
© Springer Nature Switzerland AG 2021
S. E. Lucking et al. (eds.), Pediatric Critical Care, https://doi.org/10.1007/978-3-030-53363-2_39

Oncological Critical Care 
Considerations in Children
Arun Saini and Swati Karmarkar

Contents

39.1  Introduction – 1168

39.2  Oncological Emergencies – 1168
39.2.1  Tumor Lysis Syndrome – 1168
39.2.2  Hyperleukocytosis Syndrome – 1173
39.2.3  Mediastinal Mass – 1174
39.2.4  Cardiac Emergencies – 1179
39.2.5  Neurological Emergencies – 1180
39.2.6  Infections – 1181
39.2.7  Febrile Neutropenia – 1186
39.2.8  Special Considerations in Sepsis – 1187

39.3  Hemophagocytic Lymphohistocytosis Syndrome – 1190
39.3.1  Primary HLH – 1190
39.3.2  Secondary HLH – 1191
39.3.3  Management of HLH – 1192

39.4  Anticancer Therapies – 1192
39.4.1  Agents Disrupting the DNA Helix – 1195
39.4.2  Agents Interfering with DNA-Related Proteins – 1196
39.4.3  Antitumor Antibiotics – 1196
39.4.4  Vinca Alkaloids and Taxanes – 1196
39.4.5  Kinase Inhibitors – 1197
39.4.6  Cancer Immunotherapies – 1197
39.4.7  Checkpoint Inhibitors – 1197
39.4.8  Antibody Therapy – 1199
39.4.9  Adoptive Therapy – 1199

39.5  Summary – 1202

 Suggested Readings – 1204

391167



1168

39

 n Learning Objectives
 5 To identify and understand the management of life-threatening 

clinical conditions associated with malignancies in children.
 5 To recognize and understand the management of life-threatening 

complications associated with the treatment of cancer in children.
 5 To understand common anticancer therapies and emerging 

immunotherapies including CAR T-cell therapy for the treatment 
of malignancies.

 5 To recognize and differentiate primary and secondary 
hemophagocytic lymphohistiocytosis (HLH).

 5 To understand the initial management of HLH.

39.1   Introduction

Pediatric oncological critical care is a rapidly evolving subspecialty within the 
critical care complex. Children with oncological disease are among the most 
vulnerable patients in the pediatric intensive care unit (PICU). These patients 
have higher rates of morbidity and mortality compared to other PICU patients. 
These patients frequently present with life-threatening conditions. Also, thera-
pies to treat the underlying oncological conditions have systemic toxicities that 
can lead to multiorgan complications. Thorough knowledge of the toxic effects 
of various therapies including chemotherapy, radiotherapy, and immunother-
apy is necessary to recognize, prevent and/or treat potential complications. The 
majority of these patients develop a prolonged immunocompromised state, 
which increases their risk of developing severe sepsis and septic shock with or 
without atypical opportunistic infections. Therefore, attention to the appropri-
ateness of antimicrobial agents and adjunctive immunotherapy is required to 
timely and adequately treat these infections. Children undergoing hematopoi-
etic cell transplantation (HCT) consist of a unique cohort among children with 
oncological disease with significant increase in the risk of mortality and mor-
bidities. Children with HCT encounter various unique issues/complications 
during different phases (pre-engraftment, post-engraftment, after 100 days) of 
HCT including engraftment syndrome, sinusoidal obstruction syndrome, graft- 
versus- host disease, acute respiratory failure, acute kidney injury, and lympho-
proliferative disease. These conditions are reviewed elsewhere in the textbook 
(7 Chap.  40). Finally, children with primary or secondary hemophagocytic 
lymphohistiocytosis (HLH) can develop a hyperinflammatory cytokine release 
syndrome, which has features similar to severe sepsis. In this chapter, the readers 
will review the essential aspects of pediatric oncocritical care with focus on com-
mon life-threatening conditions and emphasis on critical care management.

39.2   Oncological Emergencies

39.2.1   Tumor Lysis Syndrome

Tumor lysis syndrome is a potentially life-threatening complication character-
ized by severe metabolic derangements including hyperuricemia, hyperphos-
phatemia, hyperkalemia, and hypocalcemia. Malignancies at highest risk of 
tumor lysis are those with large, rapidly proliferating tumor burdens and high 
sensitivity to anticancer therapy (. Table 39.1). Cairo and Bishop have pub-
lished a grading system for tumor lysis syndrome based on clinical and labora-
tory variables (. Table 39.2).

Tumor lysis syndrome is a 
potentially life-threatening 
complication characterized by 
severe metabolic derangements 
including hyperuricemia, 
hyperphosphatemia, hyperkalemia, 
and hypocalcemia.
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The pathophysiological mechanism involves rapid lysis of tumor cells that 
leads to the release of large quantities of intracellular contents rich in potas-
sium, phosphate, and purine nucleic acids. The release of potassium and phos-
phate into the bloodstream results in hyperkalemia and hyperphosphatemia. 
The ionized calcium in blood quickly binds to the excess phosphate causing 
hypocalcemia. Finally, the released purine nucleic acids are degraded into uric 
acid by xanthine oxidase leading to hyperuricemia. Acute renal failure is a 
potential consequence of acute tumor lysis syndrome that can further 
 exacerbate these metabolic derangements. The primary event in the acute kid-
ney injury is the crystallization of either uric acid or calcium phosphate in the 
renal tubules leading to obstructive nephropathy. However, hypovolemia, 
direct tumor cell infiltration, and drug-induced nephrotoxicity may also con-
tribute to the development of acute kidney injury.

Tumor lysis syndrome typically occurs within 12–72 hours after initiation 
of anticancer therapy. Tumor lysis can even occur after low-dose anticancer 
medications or nontraditional anticancer therapies (e.g., steroids, interferon 
alpha, intrathecal methotrexate, rituximab, and radiation). There are also case 
reports of spontaneous development of tumor lysis syndrome as the present-
ing symptom of occult lymphomas. Children with preexisting renal injury as 
well as elevated uric acid and lactate dehydrogenase levels before anticancer 
therapy are at highest risk of tumor lysis syndrome.

Prevention and treatment of tumor lysis syndrome requires vigilant moni-
toring with attention to intravascular volume status, adequacy of urine output, 
and severity of metabolic abnormalities. All patients at risk for tumor lysis 
syndrome should receive liberal intravenous fluid therapy (usually 1 ½ times 
maintenance) to maintain adequate urine output (at least 1 mL/kg/hour with 
specific gravity of ≤1.010). The overall composition of the fluid may vary, but 
should not contain potassium or phosphorus.

       . Table 39.1 Childhood malignancies associated with tumor lysis syndrome

Risk category Malignancy

High ALL with WBC > 100,000 cells/μL
AML with WBC > 50,000 cells/μL
Burkitt lymphoma (stage 3 or 4)
Lymphoblastic lymphoma (stage 3 or 4)
High-grade NHL
High grade T-cell lymphoma

Medium ALL with WBC 50,000–100,000 cells/μL
AML with WBC 10,000–50,000 cells/μL
Burkitt lymphoma (stage 1 or 2)
Lymphoblastic lymphoma (stage 1 or 2)
Low grade T-cell lymphoma
Bulky germ cell tumor, sarcomas or other solid tumors

Low Hodgkin lymphoma
Chronic lymphoid leukemia
Chronic myeloid leukemia
Medulloblastoma
Indolent sarcomas or other solid tumors

ALL acute lymphoid leukemia, AML acute myeloid leukemia, WBC white blood cell 
count, NHL non-Hodgkin lymphoma

Oncological Critical Care Considerations in Children
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39.2.1.1   Hyperuricemia
In order to avoid renal injury, and to minimize the metabolic derangements of 
tumor lysis, it is crucial to aggressively prevent and treat hyperuricemia. This 
can be achieved either by: (1) preventing the formation of uric acid or (2) aug-
menting its elimination. In attempting to decrease production, it is essential to 
recognize that the purine nucleic acids are initially converted to hypoxanthine 
and then to uric acid via the enzyme xanthine oxidase (. Fig. 39.1). Allopurinol, 
a structural analog of hypoxanthine, is a competitive inhibitor of the enzyme 
xanthine oxidase. By competitively inhibiting xanthine oxidase, allopurinol 
decreases production of uric acid and results in a decrease in systemic uric acid 
levels. However, allopurinol has three key limitations. First, it only prevents the 
formation of new uric acid and does not enhance the elimination of uric acid 
formed prior to its administration. Second, it increases the levels of both xan-
thine and hypoxanthine, increasing the potential for xanthine crystallization 
and obstructive uropathy since xanthine is even less soluble in urine than uric 
acid. Third, allopurinol reduces the degradation of other purines requiring 
dose reductions in patients receiving medications such as 6- mercaptopurine.

In attempting to increase elimination, alkalinization of the urine can be 
utilized to augment the elimination of uric acid. Uric acid is insoluble at urine 
pH < 6.0 and will crystallize in the renal tubules, collecting ducts, and renal 
parenchyma. Systemic alkalinization can be used to produce alkaline urine 
(pH between 7.0 and 7.5) that increases the solubility of uric acid thereby facil-
itating renal elimination. Unfortunately, urine alkalinization decreases the 
solubility of calcium phosphate, and thus, may worsen renal function due to 
precipitation of calcium phosphate crystals in renal tubules. Moreover, the 
metabolic alkalosis may contribute to lower ionized calcium levels and/or fos-

Nucleic acids

Purine

Hypoxanthine

Xanthine

Uric acid

Allantoin Renal excretion

Rasburicase
(Urate oxidase) Probenecid

Allopurinol
Febuxostat

Xanthine oxidase

++

       . Fig. 39.1 The pathway of  uric acid production from nucleic acids and the sites of  action of 
drugs used to treat hyperuricemia. As depicted in the diagram, allopurinol and febuxostat are 
inhibitors of  xanthine oxidase and impede the production of  uric acid. Rasburicase is a recom-
binant form of  urate oxidase that catalyzes the conversion of  uric acid to allantoin. Allantoin is 
significantly more soluble in urine than uric acid, and readily excreted by kidneys. Probenecid 
facilitates inhibition of  the renal organic anion transporter protein, thereby blocking the reup-
take of  uric acid and fostering its excretion in the urine

Oncological Critical Care Considerations in Children
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ter the formation of calcium and phosphate precipitants. Therefore, alkaliniza-
tion is not preferred anymore in countries in which rasburicase (Elitex™ or 
Fasturtec™) is available to remove uric acid.

