild to moderate

pain in patients

with no oral access

or to assist with

reaching peak levels

with the first dose

faster

Adjust dose with CrCl <30

mL/min or with CRRT

APAP PO 30–60

min

2 h 325–1000 mg q4–6

h (max 4 gm/day)

Risk for hepatotoxicity; use

lower doses in older adults,

heavy alcohol use or those

who are malnourished

Ketorolac (IM/IV) 10 min 2.4–

8.6 h

30 mg IM/IV, then

15–20 mg IM or IV

q6 h up to 5 days

(max 120 mg/day 

× 5 days)

Ketorolac for acute

pain postsurgery

Benefit has been

shown when added

to an opioid in

WHO Step 3 More

effective for cancer

pain associated with

inflammation

Avoid in renal failure, GI

bleeding, platelet abnormality,

concomitant angiotensin

converting enzyme inhibitory

therapy, congestive heart

failure; risk of drug

interactions with

anticoagulants and

corticosteroids

Ibuprofen (PO) 25 min 1.8–

2.5 h

400 mg q4 h (max

2.4 gm/day)

Ketamine 30–40

sec

2–3 h Loading dose: 0.1–

0.5 mg/kg

Maintenance dose:

0.05–0.4 mg/kg/h

May decrease doses

of concurrently

used opioids;

provides analgesia

and sedation

as a “dissociative

anesthetic”; the

treatment of chronic

cancer pain not

controlled by

opioids or opioids

plus adjuvant analgesics

Mild to severe emergence

reactions (e.g., confusion,

excitement, irrational

behavior, hallucinations,

delirium) [rare];

hypertension; arrhythmias

Steroids N/A N/A Dexamethasone

2–8 mg oral, IV, or

Useful at any step in

the WHO analgesic

Gastrointestinal bleeding;

increase risk of infection;
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Drug/Class Onset

of

action

t½ Dosing Place in therapy Common toxicities/major

precautions

*Dexamethasone

most often

prescribed because

it causes less fluid

retention due to its

lower

mineralocorticoid

effect

SQ q8 h Prednisone

7.5–10 mg daily

ladder when pain is

due to edema or

inflammation such

as metastatic bone

pain, neuropathic,

and visceral pain

increased blood pressure;

metabolic abnormalities;

psychiatric disturbances;

increased appetite, weight

gain; insomnia

Regimens should be

tapered rather than

abruptly discontinued

if therapy exceeds

2 weeks

Gabapentin (PO) N/A 5–7 h Starting dose=100

mgTID 900–3600

mg/day in three

divided doses

Neuropathic pain CNS depression (common);

confusion; ataxia; adjust dose

in renal impairment; abrupt

discontinuation associated

with drug withdrawal

syndrome; seizures; adjust for

renal impairment

Carbamazepine

(PO)

4–5 h 26–65

h,

then

12–17

h

Starting dose = 50–

100 mg BID; 100–200

mg q4–6 h (max 1200

mg/day)

Neuropathic pain Somnolence (common);

nystagmus; lethargy; Stevens‐

Johnson syndrome (rare); toxic

epidermal necrolysis;

agranulocytosis; adjust for

CrCl <10 or hemodialysis;

caution with hepatic

impairment

PO, by mouth; IM, intramuscular; IV, intravenous; CrCl, creatinine clearance; BID, twice daily; TID, three times daily;
APAP, acetaminophen; t½, half‐life of elimination; SQ, subcutaneous; CRRT, continuous renal replacement therapy; q,
every; N/A, non‐applicable; GI, gastrointestinal; CNS, central nervous system.

Table 5. Comparison of major non‐opioid analgesic classes [4,20–23].

2.4. Unconventional modes of administration

Breathlessness is often a distressing symptom in oncology patients especially during end of
life. Alternative routes of opioid administration, via inhaled nebulization and intranasal, have
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been studied. Unfortunately, data are still lacking on the efficacy of such routes of adminis‐
tration. However, benefit has been seen due to the short onset of action with these modes of
delivery. Both morphine and fentanyl have been administered through nebulization, and
fentanyl is preferred intranasally due its lipophilic properties allowing for better absorption
[21].