Rasburicase is a recombinant form of urate oxidase that catalyzes the con-
version of uric acid to allantoin. Allantoin is significantly more soluble in urine 
than uric acid and readily excreted by the kidneys. Rasburicase has become the 
treatment of choice to prevent tumor lysis syndrome in children because it 
effectively reduces uric acid levels within 4 hours of administration and is more 
effective than allopurinol. Rasburicase is well tolerated with allergic reactions 
occurring in less than 1% of patients, but it should not be used in patients with 
glucose-6-phosphate dehydrogenase deficiency as it may induce severe hemoly-
sis. Rasburicase may result in inaccurate serum uric acid levels as it may con-
tinue to breakdown uric acid in the laboratory collection tubes; this can be 
minimized by promptly placing the collection tube on ice.

39.2.1.2   Hyperphosphatemia
Hyperphosphatemia is often times difficult to treat. In addition to the release 
of intracellular phosphorus in conjunction with decreased renal function, 
hyperphosphatemia is exacerbated by up to four times more intracellular phos-
phorus in malignant cells than normal lymphoid cells. Moreover, anticancer 
therapy prevents the rapid uptake of phosphate by newly synthesized tumor 
cells. Calcium phosphate precipitants form when the calcium phosphorus solu-
bility product (determined by multiplying the phosphorus concentration by 
the total calcium concentration) exceeds 60. Treatment must start by eliminat-
ing exogenous sources of phosphorus including any unnecessary medications 
with a phosphorus base. Phosphorus binding medications such as aluminum 
hydroxide (Amphojel®) and sevelamer (Renagel®) can be administered to 
decrease the gastrointestinal absorption. Sevelamer offers the advantage of not 
containing aluminum that may accumulate in the setting of renal failure. 
Intravenous glucose and insulin may also assist by driving phosphorus into the 
intracellular space, but this is a temporary measure. In the setting severe hyper-
phosphatemia, early institution of continuous veno-venous hemofiltration 
dialysis should be considered.

39.2.1.3   Hyperkalemia
Potassium levels >6.5 mEq/L or rapid increases in potassium (>2 mEq/L in 
4 hours) can be associated with life-threatening dysrhythmias. Emergent mea-
sures to acutely decrease the serum potassium level must be implemented as 
described in the electrolyte section of this book (7 Chap. 30). Sodium bicar-
bonate may be used to acutely decrease serum potassium levels by increasing 
the pH and driving potassium intracellularly. The administration of sodium 
bicarbonate may worsen ionized hypocalcemia, and one should be prepared to 
administer calcium in addition to bicarbonate when treating symptomatic 
hyperkalemia. Glucose and insulin may also be used to drive potassium intra-
cellularly. Beta-agonist aerosol therapies may have the same effect. Sodium 
polystyrene sulfonate resins may be used to exchange sodium for potassium in 
the gastrointestinal tract. Loop diuretics (e.g., furosemide) facilitate urinary 
excretion of potassium. Continuous renal replacement therapy may be needed 
in extreme or refractory cases. Exogenous sources of potassium must obvi-
ously be eliminated as well as any medications that may result in elevated 
potassium levels (e.g., heparin, potassium-sparing diuretics, and angiotensin- 
converting enzyme inhibitors).

In order to avoid renal injury, 
and to minimize the metabolic 
derangements of  tumor lysis, it is 
crucial to aggressively prevent and 
treat hyperuricemia. Rasburicase, 
which catalyzes the conversion of 
uric acid to allantoin, has become 
the treatment of  choice to prevent 
tumor lysis syndrome in children.

 A. Saini and S. Karmarkar
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39.2.1.4   Hypocalcemia
Hypocalcemia resulting from hyperphosphatemia must be treated cautiously 
in order to prevent the formation of calcium phosphorus precipitants. 
Asymptomatic hypocalcemia should be monitored carefully and symptomatic 
manifestations of hypocalcemia such as seizures, tetany, and dysrhythmias 
should be treated. Intravenous infusion of either calcium gluconate or calcium 
chloride can be used.

39.2.1.5   Monitoring
In addition to the specific measures to prevent and treat the electrolyte distur-
bances of tumor lysis, vigilant clinical and laboratory monitoring is essential. 
Frequent clinical exams with focused attention on neuromuscular symptoms 
including, but not limited to muscle cramps, tetany, Chvostek and Trousseau 
signs, carpopedal spasms, paresthesias, twitching, weakness, lethargy, confu-
sion, and seizures are necessary. Continuous electrocardiographic monitoring 
should be utilized to detect rhythm disturbances associated with the electrolyte 
imbalances. Although a variety of electrocardiographic changes may occur, 
hyperkalemia is most often associated with peaked T-waves and a widened 
QRS complex. Frequent assessment of fluid balance with particular attention 
to urine output is critical. Daily weights are used at some centers. Laboratory 
determinations that should be performed at least two or three times daily, and 
more frequently if  the clinical status warrants, include complete blood cell 
counts as well as levels of uric acid, potassium, phosphorus, calcium, blood 
urea nitrogen, creatinine, lactate dehydrogenase, and urinary pH. Ionized cal-
cium levels should also be measured as concomitant hypoalbuminemia may 
result in normal functional calcium levels.

39.2.2   Hyperleukocytosis Syndrome

Hyperleukocytosis is defined as a peripheral blood total white cell count 
more than 100,000  cells/μL (. Table  39.3). Hyperleukocytosis occurs more 
frequently in myeloid (5–22% in acute myeloid leukemia (AML) and 70–80% 
in chronic myeloid leukemia (CML)) versus lymphoid leukemia (9–13% 
acute lymphoblastic leukemia (ALL)). Factors associated with the develop-
ment of hyperleukocytosis include age less than 1  year, male gender, mas-
sive hepatosplenomegaly, large mediastinal mass, T-cell phenotype in ALL, 
French- American- British (FAB) classification monocytic type M4/5 in AML, 
Philadelphia translocation (BCL-ABL1), chromosomal mixed-lineage leuke-
mia (MLL) rearrangement 11q23, and FLT3-ITD mutation. Hyperleukocytosis 
is considered a poor prognostic factor and its presence often classifies the 
patient in a high-risk category.

Hyperleukocytosis augments the circulating blood viscosity due to an 
increase in the total leukocyte volume. The increased viscosity leads to sluggish 
microcirculatory flow and formation of leukocyte aggregates, which leads to 
leukostasis. Interestingly, there is no clear correlation between leukostasis and 
total leukocyte counts. Other cellular properties including myeloid cell type; 
expression of surface receptors CD11c and CD56; the release of TNF-α and 
IL1β; and the degree of up-regulation in expression of ICAM, VCAM, and 
E-selectin have all been associated with leukostasis. Additionally, rapid break-
down of leukocytes causes the release of tissue factor, which triggers activation 
of clotting via the extrinsic factor VII pathway. Finally, children with hyperleu-
kocytosis develop varying intensity of tumor lysis syndrome. Most children 
with mild hyperleukocytosis are generally asymptomatic. However, total white 

Oncological Critical Care Considerations in Children
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blood cell counts >200,000 cells/μL in myeloid leukemia or > 300,000 cells/μL 
in lymphoid leukemia often result in the clinical manifestations of hyperleuko-
cytosis syndrome. The clinical presentation can be varied including headache, 
dyspnea, chest pain, pneumonitis, blurry vision due to retinal artery/vein 
occlusion, seizures, cortical infarctions, dural sinus thrombosis, tumor lysis 
syndrome, and in extreme cases, disseminated intravascular coagulopathy 
(DIC), hemorrhage, and multiorgan failure.

Management requires emergent initiation of cytoreduction treatment along 
with management of DIC and tumor lysis syndrome. The type of cytoreduc-
tion treatment is not standardized and the current practice varies from hydroxy-
urea only, low-dose cytoreduction, and standard-dose cytoreduction treatment. 
Leukopheresis is often used in symptomatic patients. However, prophylactic 
leukopheresis is not recommended due to the lack of outcome benefits over 
cytoreduction treatment and supportive care. Leukopheresis uses centrifugal 
force to separate leukocytes with about 15–70% reduction in total leukocyte 
count after one treatment. However, leukopheresis requires placement of a 
dialysis catheter and is associated with an increased risk of thrombocytopenia 
and hypocalcemia. Additionally, the overall response is short lived as the 
majority of cells are in the bone marrow. Moreover, there has been no demon-
strated long-term clinical outcome benefit with this intervention.

39.2.3   Mediastinal Mass

The mediastinum is defined as the area of the thorax that extends from the 
superior aperture of the thorax to the diaphragm inferiorly and from the ster-
num and costal cartilages in front to the anterior surface of the 12 thoracic 
vertebrae behind. It is divided into three anatomic compartments; the anterio-
superior, the middle, and the posterior. Although relatively uncommon in 

Total white blood cell 
counts > 200,000 cells/μL in 
myeloid leukemia or > 300,000 cells/
μL in lymphoid leukemia often 
result in the clinical  manifestations 
of  hyperleukocytosis syndrome.

       . Table 39.3 Hyperleukocytosis syndrome clinical features and management

Variable Factors

Definition
Peripheral blood 
WBC > 100,000 cells/μL

Frequency of  hyperleukocytosis syndrome associated 
with hematological malignancies:
  Chronic myeloid leukemia: 70–80%
  Acute myeloid leukemia: 11–22%
  Acute lymphoid leukemia: 9–13%

Risk factors Age <1 year
Male gender
Large mediastinal mass
T-cell phenotype acute lymphoid leukemia
Philadelphia translocation
Mixed-lineage leukemia (MLL) rearrangement

Clinical manifestations Headache
Blurry vision
Cortical infarcts
Dural sinus thrombosis
Tumor lysis syndrome
Disseminated intravascular coagulation (DIC)

Management Cytoreduction treatment
Leukopheresis only in symptomatic patients
Treatment of  tumor lysis syndrome
Treatment of  DIC

 A. Saini and S. Karmarkar
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children, masses may arise in the mediastinum from a variety of both benign 
and malignant disorders. A review of several large series reveals non-Hodgkin 
lymphoma, Hodgkin lymphoma, and neuroblastoma to be the most common 
malignant diagnoses of mediastinal masses in children. Neural tumors arise 
from the posterior mediastinum and rarely produce any significant airway 
obstruction. Lymphomas typically arise from the anteriosuperior or middle 
mediastinum and can be associated with significant cardiopulmonary compro-
mise.

39.2.3.1   Pathophysiology
The mediastinum is a closed space with minimal room for expansion. Masses 
that arise in that area act as space occupying lesions. As they expand, the 
structures in the mediastinum must be displaced and/or compressed. In the 
anteriosuperior and middle mediastinum, these compressed structures include 
the tracheobronchial tree, the heart, and the great vessels including the supe-
rior vena cava. Compression of any of these structures results in a condition 
known as the superior mediastinal syndrome. This syndrome has been associ-
ated with life-threatening airway obstruction, vascular compression resulting 
in impaired venous return to the heart, neurologic deficits, and death. The 
clinical presentation varies based on the site and severity of  the anatomic 
obstruction or compression. For example, compression of the tracheobron-
chial tree may result in dyspnea, stridor, cough, orthopnea, and/or other respi-
ratory symptoms. About 60% of children with mediastinal masses present 
with respiratory symptoms. Compression of the superior vena cava may cause 
venous engorgement, head and neck edema, and /or altered mental status. 
Direct cardiac compression may produce cyanosis, syncope, and dysrhyth-
mias.

Identifying patients at risk from these life-threatening complications is cru-
cial. It is estimated that 7–19% of patients with a mediastinal mass may develop 
an airway complication with the induction of anesthesia or deep sedation. The 
pathophysiology of this airway compromise with anesthesia is multifactorial. 
With the induction of anesthesia, lung volumes are decreased secondary to 
weakened or abolished inspiratory muscle tone and increased abdominal mus-
cle tone. Additionally, bronchial smooth muscle is relaxed resulting in increased 
compressibility of the large airways and decreased expiratory flow rates. This 
exacerbates the effects of the extrinsic compression. Third, the use of neuro-
muscular blockade eliminates the caudad movement of the diaphragm 
observed during spontaneous respiration, thereby, decreasing the transpleural 
pressure gradient. The transpleural gradient dilates the airways during inspira-
tion, and when decreased, results in decreased airway caliber also augmenting 
the effect of the extrinsic compression. Additionally, supine positioning may 
result in further cephalad displacement of the diaphragm and increased central 
blood volume. This increased central blood volume results in increased blood 
being delivered to the tumor, increased tumor volume potentially worsening 
the obstruction.

39.2.3.2   Identification of High-Risk Patients
Any symptom of respiratory distress should raise concern of potential airway 
compromise with sedation. Orthopnea is particularly important in distinguish-
ing patients at increased risk of compromise with anesthesia. The standard 
chest radiograph is also an important tool in the evaluation of a child with a 
mediastinal mass. Most importantly, it establishes the presence of a mediastinal 
mass as often these children are considered to have asthma or a similar process 
prior to the initial chest radiograph. In addition, the radiograph may also reveal 

Although any symptom of 
respiratory distress should raise 
concern of  potential airway 
compromise with sedation, 
orthopnea is particularly important 
in distinguishing patients with 
mediastinal masses at increased risk 
of  compromise with anesthesia.

Superior mediastinal syndrome 
causes life-threatening airway 
obstruction, vascular compression 
resulting in impaired venous return 
to the heart and neurologic deficits.

Oncological Critical Care Considerations in Children
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associated pleural effusions, tracheal compression, and/or tracheal deviation 
(. Fig. 39.2). Masses that exceed 45% of the thoracic diameter on chest x-ray 
are more likely to be symptomatic than those that are less than 30% of the 
diameter. It should be noted, however, that patients at risk for airway compro-
mise may have no tracheal compression observed on chest x-ray. Therefore, the 
chest radiograph is not very helpful for the management or determination of 
the risk for life-threatening airway compromise. Computed tomography (CT) 
of the chest may be more useful, accurately depicting mediastinal involvement, 
anatomical distortions, and the degree of tracheal compression. Additionally, 
data suggest that general anesthesia may be safely administered if  the tracheal 
cross sectional diameter is greater than 50% of the expected size on CT scan.

Imaging studies are static tests of a dynamic process, and thus, dynamic 
studies may provide additional data. Pulmonary function tests have been used 
to identify patients at risk. Decreases in the peak expiratory flow rate (PEFR), 
total lung capacity, forced vital capacity, and forced expiratory volume in 1 sec-
ond have all been reported in patients with a mediastinal mass suggesting both 
obstructive and restrictive deficits. The PEFR appears to be a useful predicator 
of airway compromise with a predicted PEFR <50% identifying patients at 
high risk for airway obstruction with the use of anesthesia. Also, a 12% 
decrease in pulmonary function can be anticipated when placing the child with 
a mediastinal mass in the supine, rather than, upright position. It is important 
to remember that these pulmonary function tests require patient cooperation 
in both the upright and supine positions often making their use impractical 
particularly in children. . Figure 39.3 demonstrates the flow volume loops of 
a child with a mediastinal mass before and after therapy. Echocardiography is 
another dynamic test that may be used to assess cardiac function, the presence 
of a pericardial effusion, impending tamponade, and the integrity of the pul-
monary outflow tract.

Mediastinal masses that exceed 
45% of  the thoracic diameter on 
chest x-ray are more likely to be 
symptomatic than those that are less 
than 30% of  the diameter.

Data suggest that general anesthesia 
may be safely administered if  the 
tracheal cross sectional diameter is 
greater than 50% of  the expected 
size on CT scan.

a b

       . Fig. 39.2 Chest radiographs demonstrating pleural effusion (a, arrows demonstrate the edge of  a large pleural effusion) and tracheal 
compression (b, arrows demonstrate narrowing of  the trachea secondary to a mediastinal mass) associated with a mediastinal mass
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39.2.3.3   Management and Approach to the Diagnostic Work-Up
Utilizing the data obtained from these clinical, radiological, and functional 
assessments, definitive work-up and treatment of the mass can proceed in a 
manner balancing the risk and the benefit. It is prudent to discuss the condi-
tion with all responsible clinical services (nursing, oncology, anesthesia, sur-
gery, pathology, radiation oncology, and critical care) to assure the optimal 
course of action and the appropriate, timely handling of diagnostic specimens. 
A patient presenting with, or acutely developing, airway obstruction from a 
mediastinal mass is in a precarious condition of the highest magnitude. Several 
techniques may be used to decrease the obstruction and/or improve the airflow 
emergently. Repositioning the child from supine into upright, lateral, or prone 
position may be of benefit. Heliox may also improve air movement through the 
narrowed airway. Bag valve mask ventilation in a spontaneously breathing 
patient using high positive end expiratory pressure (PEEP) has been reported 
to be useful. If  intubation is required, it is preferable to have it performed in the 
controlled environment of the operating room as described below. If  emergent 
intubation must be performed outside the operating room, it should be per-
formed without the use of neuromuscular blockade by the most experienced 
person. Reinforced endotracheal tubes of sufficient length to extend beyond 
the area of tracheal compression should be utilized. If  at all possible, both a 
flexible and rigid fiberoptic bronchoscope should be available and cardiopul-
monary bypass should be on standby. Once successfully intubated, the use of 
PEEP, repositioning of the tube, and/or repositioning of the patient may be 
needed to facilitate optimal air movement.

Although never ideal, presumptive, prebiopsy therapy may be required in 
cases of severe airway compromise. Clearly, this obviates the risks of anesthe-
sia and delays in treatment associated with a diagnostic work-up. However, it 
may reduce the ability to make a definitive diagnosis, result in unnecessary 
therapy, and lead to improper staging of the disease. Prebiopsy radiotherapy 
has also been found to obscure the diagnosis.

In pursuing a definitive diagnosis, obtaining tissue from areas that are 
remote from the mediastinum may be performed and offer less risk. Such pro-
cedures may be performed under local anesthesia or with light sedation, but 

       . Fig. 39.3 Expiratory flow-volume loops of an 8-year old girl who presented with a large mediastinal lymphoblastic lymphoma. There was 
significant reduction in maximum flows, but this was markedly improved 4 days after the onset of chemotherapy (right). Note that the impair-
ment was greater in the supine rather than the upright position. (Reprinted with Permission from Elsevier. Adapted from Shamberger et al. 1995)
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with extreme caution nonetheless. For example, bone marrow aspiration may 
be used to ascertain a diagnosis, particularly for non-Hodgkin lymphoma. 
Unfortunately, this test may have less utility in other patient populations. 
Thoracentesis is another diagnostic test that may also be useful in determining 
the etiology of a mediastinal mass when associated with a pleural effusion. 
Among malignant masses, pleural effusions are more common in lymphoblas-
tic lymphoma than in Hodgkin disease and this diagnosis has been secured 
using cytological and flow cytometric analysis of the pleural fluid. Fine needle 
aspiration and core needle biopsies of superficial lymphadenopathy have also 
been used to diagnose lymphoblastic lymphoma precluding the need for more 
invasive procedures. Excisional biopsies of these lymph nodes are more inva-
sive, but still may be performed with local anesthesia and potentially yield 
more definitive results. If  these other diagnostic approaches are unsuccessful, 
then a mediastinal biopsy must be considered. This may be performed via a 
percutaneous fine needle aspiration, via a CT-guided core needle biopsy, via 
mediastinoscopy, or via an open surgical excision.

39.2.3.4   Use of Anesthesia or Deep Sedation
If  general anesthesia is deemed necessary, it must be approached with great 
caution in these high-risk children. First, secure intravenous access must be 
established and consideration should be given to lower extremity placement as 
the superior vena cava may have poor inflow due to extrinsic compression. 
Next, preanesthesia sedation or narcotics should be avoided. Both a flexible 
and rigid fiberoptic bronchoscope should be available and cardiopulmonary 
bypass should be on standby. The rigid, ventilating bronchoscope is the instru-
ment of  choice for the unstable airway. However, it is important to note that if  
the mediastinal mass is compressing the airway near or beyond the carina, a 
rigid bronchoscope may still be ineffective as it may not be able to open air-
ways past the occlusion. Induction of anesthesia should be performed in an 
upright position; however, if  the patient cannot tolerate this, then a lateral or 
prone position should be considered as supine positioning may be associated 
with worsening of  the obstruction. Anesthesia should only be deepened once 
it is demonstrated that the patient can be easily ventilated with a bag mask 
set-up. The patient should be intubated with a reinforced endotracheal tube 
that is passed beyond the obstructed region. In the event of  an acute airway 
occlusion, several maneuvers may be implemented that may be life-saving. 
Anesthetic effects should be reversed promptly and the patient returned to 
spontaneous ventilation. Repositioning of  the child, in particular utilizing a 
prone position, may alter the effect of  the mass on the airway and facilitate air 
movement. The ventilating rigid bronchoscope may be advanced beyond the 
area of  obstruction. An emergent thoracotomy with bulk resection of the 
tumor may be performed to relieve pressure on the airway. However, this 
should be performed only in extremis as the bleeding and tissue edema 
involved may actually worsen the effects upon the mediastinum. If  necessary, 
the patient may be placed on cardiopulmonary bypass or extracorporeal 
membrane oxygenation.

Even after a successful biopsy of the mass or lymph node, the postoperative 
recovery phase represents a time of continued high risk. During the immediate, 
postanesthetic period, the patient may still have impaired respiratory muscle 
function, altered level of alertness, and increased airway obstruction second-
ary to edema postbiopsy or partial resection. Extubation should be attempted 
only after effective, spontaneous breathing has been documented. The patient 
will continue to require close monitoring for several days following initiation 
of therapy assessing for transient worsening from the edema associated with 
tumor lysis and to ensure response to treatment.