2.5. Protocolized management of pain

In mechanically ventilated patients, use of protocols can greatly reduce the delay in treating
pain, ICU length of stay, high dose analgesics, and duration of mechanical ventilation. It is
advised to initiate orders that allow nurses to select the appropriate dose of an analgesic agent
based on the pain scale score. Minimal data exist on the incremental doses that should be
administered with various pain scores. However, orders for the analgesic agent of choice have
been applied to our current practice in an oncology ICU and proven to be effective which are
listed as follows:

• Fentanyl 25 mcg IV every 15 min as needed for numeric pain score 1–2, critical pain
observation tool (CPOT) 0–2, and/or Richmond agitation‐sedation scale (RASS) +1.

• Fentanyl 50 mcg IV every 15 min as needed for numeric pain score 3–4, CPOT 3–4, and/or
RASS +2.

• Fentanyl 75 mcg IV every 15 min as needed for numeric pain score 5–7, CPOT 5–6, and/or
RASS +3.

• Fentanyl 100 mcg IV every 15 min as needed for numeric pain score 8–10, CPOT 7–8,
and/or RASS +4.

Initial doses are defaulted but can be changed by the prescriber if more aggressive or more
conservative doses are needed.

Pain should be assessed routinely especially after analgesic agents are administered. Most
nursing standards expect pain to be reassessed within 15–30 min after treatment, and thus, the
frequency of analgesic medications should be written to allow redosing in a timely manner if
needed [4].

3. Analgesia-First Sedation

Recent literature now emphasizes the importance of adequately treating pain prior to use of
sedatives. The most common source of agitation identified in intubated patients is pain. If
agitation is treated immediately with sedatives, then the patient is at risk of experiencing the
physiologic consequences previously discussed because pain remains untreated. Therefore, it
may be beneficial to have intermittent analgesic medication orders written to PRN RASS scores
in addition to incremental pain scores to allow the nurse to adequately use such medications
for agitation (as shown in example above).
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If pain is ruled out as the cause of agitation, then other causes should be promptly considered
such as hypoxemia, hypoglycemia, hypotension, or withdrawal from alcohol or other drugs
[4]. Aside from treating such underlying causes, strategies should be used to help reduce
agitation by maintaining comfort for the patient, frequent reorientation, and optimization of
the environment to maintain normal sleep patterns. After addressing such issues, sedatives
only then should be considered if the patient remains agitated with a goal sedation level
established: light for goals of extubation (i.e. the patient is alert, calm, arousable, and able to
follow commands) or deep sedation with goals of synchronization with the ventilator, or the
prevention of movement in severe trauma/burns/paralysis (i.e. patient is unresponsive to
painful stimuli, unable to follow commands) with goals of synchronization with the ventilator,
or the prevention of movement severe trauma/burns). Most patients should have goals of light
sedation as many studies have demonstrated increased ICU length of stay, mechanical
ventilation, delirium, and muscle deconditioning with deep, prolonged sedation [25–27].

Agitation should be assessed as frequently as pain is assessed using the RASS or SAS scales
(Tables 6 and 7). Recommendations for options to treat agitation are in Table 8.

Scale  Label Description

+4 Combative Combative, violent

+3 Very agitated Pulls to remove tubes or catheters; aggressive

+2 Agitated Frequent nonpurposeful movement, fights ventilator

+1 Restless Anxious, apprehensive, movements not aggressive

0 Alert and calm Spontaneously pays attention to caregiver

−1 Drowsy Not fully alert, but has sustained awakening to voice (eye opening & contact >10 s)

−2 Light sedation Briefly awakens to voice (eyes open & contact < 10 s)

−3 Moderate sedation Movement or eye opening to voice (no eye contact)

−4 Deep sedation No response to voice, but movement or eye opening to physical stimulation

−5 Unarousable No response to voice or physical stimulation

Table 6. Richmond agitation sedation scale (RASS) [28].

Score Term Descriptor

7 Dangerous 
agitation

Pulling at ET tube, trying to remove catheters, climbing over bedrail, striking at staff, thrashing
side to side

6 Very
agitated

Requiring restraint and frequent verbal reminding of limits, biting ET tube

5 Agitated Anxious or physically agitated, calms to verbal instructions

4 Calm and
cooperative

Calm, easily arousable, follows commands

3 Sedated Difficult to arouse but awakens to verbal stimuli or gentle shaking, follow simple commands but
drifts off again
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Score Term Descriptor

2 Very
sedated

Arouses to physical stimuli but does not communicate or follow commands, may move
spontaneously

1 Unarous
able

Minimal or no response to noxious stimuli, does not communicate or follow commands
ET, endotracheal.