Even after a successful biopsy 
of  the mass or lymph node, the 
postoperative recovery phase 
represents a time of  continued 
high risk. During the immediate, 
postanesthetic period, the patient 
may still have impaired respiratory 
muscle function, altered level of 
alertness, and increased airway 
obstruction secondary to edema 
postbiopsy or partial resection.
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39.2.4   Cardiac Emergencies

Acute cardiac events are uncommon with a reported incidence of 0.9% to 2.5% 
in children undergoing cancer therapy or early post-HCT. However, cardiac 
toxicity remains a leading cause of long-term morbidity and mortality in can-
cer survivors. These patients have 9- to 15-fold higher odds of experiencing a 
cardiovascular event, chronic heart failure, or a coronary event compared to 
their healthy siblings. Common cardiac emergencies include acute heart fail-
ure, pericardial effusions, cardiac dysrhythmias, and pulmonary hypertension. 
Risk factors for cardiac toxicity include younger age, female sex, chemothera-
peutic agents (cumulative anthracycline exposure and cyclophosphamide and 
new immunotherapies), mantel or total body radiation, a persistent inflamma-
tory state, transfusion-related iron overload, cumulative fluid overload, genetic 
predisposition, sickle cell disease, underlying cancer type, and HCT.

The pathophysiology of cardiac toxicity is complex and often multifacto-
rial. Some well-described mechanisms include radiation-induced fibrosis, 
chronic inflammation, activation of the renin-angiotensin-aldosterone system 
(RAAS), and anthracycline-induced cardiac myocyte damage. Other potential 
mechanisms include microvascular endothelial injury, thromboembolic events, 
pituitary and adrenal dysfunction, exposure to oxygen reactive species, iron 
overload, mitochondrial dysfunction, and chronic arterial hypertension.

39.2.4.1   Monitoring and Diagnosis
There are limited evidence-based consensus guidelines regarding cardiovascu-
lar monitoring for children undergoing cancer therapy. Most centers do per-
form pretreatment electrocardiograms and echocardiograms (ECHO). Some 
centers measure serial biomarker profiles (i.e., troponin, brain natriuretic pep-
tide, high sensitivity C reactive protein, and myeloperoxidase). A few centers 
use cardiac Magnetic Resonance Imaging (MRI) and Positron Emission 
Tomography with MRI.  A detailed discussion on each of these individual 
modalities is beyond the scope of this chapter.

39.2.4.2   Management
Early recognition, timely intervention, and close monitoring of cardiac function 
is a must for the effective treatment of cardiac toxicity in children undergoing 
cancer treatment or HCT. Correction of electrolyte abnormalities and removing 
medications causing prolonged QTc are needed to abate cardiac dysrhythmias. 
Those with symptomatic pericardial effusions (tachycardia, narrow pulse pres-
sure, pulsus paradoxus, and Kussmaul sign) or tamponade physiology (low car-
diac output state, ECHO findings of right atrium and right ventricle collapse) 
need volume resuscitation to optimize preload and emergent ECHO-guided per-
cutaneous pericardiocentesis with or without drain placement. Recurrent peri-
cardial effusions often require a pericardial window or total pericardiectomy. 
Diuretics or inotropic medications are not indicated and may worsen hemody-
namics in patients with a symptomatic pericardial effusion. The role of immu-
nomodulators such as systemic steroids and antiinflammatory agents is not well 
defined in this population. Epstein Barr Virus (EBV) – positive pericardial effu-
sions often respond to decreasing the intensity of immunosuppression and by 
the use of rituximab to target CD20 positive B-cells. Patients with thrombotic 
microangiopathy (TMA) – associated effusions have shown improvement after 
plasmapheresis and eculizumab (anti-C5 complement antibody). Eculizumab 
binds to the terminal component of complement 5 and inhibits the conversion 
of C5 to activated C5a. By halting the production of C5a, a potent anaphyla-
toxin, the proinflammatory and prothrombotic process is tempered. Acute heart 

Potential mechanisms of  cardiac 
toxicity in pediatric oncology 
patients include radiation-induced 
fibrosis, chronic inflammation, 
activation of  the renin- angiotensin- 
aldosterone system (RAAS), 
anthracycline-induced cardiac 
myocyte damage, microvascular 
endothelial injury, thromboembolic 
events, pituitary and adrenal 
dysfunction, exposure to oxygen 
reactive species, iron overload, 
mitochondrial dysfunction and 
chronic arterial hypertension.
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failure management often requires invasive hemodynamic monitoring, initiation 
and titration of vasoactive- inotropic medications (usually low dose epinephrine, 
milrinone and/or  vasopressin) based on markers of cardiac output and estima-
tion of systemic vascular resistance, diuretics for fluid overload, mechanical ven-
tilation support to decrease oxygen demand and reduce left ventricular afterload, 
and eventually, transitioning to oral afterload reduction (angiotensin-converting 
enzyme inhibitors) and rate control (beta-blockers) medications in close collabo-
ration with a heart failure specialist. Pulmonary hypertension is well described 
in children with sickle cell disease and is increasingly recognized in children with 
oncological diseases and HCT. Children with transplant associated-TMA have 
been found to have elevated right-sided cardiac pressure on day +7 of HCT 
compared to those who did not develop TMA (60% vs. 32%). The treatment of 
pulmonary arterial hypertension in children with sickle cell disease and other 
oncological diseases is similar to other populations.

39.2.5   Neurological Emergencies

Neurological complications are associated with significant morbidity and mor-
tality in children with cancer. These complications may be due to direct involve-
ment of the central nervous system (CNS) by cancer or indirectly due to 
anticancer therapies. Seizures are the most common manifestation and may be 
present in up to 50% of patients with neurologic complications. Other manifes-
tations include acute encephalopathy, focal motor or sensory deficits, cranial 
nerve palsies, peripheral neuropathies, and impaired coordination. The differ-
ential diagnosis includes CNS infection, drug-induced neurotoxicity, drug- 
induced delirium, severe electrolyte abnormalities, paraneoplastic syndrome, 
and leptomeningeal or intracranial metastatic tumor spread. A child present-
ing with an acute neurological complication requires a prompt evaluation and 
often needs frequent ongoing neurological monitoring. The diagnostic work-
 up should be tailored to the particular patient by taking into consideration all 
of the following: the patient’s age, the presenting neurological symptoms and 
signs, the type and location of the primary cancer, recent cancer therapies, and 
the severity of immunosuppression. Many of these patients need emergent 
neurological imaging, a lumbar puncture for cerebrospinal fluid analysis and 
continuous electroencephalogram monitoring for seizure management. It is 
prudent to involve the neurology and the primary oncology team early in the 
course to guide clinical management.

39.2.5.1   Posterior Reversible Encephalopathy Syndrome (PRES)
Posterior reversible encephalopathy syndrome (PRES) is an increasingly recog-
nized neurological complication in children with cancer. It is also known as 
reversible posterior leukoencephalopathy syndrome (RPLS). The incidence of 
PRES has been reported to be 0.3–3% in children with cancer. Younger age, 
underlying hematological malignancy, induction phase of chemotherapy espe-
cially intrathecal dosing, post-HCT, high dose steroid, and cyclosporine and 
tacrolimus use are the commonly reported risk factors. Common clinical man-
ifestations include seizures, hypertension, altered mental status, visual distur-
bances, and cortical blindness. MRI brain imaging with T2 weighted and 
FLAIR sequence is often performed to confirm the diagnosis. The common 
MRI findings are symmetric bilateral occipital and parietal lobe subcortical 
white matter involvement (. Fig. 39.4). The treatment of PRES includes sei-
zure control and prophylaxis, hypertension control using oral and intravenous 
agents, correction of electrolyte abnormalities, and discontinuation of impli-
cated medications, if  possible.

The common MRI findings of 
posterior reversible encephalopathy 
syndrome (PRES) are symmetric 
bilateral occipital and parietal 
lobe subcortical white matter 
involvement.
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39.2.5.2   Spinal Cord Compression
Compression of the spinal cord has been reported to occur in 2.5–5% of chil-
dren with cancer. Epidural compression of the spinal cord by spread of a para-
vertebral tumor through an intervertebral foramina is the most frequent 
etiology. Epidural compression compromises vertebral venous plexus flow 
leading to local vasogenic ischemia, hemorrhage, and edema. The majority of 
spinal cord compressions occur due to metastatic tumor spread rather than 
primary spinal tumors. Some common tumors associated with spinal cord 
compression include Ewing sarcoma, neuroblastoma, neuroectodermal cell 
tumors, lymphomas, and germ cell tumors. The treatment of spinal cord com-
pression requires emergent intravenous dexamethasone followed by either 
immediate decompressive laminectomy or targeted chemotherapy and radia-
tion therapy based on the underlying tumor pathology.

39.2.6   Infections

Infections are a major cause of morbidity and mortality in children with can-
cer. Children with cancer often have impairment of host defenses including 
neutropenia, impaired cellular (T-cell, NK-cell) and humoral immunity 
(B-cell), reticuloendothelial system dysfunction, and disruption of skin and 
mucosal barriers due to anticancer therapies (. Table  39.4). These impair-
ments may be inherently related to certain immune cell cancers, but mostly are 
associated with cytotoxic and immunosuppressive anticancer therapies. 
Recently, the use of immunotherapies has substantially increased the risk of 
infections. Impaired host defenses put children with cancer at increased risk of 

The majority of  spinal cord 
compressions occur due to 
metastatic tumor spread instead of 
primary spinal tumors.

The treatment of  spinal cord 
compression requires emergent 
intravenous dexamethasone 
followed by either immediate 
decompressive laminectomy 
or targeted chemotherapy and 
radiation therapy based on the 
underlying tumor pathology.

       . Fig. 39.4 MRI head demonstrating symmetric large confluent areas of  abnormal parenchy-
mal T2 FLAIR hyperintense signal (white arrows) prominently involving bilateral temporal 
lobes (lateral aspects), and bilateral occipital lobes (posteriorly) consistent with the posterior 
reversible encephalopathy syndrome (PRES)
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       . Table 39.4 Common typical and atypical infections in children with cancer

Infections Risk factors Treatment Considerations*

Hematological 
infections

Gram-positive cocci
  Staphylococcus 

aureus
  Coagulase negative 

staphylococcus
  Streptococcus viridans
  Enterococci

Prolonged neutropenia
Indwelling catheter
Mucositis

Vancomycin +/− nafcillin
Penicillin G for Streptococcus 
viridans
Linezolid for vancomycin resistant 
enterococci

Gram-negative bacilli
  Escherichia Coli
  Klebsiella pneumonia
  Pseudomonas 

aeruginosa

Prolonged neutropenia
Indwelling catheter
Hospital acquired
Exposure to 
antibiotics

Cefepime
Meropenem or Imipenem

Salmonella infections
  S. Typhimurium
  S. Dublin

Contaminated food Ceftriaxone followed by transition 
to oral azithromycin or a 
fluoroquinolone

Corynebactrium 
jeikeium

Prolonged neutropenia
Prolonged hospital 
stay

Vancomycin

Bacillus species Indwelling catheter
Total parenteral 
nutrition

Vancomycin plus 
aminoglycosideCeftriaxone 
followed by transition to oral 
azithromycin or a fluoroquinolone

Mycobacterium 
fortuitum 
(Actinobacteria)

Hospital acquired
Skin incisions

Initial therapy for serious disease 
is amikacin plus meropenem, 
followed by at least 4-month 
treatment with two antibiotics 
such as ciprofloxacin, amikacin 
and cefoxitin

Invasive fungal 
infections
  Candida species
  Aspergillus fumigatus 

and flavus
  Malassezia furfur
  Cryptococcus 

neoformans
  Fusarium species

Exposure to 
antibiotics
Prolonged 
immunosuppressed 
state
Indwelling catheters
Total parenteral 
nutrition

Amphotericin B as initial starting 
therapy or when treating neonates 
with CNS disease. Voriconazole is 
the drug of  choice for invasive 
aspergillosis

Adenovirus Community acquired
Impaired cellular 
immunity

Cidofovir

Respiratory infections

Common respiratory 
viral infections
  Respiratory syncytial 

virus
  Influenza viruses
  Parainfluenza viruses
  Human 

metapneumovirus
  Rhinovirus
  Enteroviruses
  Adenovirus

Community acquired
More severe disease

Supportive therapies
Oseltamivir – Influenza
Cidofovir – Adenovirus
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       . Table 39.4 (continued)

Infections Risk factors Treatment Considerations*

Bacterial pneumonias
  Staphylococcus aureus
  Streptococcus 

pneumoniae
  Hemophilus 

influenzae
  Escherichia Coli
  Klebsiella pneumoniae
  Pseudomonas 

aeruginosa

Prolonged neutropenia
Mechanical ventilation

Vancomycin +/− nafcillin
Plus Cefepime if  gram negative 
bacilli are suspected

Mycoplasma 
pneumoniae

Community acquired Macrolides (azithromycin)

Invasive fungal 
infections
  Aspergillus fumigatus 

and flavus
  Mucorales
  Blastomyces
  Histoplasma 

capsulatum

Impaired cellular 
immunity
Hematopoietic cell 
transplant
Iron overload

Amphotericin B plus 
echinocandin as the initial starting 
therapy +/− surgical debridement;
Voriconazole for Aspergillus

Pneumocystis jiroveci 
pneumonia

Impaired cellular 
immunity

Trimethoprim-sulfamethoxazole

Mycobacterium 
tuberculosis
  Primary
  Reactivation

Impaired cellular 
immunity
Contact exposure

Isoniazid and rifampicin 6 months 
followed by maintenance therapy

Adenovirus Impaired cellular 
immunity

Cidofovir

Central nervous system 
(CNS) infections

Listeria monocytogenes Impaired cellular 
immunity

Ampicillin +/− gentamicin

Toxoplasma gondii Impaired cellular 
immunity

Pyrimethamine and sulfadiazine
Folinic acid to minimize toxicity

Cryptococcus 
neoformans

Impaired cellular 
immunity

Amphotericin B plus azoles
Induction with amphotericin B 
and flucytosine for at least 2 weeks 
followed by consolidation with 
amphotericin B and fluconazole 
for at least 8 weeks 

Nocardia asteroides Impaired cellular 
immunity

Trimethoprim-sulfamethoxazole 
Plus imipenem and amikacin for 
serious disease

CNS invasive fungal 
disease
  Candida species
  Aspergillus fumigatus 

and flavus
  Mucorales

Impaired cellular 
immunity
Sinopulmonary disease
Indwelling catheter
Total parenteral 
nutrition

Amphotericin B as the initial 
starting therapy or when treating 
neonates
Voriconazole for aspergillosis

Polyomavirus (JC virus) Impaired cellular 
immunity

Supportive care

*These are simply general considerations and any treatment choices should be verified 
with a more appropriate resource and/or a Pediatric Infectious Disease. Specialist
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life- threatening infections from conventional pathogens and various opportu-
nistic pathogens. It is challenging to identify and differentiate an opportunistic 
infection early due to lack of reliable clinical signs/symptoms, and the poor 
host response limits diagnostic tools in these patients. Therefore, physicians 
must be aware of the potential risk of opportunistic infections associated with 
various immunosuppressive and immunotherapy. In the following section, 
some common opportunistic infections reported in children with cancer will be 
reviewed.

39.2.6.1   Hematological Infections
Bloodstream infections with conventional pathogens are common in neutrope-
nic children with cancers. These infections remain frequent despite efforts to 
provide an aseptic environment and antimicrobial prophylaxis. Gram-positive 
bacteria such as coagulase negative Staphylococci and Streptococcus viridans 
are the most common pathogens isolated in the neutropenic host. However, 
many institutions are reporting trends toward more frequent Gram-negative 
bacilli such Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aerugi-
nosa. Other opportunistic bacteremia reported with varying incidence in this 
population includes Salmonella infections (S. typhimurium, S. dublin, and S. 
enteritidis), Corynebacterium jeikeium, Bacillus species, and Mycobacterium 
fortuitum.

39.2.6.2   Invasive Fungal Infections
Invasive fungal infections (IFI) are a significant medical problem in immuno-
compromised children with cancer. The exact incidence of invasive fungal 
infections is undetermined, but it varies from 5% to 25% in patients with leu-
kemia and HCT. Major risk factors for IFI include neutropenia <500 cells/μL 
for >10 days, hematological malignancies, HCT, prolonged steroid treatment 
(>4 weeks), undergoing an invasive procedure, major surgery, prolonged total 
parental nutrition (TPN)(>4 weeks), and ICU stay >3 weeks. Candida species 
(50% of cases) and Aspergillus species are the most common IFI isolated from 
immunocompromised patients. Other reported etiologies of IFI include 
Cryptococcus species, Fusarium species, Zygomycete species, and Dematiaceous 
fungi.

39.2.6.3   Hematogenous Fungal Infections
Acute hematogenous candidiasis (AHC) is a frequent presentation of invasive 
hematogenous fungal infections. Candida albicans is the most common cause of 
AHC, followed by Candida tropicalis and Candida krusei. Candida parapsilosis 
is associated with TPN use. Surveillance blood cultures have limited value in the 
detection of AHC as only 20–35% patients have a positive blood culture. A high 
level of clinical suspicion is needed in patients with known risk factors, who 
have persistent or relapsing fever despite antibiotics, maculopapular rash, myal-
gia, and new or persistent thrombocytopenia. Fungal endophthalmitis is a fre-
quent complication of AHC which manifests as headache, blurry vision, and/or 
orbital pain. A surveillance eye examination is indicated in patients diagnosed 
with AHC. Conventional or liposomal Amphotericin B is the drug of choice for 
the treatment of AHC. Other alternatives include azoles (fluconazole or vori-
conazole) and micafungin. Malassezia furfur is a part of the cutaneous com-
mensal flora and is associated with a wide spectrum of fungal infections. 
Debilitated patients supported with TPN are prone to fungemia with Malassezia 
due to its lipophilic properties. Treatment includes Amphotericin B, removal of 
the central venous catheter, and discontinuation of TPN.

Gram-positive bacteria such as 
coagulase negative Staphylococci 
and Streptococcus viridans are the 
most common pathogens isolated 
in the neutropenic host with a 
bloodstream infection.

Major risk factors for invasive 
fungal infections include 
neutropenia <500 cells/μL 
for >10 days, hematological 
malignancies, hematopoietic cell 
transplant, prolonged steroid 
treatment (>4 weeks), undergoing 
an invasive procedure, major 
surgery, prolonged total parental 
nutrition (>4 weeks), and ICU 
stay >3 weeks.
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39.2.6.4   Pulmonary Infections
Impaired local and systemic defense mechanisms put children with cancer or 
those undergoing HCT at high risk for serious upper and lower respiratory tract 
infections from either common or opportunistic microorganisms. Progression 
of these respiratory infections to lower respiratory tract increases morbidity and 
mortality in immunocompromised children especially those with HCT. These 
patients are at risk of serious respiratory infections due to common viral or 
bacterial pathogens occurring in healthy children such as bacterial pathogens 
(Streptococcus pneumoniae, Staphylococcus aureus, and Hemophilus influenzae), 
viral pathogens (respiratory syncytial virus, influenza viruses, parainfluenza 
viruses, human metapneumovirus, rhinovirus, enteroviruses, and adenovirus), 
and atypical bacteria (Mycoplasma pneumoniae). These patients are also at risk 
for hospital-acquired pathogens especially, methicillin resistant Staphylococcus 
aureus, enteric Gram-negative bacilli, and Pseudomonas aeruginosa. Also, they 
are at risk for opportunistic infections from atypical organisms such as invasive 
aspergillosis, mucormycosis, Pneumocystis jiroveci pneumonia, and cytomegalo-
virus pneumonitis and reactivation of dormant infections such as mycobacte-
rium, Histoplasma capsulatum, Herpes simplex virus, and Herpes varicella-zoster. 
In the following section, we briefly discuss a few of the opportunistic pulmonary 
infections.

39.2.6.5   Invasive Sinopulmonary Fungal Disease
Invasive aspergillosis is commonly caused by Aspergillus fumigatus and 
Aspergillus flavus. Exposure to aspergillus conidia is frequent, but in an immu-
nocompromised host with an ineffective immune response, aerosolized asper-
gillus conidia enter the body through the sinopulmonary tract. Once in the 
body, these conidia can germinate into fungal hyphae and invade pulmonary 
arteries leading to pulmonary artery thrombosis, pulmonary hemorrhage, and 
lung tissue necrosis. Clinical manifestations include persistent or relapsing 
fever, pleuritic chest pain, and persistent dry cough. Dyspnea, hypoxemia, and 
hemoptysis are late clinical features associated with advanced disease. The 
typical radiological findings include a nodule or nodules surrounded by a halo 
of ground-glass attenuation “halo sign” or late findings of the “air-crescent 
sign” due to the separation of necrotic lung tissue from the surrounding paren-
chymal tissue. However, it is important to recognize that these findings are not 
specific to aspergillosis and can be observed in other invasive fungal diseases, 
and in pediatric patients, radiological findings are more variable and mostly 
nonspecific. The diagnosis should be promptly established with bronchoalveo-
lar lavage (BAL) or computerized tomography (CT) guided biopsy of lung 
lesions. Monotherapy with voriconazole is the initial recommended therapy. 
For severe and aggressive disease, a combination therapy with voriconazole 
and an echinocandin is recommended. Empiric therapy with Amphotericin B 
can be considered if  the diagnosis of aspergillosis is not yet established or if  the 
patient has recently been treated with azoles. Approximately 10–15% of 
patients can have CNS dissemination of the disease. Those with severe and dis-
seminated invasive aspergillosis especially HCT-recipients have mortality rates 
as high as 80%.