Table 7. Sedation agitation scale [29].

Drug/MOA Onset
of
action

t½ Effects Dosing Place in therapy Common toxicities/major
precautions

Dexmedeto‐
midine
Selective α2‐
agonist

5–10
min

1.8–
3.1
h

Anxiolytic,
sedative,
analgesic/
opioid
sparing

Bolus:
1 mcg/kg
over 10
min.
Infusion:
0.2–0.7
mcg/kg/h

Assists in keeping
patient calm and
arousable to wean
off the ventilator or
for the treatment
of acute hyperactive
delirium; causes
minimal respiratory
depression

Common: bradycardia
and hypotension,
hypertension with
loading dose.
Rare: loss of
airway reflexes, risk
for withdrawal after
prolonged (7
days) use. Infusion
must be tapered
slowly to prevent
rebound agitation;
slower emergence with
hepatic failure

Propofol
Binds to
GABAA,
glycine,
nicotinic,
and M1

muscarinic
receptors

1–2
min

26–
32 h

Sedative,
hypnotic,
anxiolytic,
amnestic,
antiemetic,
anticonvulsant

Bolus: 5
mcg/kg/
min
Infusion:
5–50
mcg/kg/
min

Light or heavy
sedation; ideal for
neurosurgery
patients
to allow for daily
neurological
assessments
or medical ICU
patients
requiring deep
sedation for vent
synchronization;
treatment of
seizures and
elevated intracranial
pressure

Hypotension; respiratory
depression;
hypertriglyceridemia
(with prolonged use),
rhabdomyolysis (rare),
pancreatitis (rare),
deep sedation with
propofol is associated
with longer emergence
times; lipid emulsion
delivering 1.1 kcal/mL

Midazolam
Activate γ‐
aminobutyric
acid A
(GABAA)
neuronal
receptors

2–5
min

3–11
h

Sedative,
hypnotic,
anxiolytic,
amnestic,
antiemetic,
anticonvulsant

1–14 mg/h
(max ∼0.1
mg/kg/h)

Patients requiring
deep sedation;
treatment of
seizures or
alcohol
withdrawal

Respiratory depression;
hypotension; accumulates
in hepatic dysfunction;
active metabolite
accumulates in renal
dysfunction; drug
has potential to
accumulate in adipose
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Drug/MOA Onset
of
action

t½ Effects Dosing Place in therapy Common toxicities/major
precautions

tissue with continuous
infusions

Lorazepam
Activate γ‐
aminobutyric
acid A (GABA
A) neuronal
receptors

15–20
min

8‐15
h

Sedative,
hypnotic,
anxiolytic,
amnestic,
antiemetic,
anticonvulsant

1–10 mg/h Patients requiring
deep sedation;
treatment of
seizures or
alcohol withdrawal

Respiratory depression;
hypotension; propylene glycol‐
related acidosis (rare);
nephrotoxicity evident by an
osmolar gap greater than 10–12
mOsm/L; accumulates in
hepatic dysfunction;
emergence from lorazepam
after prolonged infusions will
be longer than midazolam due
to its greater potency and
slower clearance; drug has
potential to accumulate in
adipose tissue with continuous
infusions

t½, half‐life of elimination; MOA, mechanism of action.

Table 8. Sedative agents [4,23,30].

4. Delirium

Delirium is defined as a syndrome with acute onset of cerebral dysfunction due to a change
or fluctuation in baseline mental status, inattention, or disorganized thinking [4]. Two forms
of delirium can exist: hyperactive (agitated, associated with hallucinations or delusions) or
hypoactive (calm, lethargic, confused, and sedated). With delirium now being shown to be a
strong predictor of negative long‐term outcomes, it is imperative that regular assessments are
performed to identify incidences of delirium and implementing preventative measures [24,31].
Such strategies include early mobilization, maintenance of light sedation while avoiding
benzodiazepines in those with underlying risk factors for delirium, promoting sleep in adult
ICU patients by optimizing environmental factors such as light, noise, clustering patient care
activities, and decreasing stimuli at night.