Similar to invasive aspergillosis, mucormycosis is an angio-invasive fungal 
disease. Mucormycosis occurs less frequently, but is a far more aggressive dis-
ease than invasive aspergillosis. Mucormycosis often disseminates to the lungs, 
sinuses, orbital cavity and, in rare cases, the CNS.  Risk factors include an 
immunosuppressed state, status post HCT, diabetes mellitus, iron overload, 
and exposure to deferoxamine. The clinical presentation and radiological find-
ings are not very helpful in differentiating between mucormycosis and invasive 
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aspergillosis. Treatment of mucormycosis involves a combination of antifun-
gal therapy and surgical debridement of infected tissue. Amphotericin B is the 
drug of choice for initial antifungal therapy and should be continued until 
there is clinical resolution of the disease. Posaconazole can be used as step- 
down therapy as most patients need antifungal therapy for weeks, and longer 
if  an immunocompromised state persists. Overall, mortality from invasive 
mucormycosis with CNS involvement ranges from 25% to 65%.

39.2.6.6   Pneumocystis Jiroveci Pneumonia
Pneumocystis jiroveci pneumonia (PJP) is a frequent fungal infection in children 
with impaired cellular immunity. Clinical manifestations include dry cough, 
dyspnea, and progressive hypoxemia, often out of proportion to the radio-
graphic lung findings. The characteristic radiographic findings are bilateral 
symmetric interstitial infiltrates; other findings may include consolidations, 
nodules, unilateral infiltrates, and/or pneumatoceles. CT-imaging often reveals 
ground glass opacities with thickening of the interlobular septa. Bronchoscopy 
with BAL is a safe and sensitive test to confirm the PJP diagnosis. PJP is treated 
with trimethoprim-sulfamethoxazole (TMP-SMX). Pentamidine can be used 
with caution as an alternative agent for those allergic to sulfa- containing drugs. 
Pentamidine can cause serious adverse effects such as bronchospasm, cardiac 
arrhythmias, hypotension, hypoglycemia, and azotemia. Prophylactic treat-
ment with trimethoprim-sulfamethoxazole (TMP-SMX) or pentamidine is rec-
ommended in patients undergoing HCT for up to 6  months and those with 
severely impaired cellular immunity.

39.2.6.7   CNS Infections
As a result of their immunocompromised state, children with cancer are at risk 
of developing various opportunistic CNS infections. Common clinical manifes-
tations of CNS infection include seizures, encephalopathy, persistent headaches, 
visual deficits, and new neurological sensory or motor deficits. A prompt infec-
tious work up including cerebrospinal fluid microbiological analysis and appro-
priate CNS imaging is needed to delineate the etiology. Listeria monocytogenes, 
Toxoplasma gondii, Cryptococcus neoformans, Nocardia asteroides, and poly-
omavirus can occur in those with impaired cellular immunity. CNS disease, as a 
local or hematogenous spread of invasive fungal disease (e.g., candidiasis, asper-
gillosis, and mucormycosis), can occur in those with prolonged neutropenia.

39.2.7   Febrile Neutropenia

Febrile neutropenia is defined as fever (temperature > 100.3 °F) and an abso-
lute neutrophil count (ANC) ≤500 cells/μL. Febrile neutropenia is a serious 
life- threatening complication of chemotherapy, which requires prompt recog-
nition and initiation of appropriate antimicrobial therapy. These patients often 
have no or minimal symptoms of bacterial/fungal infection. The initial exami-
nation requires close examination of common sites of infection such as the 
skin, oropharyngeal mucosa, respiratory tract, gastrointestinal tract, and geni-
tourinary tract. Also, any site with a recent or active indwelling catheter 
requires thorough examination. Additionally, blood cultures should be 
obtained from all lumens of an indwelling central venous catheter as well as 
from a peripheral blood site. A chest radiograph should be performed in those 
with respiratory symptoms. These patients can be classified into a high-risk 
category based on the duration of neutropenia (>7 days), the degree of neutro-
penia (≤100 cells/μL), associated multiorgan dysfunction (renal or liver insuf-
ficiency), and hemodynamic instability. It is recommended to adopt a validated 
risk  stratification strategy and to incorporate this strategy into clinical practice.

PJP is treated with TMP-SMX. 
Pentamidine can be used with 
caution as an alternative agent for 
those allergic to sulfa- containing 
drugs.

Febrile neutropenic patients 
can be classified into a high-risk 
category based on the duration of 
neutropenia (>7 days), the degree 
of  neutropenia (≤100 cells/μL), 
associated multiorgan dysfunction 
(renal or liver insufficiency), and 
hemodynamic instability.
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Based on the most current guidelines, pediatric patients with febrile neutro-
penia who are clinically stable and have no risk factor can be empirically treated 
intravenously by monotherapy with an antipseudomonal beta-lactam penicil-
lin (i.e., piperacillin–tazobactam or ticarcillin–clavulanic acid), an antipseudo-
monal cephalosporin (i.e., cefepime or ceftazidime), or a carbopenem (i.e., 
meropenem and imipenem). However, the addition of a glycopeptide (i.e., van-
comycin) and a second gram-negative agent should be strongly considered for 
patients who are clinically unstable, who have associated high-risk factors, or 
when a resistant infection is suspected. The most appropriate antibiotic cover-
age for high-risk patients is a combination of two antipseudomonal agents 
such as a beta-lactam penicillin (i.e., piperacillin–tazobactam or ticarcillin- 
clavulanic acid), an antipseudomonal cephalosporin (i.e., cefepime or ceftazi-
dime), or a carbapenem (i.e., meropenem or imipenem), and the addition of a 
glycopeptide (i.e., vancomycin).

Empiric antifungal therapy is not recommended for routine use in low-risk 
patients. Antifungal therapy should be considered in patients who are at high 
risk for invasive fungal infection including patients with acute myeloid leuke-
mia, relapsed acute lymphoid leukemia, on highly myelosuppressive chemo-
therapy for other malignancies and allogeneic HCT recipients with persistent 
fever despite prolonged (≥4  days) broad spectrum antibiotic therapy and 
expected duration of neutropenia (≥10 days).

Antimicrobial treatment should be continued until the patient is afebrile for 
more than 48 hours and clinically stable, has at least two consecutive negative 
blood cultures, and has recovery of neutrophil count >500 cells/μL. For the 
patient with a causative agent identified, the treatment duration depends on 
the organism and the site of infection. Early consultation with an infectious 
disease specialist with expertise in oncological diseases is often required 
because most of these patients have extensive prior history of infections and 
exposure to various antimicrobial agents. Antimicrobial prophylaxis with fluo-
roquinolone (i.e., ciprofloxacin and levofloxacin) is recommended for high-risk 
patients with prolonged neutropenia (>7 days). Also, patients who have under-
gone HCT or who received salvage/intensive chemotherapy for acute leukemia 
are considered high risk for an invasive fungal disease during the prolonged 
period of severe neutropenia. Antifungal prophylaxis with either an azole (i.e., 
fluconazole, itraconazole, and posaconazole) or an echinocandin (i.e., mica-
fungin and capsofungin) class agent is highly recommended in these patients. 
Granulocyte-colony stimulating factor, (G-CSF) such as filgrastim or pegfil-
grastim, is often used to prevent chemotherapy-induced neutropenia in high- 
risk patients with solid or nonmyeloid cancers. G-CSF can also be used in 
patients with solid or nonmyeloid cancers to reduce time for recovery of neu-
trophil count during a febrile neutropenia episode.

39.2.8   Special Considerations in Sepsis

Children with cancer often undergo aggressive treatment with chemotherapy, 
radiation, and surgery. These intensive therapies usually require placement of 
indwelling catheters, frequent procedures and/or catheter access, and commonly 
lead to a prolonged immunosuppressed state, which substantially increase the 
risk of typical and atypical opportunistic infections in these patients. Children 
with cancer, particularly those with high-risk hematological malignancies and 
post-HCT, are prone to develop severe sepsis and shock and have higher sepsis-
related mortality (17–25% in those with cancer without HCT and 30–45% in 
those post-HCT) compared to children without cancers (8–15%). Also, mortal-
ity can exceed 70% if three or more organs are dysfunctional.
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Although the majority of  the management of  severe sepsis and septic 
shock is similar to that in other children and should be based on the recom-
mendations of  the published consensus guidelines, there are some important 
considerations when treating a cancer patient with severe sepsis or septic 
shock. First, it is important to characterize the risk of  infection and the base-
line multiorgan functional status to individualize treatment plans. Risk, sever-
ity, and type of  infection often vary based on the initial site of  infection, the 
type of  underlying cancer, the regimen of anticancer therapy, the phase of 
anticancer therapy (e.g., induction, delayed intensification, or maintenance), 
the relapsed or recurrent disease status, and the duration and severity of  the 
immunosuppressed state. In patients who have received or are undergoing 
HCT, the risk depends on the type of  conditioning regimen, the type of  HCT, 
first versus previously failed HCT, and the phase of  HCT (e.g., preengraft-
ment and postengraftment or >100 days post-HCT). Other essential informa-
tion includes history of  documented infections, past antimicrobial therapies 
and antimicrobial prophylaxis, and recent steroid use and anticancer therapy-
induced organ dysfunction (e.g., radiation/bleomycin-induced acute lung 
injury, doxorubicin- related dilated cardiomyopathy, steroid/radiation-related 
restrictive cardiomyopathy, cisplatin-induced acute tubular kidney injury, 
peg-asparaginase-induced acute pancreatitis, and decarbazine-induced acute 
liver injury).

The initial diagnostic evaluation includes a complete blood cell count, basic 
chemistry values, aerobic and anaerobic blood cultures, urine culture, and 
chest radiograph. Adequate blood volume should be obtained from each 
lumen of the central indwelling catheter for culture. The Infectious Disease 
Society of America recommends weight-based criteria (blood volume prefera-
bly >2 mL), and if  <10 mL of blood is obtained, blood should be placed in a 
single aerobic bottle rather than divided between aerobic and anaerobic bot-
tles. As patients with an immunosuppressed state are more prone to atypical 
pathogens, they often require more specialized studies such as tissue biopsy or 
BAL; stool samples for common enteric pathogenic bacterial panel, Clostrid-
ium difficile toxin, ova/parasites, and viral particles; fungal cultures; respira-
tory viral polymerase chain reaction (PCR) panel; and blood viral PCR studies. 
The specifics of the diagnostic work up should preferably be guided by infec-
tious disease specialists. In selective cases with high risk for invasive fungal 
disease, CT-imaging of the sinuses, chest, abdomen, and pelvis must be consid-
ered to determine the extent of fungal disease. At times, it is required to obtain 
serial levels of markers of inflammation including C-reactive protein (CRP), 
procalcitonin (PCT), serum ferritin, and cytokines (e.g., IL-6, IL-8, and IL-10) 
to differentiate between bacterial and viral pathogens, to identify patients with 
cytokine release syndrome and secondary HLH, or to monitor the response to 
therapy. Data on the utility of such biomarkers and the impact on overall out-
come among these patients are limited. Finally, serial measurement of markers 
of oxygen delivery (e.g., serum lactate concentration and mixed venous oxygen 
saturation); markers of organ function such as brain natriuretic peptide (BNP), 
creatinine, cystatin C, serum liver enzyme levels, lactate dehydrogenase concen-
tration, coagulation profile, and advanced hemodynamic monitoring (central 
venous pressure, echocardiography, pulse contour cardiac output monitor 
(PiCCO), and lithium dilution cardiac output monitor (LiDCO)) may be use-
ful to guide resuscitation, blood product transfusion, and vasoactive inotropic 
support in these patients.

The risk, severity and type of 
infection in children with cancer 
varies based on the site of  infection, 
the type of  underlying cancer, the 
regimen of  anticancer therapy, the 
phase of  anticancer therapy (e.g., 
induction, delayed intensification, 
or maintenance), and relapsed or 
recurrent disease status, as well as 
the duration and severity of  the 
immunosuppressed state.

 A. Saini and S. Karmarkar



1189 39

Empiric antimicrobial therapy should be given intravenously and prefer-
ably within 1 hour of  presentation. The most appropriate antibiotic coverage 
should be a combination of  two antipseudomonal agents such as a beta-
lactam penicillin (i.e., piperacillin-tazobactam or ticarcillin-clavulanic acid), 
an antipseudomonal cephalosporin (i.e., cefepime or ceftazidime) or a car-
bapenem (i.e., meropenem or imipenem), an aminoglycoside (i.e., gentami-
cin), and a glycopeptide (i.e., vancomycin). Empiric antifungal therapies 
with azoles or echinocandins should be considered in those with high risk of 
invasive fungal disease or persistent fever despite prolonged (≥4 days) anti-
biotic therapy and anticipated duration of  neutropenia (≥10 days) in consul-
tation with an infectious disease specialist. Early removal of  an infected 
indwelling central venous catheter should be strongly considered in the pres-
ence of  specific pathogens such as Pseudomonas aeruginosa, Bacillus species, 
vancomycin-resistant Enterococci species, Stenotrophomonas maltophilia, 
Corynebacterium jeikeium, Acinetobacter species, polymicrobial organisms, 
atypical mycobacteria, and multidrug resistant organisms or fungemia due 
to Candida species.

Crystalloid fluid resuscitation should be judicious and must be guided by 
clinical response and age-specific hemodynamic parameters. These patients 
are at high risk of  fluid overload, acute lung injury, circulatory overload, 
cardiac failure, capillary leak syndrome, and multiorgan dysfunction. Exces-
sive crystalloid only resuscitation can lead to hypoalbuminemia, hyperchlo-
remic metabolic acidosis, and dilutional anemia, which can worsen an 
ongoing capillary leak syndrome and multiorgan dysfunction. Therefore, 
many experts are now recommending early initiation of  vasopressor infu-
sions along with the use of  colloids to minimize these complications. How-
ever, current evidence is limited in support of  such practice. Many children 
with cancer have absolute or relative adrenal insufficiency due to anticancer 
therapies, recent steroid use, and/or cranial radiation exposure. Timely sup-
plementation of  hydrocortisone is strongly recommended in those with 
fluid-refractory, catecholamine-resistant septic shock, and suspected or 
proven adrenal insufficiency. Cytokine release syndrome, postengraftment 
syndrome, and secondary HLH syndrome should be suspected in those with 
HCT or exposure to immunotherapies (e.g., CAR T-cells and monoclonal 
antibodies). However, the decision to use steroids (methylprednisolone and 
dexamethasone) to allay cytokine release syndrome, postengraftment syn-
drome, or secondary HLH should be made in conjunction with the treating 
hemato-oncology specialist particularly given the propensity of  these ste-
roids to produce lymphopenia. A careful evaluation is needed to estimate 
the risk of  graft or CAR T-cell failure in response to steroid therapy versus 
the risk of  worsening organ failure related to immune dysregulation. The use 
of  G-CSF and granulocyte infusions is limited to those with prolonged neu-
tropenia (ANC  <  500  cells/μL) and persistent infection despite being on 
adequate  antimicrobial coverage (>48  hours). Although G-CSF has been 
found to decrease the duration of  neutropenia in clinical trials, it has failed 
to demonstrate benefits in terms of  mortality. Currently, routine use of 
G-CSF is not recommended in severe sepsis or septic shock in immunosup-
pressed patients.

Empiric antifungal therapies with 
azoles or echinocandins should 
be considered in those with high 
risk of  invasive fungal disease or 
persistent fever despite prolonged 
(≥4 days) antibiotic therapy and 
anticipated duration of  neutropenia 
(≥10 days) in consultation with an 
infectious disease specialist.
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39.3   Hemophagocytic Lymphohistocytosis Syndrome

Hemophagocytic lymphohistocytosis (HLH) syndrome is an increasingly rec-
ognized life-threating condition of immune dysregulation. The pathogenesis 
of HLH includes uncontrolled activation of lymphocytes (NK-cells) and mac-
rophages, which leads to the release of proinflammatory cytokines (IFN-γ, 
TNF-α, IL-6, and M-CSF), an “acute cytokine storm,” and a resultant hyper-
inflammatory state. The common clinical manifestations are severe cytopenia, 
hepatosplenomegaly, hyperferritinemia, hypertriglyceridemia, and hypofibrin-
ogenemia. HLH can be classified as primary (inherited mutations) or acquired 
(infections, autoimmune diseases and primary immune deficiency syndromes). 
The diagnostic criteria of HLH include clinical, laboratory, and molecular cri-
teria. Clinical manifestations of primary and secondary HLH are similar. The 
diagnosis of HLH can be made if  five out of eight clinical and laboratory cri-
teria are met or any predisposing genetic mutations are identified (. Table 39.5). 
In general, most patients present with high grade, prolonged fever (>1 week), 
skin rash (30–45% of patients), hepatosplenomegaly, and cytopenia. Late clin-
ical manifestations include liver dysfunction, DIC, seizures, altered mental sta-
tus, multiple organ failure, and death if  the pathophysiology is left unchecked 
by therapeutic interventions.

39.3.1   Primary HLH

Primary HLH is more frequent in infants, and up to 65–80% of primary HLH 
patients present within 1 year of age. The majority of primary forms of HLH 
are caused by mutations in genes encoding proteins for components essential 
for perforin-dependent T- and NK-cell cytotoxic activity. Thus far, mutations 
in five of these genes have been identified (. Table  39.6). However, newer 
mechanisms with no, or only partially impaired cytotoxic activity have been 
elucidated including: (1) partially impaired cytotoxic activity to EBV infection, 

The common clinical 
manifestations of  hemophagocytic 
lymphohistocytosis (HLH) 
are severe cytopenia, 
hepatosplenomegaly, 
hyperferritinemia, 
hypertriglyceridemia, and 
hypofibrinogenemia.

       . Table 39.5 Revised Histiocytosis Society 2004 Diagnostic Criteria for 
Hemophagocytic Lymphohistiocytosis (HLH)

Diagnosis of  HLH can be confirmed if  either criterion A or B is fulfilled

(A) Molecular diagnosis consistent with familial or primary HLH
(B)  Clinical and biochemical criteria for HLH (if  at least 5 of  8 criteria are fulfilled 

below)
  1. Fever
  2. Splenomegaly
  3. Cytopenia (affecting two or more of  the three lineages)
    Hemoglobin concentration < 9.0 g/dL
    Platelet count <100,000/μL
    Absolute neutrophil count <1000/μL
  4.  Hypertriglyceridemia (≥3 mmol/L or ≥265 mg/dL) and/or hypofibrinogenemia 

(≤1.5 g/L)
  5. Elevated ferritin (≥500 μg/L)
  6.  Evidence of  hemophagocytosis in bone marrow, spleen or lymph nodes without 

evidence of  malignancy
  7. Low or absent NK-cell activity
  8. Soluble CD25 (soluble IL-2 receptor ≥2400 U/mL)

Adapted from: Henter et al. (2007)
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(2) uncontrolled activation of inflammasome-associated components, and (3) 
severe or partial T-cell dysfunction associated with some primary immunodefi-
ciency disorders.

39.3.2   Secondary HLH

Secondary HLH has been associated with several conditions including viral 
infections (25–30%), bacterial and protozoan infections (20%), malignancies 
(15–20%), rheumatologic disorders (5–10%), and more recently, biological 
cancer therapies. Herpes viruses including EBV and Human Herpes Virus-6 
(HHV-6) are frequently reported triggers for either primary or secondary 
HLH.  These viruses can infect B-cells and activate the immune system. 
Secondary HLH is often associated with hematological malignancies such as 
T-cell lymphoma, B-cell lymphoma, and leukemia, and rarely, solid tumors 
such as sarcomas and germ cell tumors. Macrophage Activation Syndrome 
(MAS), often classified as secondary HLH, can be associated with many rheu-
matologic and inflammatory disorders especially systemic juvenile idiopathic 
arthritis, Still disease, systemic lupus erythematosus, Kawasaki disease, and 

       . Table 39.6 Types and related molecular defects of  primary hemophagocytic 
lymphohistiocytosis (HLH)

Primary HLH type Syndrome Gene Biochemical findings

Impaired cytotoxic 
granule dependent

FHL2

FHL3

FHL4

FHL5

Griscelli type 2 
(hypopigmentation)
Chediak-Higashi
(hypopigmentation)

PRF1

UNC13D

STX11

STXBP2

RAB27A

LYST

Low or absent perforin 
expression
Low CD107a 
expression
Low CD107a 
expression
Low CD107a 
expression
Low CD107a 
expression
Low CD107a 
expression

Partially impaired 
cytotoxic activity to 
EBV infection

XPL1 Duncan’s disease SH2D1A Low or absent SAP 
expression, reduced 
NK- and T-cell 
activity

Uncontrolled 
activation of 
inflammasome

XLP2 BIRC4
NLRC4

Reduced NK- and 
T-cell activity
High IL-18 levels

Severe or impaired 
T-cell function

Primary immune 
deficiency syndrome

IL2GR
IL7R
CD3e
RAG-1
ORA1
CD27
ITK

Impaired T-cell 
activity

Adapted from: Sepulveda and de Saint Basile (2017)
EBV Epstein Barr virus, SAP SLAM (signaling lymphocytic activation molecule)-associ-
ated protein
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familial Mediterranean periodic fever syndrome. The exact pathophysiologic 
mechanisms leading to secondary HLH in an individual condition are not fully 
understood, but an underlying uncontrolled/dysregulated activation of the 
immune system as the central process has been implicated in most conditions. 
There is an on-going movement to simply have MAS be considered secondary 
HLH.