Medication‐induced delirium is not well studied and the exact onset, duration, or severity has
yet to be confirmed. Delirium is multifactorial and, therefore, medications should not be solely
considered as the cause in a patient experiencing changes in mental status. Most common
causes of delirium are in Table 9. Benzodiazepines have been studied extensively as a possible
risk factor for delirium. The data concerning benzodiazepines and outcomes with causing
delirium remain controversial. The MENDS and SEDCOM studies had similar results showing
higher delirium free days with or without coma when dexmedetomidine was administered
compared to midazolam or lorazepam. Furthermore, both have similar results in showing no
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difference in mortality and the length of ICU stay [33,34]. However, another meta‐analysis
including six trials comparing benzodiazepine versus nonbenzodiazepine sedatives found
opposite results. The ICU length of stay and duration of mechanical ventilation were signifi‐
cantly higher in the benzodiazepine group with no difference found in delirium prevalence or
all‐cause mortality [35]. Until further research can clarify such effects, caution is still warranted
when using these sedatives and other risk factors shown in Table 10 should be considered as
well.

Iatrogenic Exposure to sedative and opioid medications

Environmental Prolonged physical restraints

Immobilization

Disorientation to time and space

Other Drug or alcohol withdrawal

Sepsis

Medication induced Anticholinergics

Benzodiazepines

Opiates

Antipsychotics

Antispasmodics

Anticonvulsants

Corticosteroids

Table 9. Common causes of delirium [4,32].

Age

Pre‐existing delirium

History of baseline hypertension

Sedative‐associated coma

Mechanical ventilation

Polytrauma

Emergency surgery prior to ICU admission

APACHE II score

Metabolic acidosis

Delirium on the previous day

Table 10. Risk factors for delirium [36].

Two scales for assessing delirium with the highest psychometric (e.g., validity and reliability)
scores are the CAM‐ICU and the ICDSC [37]. Delirium should be assessed every 8–12 hours,
only after sedatives are decreased or interrupted and preferably during daytime hours.
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Drug Usual starting dose/

available

formulations 

Short-term adverse effects  Additional

 considerationsLow risk Moderate to high risk

Olanzapine  5 mg (PO,

disintegrating tablet,

IM)

EPS, NMS Anticholinergic,

weight gain,

dyslipidemia

Increased risk of accumulation

in elderly, female, and hepatic/

renal impairment; QT

prolongation

Quetiapine  12.5–25 mg (PO) NMS, weight gain,

tardive dyskinesia,

seizures, EPS

Anticholinergic (dry

mouth, constipation),

sedation, dizziness,

Hypotension (with rapid

titration), weight gain,

dyslipidemia

Associated with lowest risk of

EPS and tardive dyskinesia

Risperidone 0.5–1 mg (PO,

disintegrating tablet)

Anticholinergic, NMS,

cardiac conduction

abnormalities

Orthostatic hypotension

(with rapid titration),

EPS associated with doses >6

mg/day

Ziprasidone 20 mg PO 10 mg IM Anticholinergic,

sedation, EPS, NMS

QTc prolongation IM formulation contains a

nephrotoxin called

cyclodextrin that can

accumulate in renal

impairment; reduce dose in

hepatic impairment

PO, by mouth; IM, intramuscular; EPS, extrapyramidal symptoms; NMS, neuroleptic malignant syndrome.

Table 11. Atypical antipsychotics for the treatment of delirium [24,30,38,39].

Treatment of delirium should be directed at the probable underlying causes (e.g., alcohol or
drug withdrawal, infection, dehydration, discomfort) and consider pharmacologic agents only
if needed. SCCM guidelines provide a Grade C recommendation that “atypical antipsychotics
may reduce the duration of delirium in adult ICU patients.” No evidence exists on the efficacy
of haloperidol in reducing delirium and is associated with higher incidences of extrapyramidal
and cardiac side effects [38]. The atypical antipsychotics, which have been studied and shown
to be beneficial, are listed in Table 11. If such agents are initiated, it is crucial to ensure they
are discontinued upon discharge or follow‐up strategies are in place in the outpatient setting.
Patients should also be monitored carefully for the adverse effects listed.

The fundamental component of implementing successful protocols to manage pain, agitation,
and delirium in mechanically ventilated patients is a multidisciplinary team. Developing a
comprehensive protocol can help reduce costs, improve ICU outcomes, and create more
consistent practices. As presented earlier, the SCCM PAD Guideline concepts can be employed
but the basic principles established in cancer patients for managing pain and anxiety must also
be considered to achieve optimal outcomes.
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