39.3.3   Management of HLH

A high index of suspicion is required to identify children with either primary 
or secondary HLH. Any patient in the PICU with clinical features of the sys-
temic inflammatory response syndrome and multiorgan dysfunction is a poten-
tial case of HLH.  It is prudent to obtain supportive biochemical and 
diagnostic tests in patients who meet the clinical component of the Histiocytosis 
Society HLH diagnostic criteria (. Table 39.5). Therapies to target hyperac-
tive T-cells and histocytes should be promptly initiated if  a patient meets HLH 
diagnostic criteria. For those patients with suspected or proven primary HLH, 
treatment based on HLH-94 or HLH-2004 protocols, which includes a combi-
nation of chemotherapy (etoposide and methotrexate) and immunosuppres-
sion (dexamethasone and cyclosporine A) is recommended. HLH 94 /2004 
includes an 8-week course of etoposide, intrathecal methotrexate, and dexa-
methasone followed by cyclosporine and pulse doses of etoposide and dexa-
methasone. Many children with primary HLH require evaluation for 
hematopoietic cell transplantation. For resistant cases, the use of other investi-
gational therapies including alemtuzumab (anti-CD52), daclizumab (anti-
 CD25), and infliximab (anti-TNF) has been reported with varying responses.

The treatment of secondary HLH remains a matter of discussion. In 2019, 
recommendations for the management of HLH in adults suggested less aggres-
sive and individualized management based on the underlying etiology for the 
secondary HLH. Successful use of the IL-1 receptor antagonist (anakinra) for 
MAS, monoclonal antibodies against B-cell CD20 protein (rituximab) for per-
sistent EBV-induced HLH, and monoclonal antibodies against IL-6 receptor 
for CAR T-cell induced HLH has been reported.

39.4   Anticancer Therapies

Anticancer therapies are rapidly evolving with a paradigm shift in the approach 
to cancer. No longer is cancer considered merely a clonal proliferation of 
transformed tumor cells, but rather, carcinogenesis is viewed as a combination 
of both proliferation of tumor cells and nontransformed heterogeneous fac-
tors including endothelial cells, extracellular matrix, and immune cells. 
Consequently, anticancer therapies can target DNA by directly disrupting the 
DNA helix and/or by interfering with DNA-associated proteins. In addition, 
these therapies can modify the expression of certain genes, inhibit RNA, target 
cell surface receptors, or intracellular proteins, disrupt components of the 
extracellular matrix and endothelium, and/or modulate the immune system. 
Classically, anticancer therapies are divided into groups based on their mecha-
nism of action and chemical structures such as chemotherapy (e.g., alkylating 
agent, antimetabolite, and topoisomerase inhibitor), hormonal therapy, radia-
tion therapy, and immunotherapy. Recently, a new classification has been pro-
posed and widely adapted in which anticancer therapies are classified based on 
their target element in the carcinogenesis (. Table  39.7). . Table  39.7 also 
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       . Table 39.7 Common chemotherapy agents used in childhood malignancies

Agent Used for Side effects Special 
considerations

Directed against DNA

  Alkylating agents

   Cyclophosphamide
(toxicity >100 mg/kg 
cumulative dose)

Lymphoma
Leukemia
Neuroblastoma
Sarcomas

Bone marrow 
suppression
Hemorrhagic 
cystitis
With high 
dose – SIADH
Rare – 
Hemorrhagic 
myocarditis, 
VOD, 
pulmonary 
fibrosis

Mesna to 
prevent cystitis
Dialysis for 
severe overdose

   Ifosfamide Third 
line-lymphoma, 
testicular cancer, 
osteosarcoma and 
sarcomas

Bone marrow 
suppression
Hemorrhagic 
cystitis
Metabolic 
encephalopathy
Severe 
nephrotoxicity 
(glomerular and 
tubular)

Mesna to 
prevent cystitis
IV methylene 
blue for severe 
encephalopathy

   Decarbazine Lymphoma
Ewing sarcoma
Pheochromocytoma

Severe emesis
Hepatitis
Hepatic necrosis
Hepatic vein 
thrombosis

Avoid in 
preexisting liver 
dysfunction
Premedicate 
with 
dexamethasone 
plus 5-HT3 
inhibitors

   Bleomycin Lymphoma
NHL
Testicular cancer

Acute or chronic 
pulmonary 
fibrosis
Rare 
cases – ARDS

Exposure to 
supplemental 
oxygen increases 
the risk of  lung 
toxicity

    Platinum agents 
(cisplatin and 
carboplatin)

Testicular cancer
Sarcoma
Ovarian

Peripheral 
neuropathy
Sensory neural 
deafness
Bone marrow 
suppression

Hydration and 
diuresis to 
prevent 
accumulation 
and minimize 
toxicity

Directed against 
DNA-related proteins

(topoisomerases I and 
II andetoposide)

Hodgkin lymphoma 
NHL
Leukemia
Testicular tumor
HLH

Bone marrow 
suppression
Secondary AML

(continued)
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       . Table 39.7 (continued)

Agent Used for Side effects Special 
considerations

Antimetabolites

  Antifolate
   Methotrexate

ALL
Osteogenic sarcoma

Mucositis
Anemia
Bone marrow 
suppression
Encephalitis 
with intrathecal 
dose
Stroke-like 
symptoms
Acute kidney 
injury

Folinic acid 
(Leucovorin) 
rescue
Hemodialysis in 
severe cases
Glucarpidase 
(new 
investigational 
drug)

  Pyridimine analogs

   Cytarabine ALL
AML
NHL

Bone marrow 
suppression
Subacute 
noncardiogenic 
pulmonary 
edema
Mucositis
Keratitis

   5-fluorouracil Breast cancer
Colon cancer
Stomach cancers

Diarrhea
Bone marrow 
suppression
Cardiac 
dysfunction

   Gemicitabine Lung cancers, 
pancreatic and 
ovarian cancers

Bone marrow 
suppression
Capillary leak 
syndrome
PRES

  Purine analogs

    Mercaptopurine 
(6-MP)

ALL
AML
NHL
Autoimmune 
diseases

Hepatitis
Pancreatitis
Secondary 
malignancies

Antitumor antibiotics

  Anthracyclines
   Dactinomycin
   Daunorubicin
   Doxorubicin

Wilms tumor
ALL
AML
Osteogenic sarcoma
NHL
Neuroblastoma
Other childhood 
sarcomas

Secondary 
malignancies
Cardiomyopathy 
(cumulative dose 
>600 ng/m2 for 
daunorubicin, 
>450 ng/m2 for 
doxorubcin)
Dysrhythmias
Heart failure

Drugs with 
antioxidant 
properties 
(dexrazoxane) 
and carvedilol 
have been found 
to decrease 
cardiac toxicity
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Agent Used for Side effects Special 
considerations

Microtubule inhibitor

  Vinca alkaloids
  Vincristine
  Vinblastine

ALL
AML
Ewing sarcoma
Lymphoma
Wilms tumor

Bone marrow 
suppression
Peripheral 
neuropathy 
(more in 
vincristine)
Alopecia
Constipation

Gabapentin for 
neuropathic pain 
and glutamine 
supplementation 
to prevent 
peripheral 
neuropathy have 
been used

Enzymes

  L –asparaginase ALL
AML

Pancreatitis
Hepatitis
DIC
Anaphylaxis

High risk for 
deep venous 
thrombosis

Tumor protein-targeted 
therapies

Tyrosine kinase 
inhibitors

   Imatinib Philadelphia + 
AML and CML

Bone marrow 
suppression
Edema
Weight gain
Congestive heart 
failure

Cytochrome 
P450 dependent 
metabolism 
Avoid 
simultaneous 
use of  drugs that 
can inhibit 
cytochrome 
P450

   Alisertib MYCN + 
Neuroblastoma

Bone marrow 
suppression
Fatigue

SIADH syndrome of  inappropriate antidiuretic hormone, VOD veno-occlusive disease, 
IV intravenous, NHL non-Hodgkin lymphoma, ARDS acute respiratory distress syn-
drome, AML acute myeloid leukemia, HLH hemophagocytic lymphohistiocytosis, ALL 
acute lymphoid leukemia, PRES posterior reversible encephalopathy syndrome, DIC dis-
seminated intravascular coagulation, CML chronic myeloid leukemia

       . Table 39.7 (continued)

includes a few of the side effects of these therapies most relevant to the critical 
care provider. A detailed discussion of individual antineoplastic medications is 
beyond the scope of this chapter. However, a few conventional and emerging 
novel anticancer therapies with relevance to the pediatric critical care provider 
will be briefly discussed.

39.4.1   Agents Disrupting the DNA Helix

39.4.1.1   Alkylating Agents
Alkylating agents were one of the first class of drugs used for anticancer ther-
apy. They are cytotoxic as alkylation results in disruption of DNA nucleotide 
sequence, abnormal messenger RNA coding, DNA breakage, and stoppage of 
DNA replication. The cancer cells are rendered unable to replicate effectively 
and enter into apoptosis. These agents are effective against actively dividing 
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cells irrespective of the point in the cell cycle. Therefore, they are cell cycle 
phase independent. Common alkylating agents include nitrogen mustard 
(cyclophosphamide, ifosfamide, and chlorambucil), nitrosoureas (carmustine 
and lomustine), triazenes (decarbazine), antibiotics (bleomycin and mitomy-
cin), and platinum compounds (cisplastin, carboplatin, and oxaliplatin).

39.4.2   Agents Interfering with DNA-Related Proteins

Antimetabolites, topoisomerase inhibitors, and anthracyclines can interfere 
with DNA–protein complexes without directly binding to DNA. They disrupt 
DNA production and replication required for cell growth and division.

39.4.2.1   Antimetabolites
Antimetabolites are analogs of various substances including nucleosides, 
amino acids, or vitamins. They compete with the natural substrates for an 
active binding site or receptor to inhibit the enzymatic process necessary for 
replication of cells. These agents are most active during the S-phase of the cell 
cycle. Also, their efficacy is improved if  given over a long period of time. 
Common antimetabolites often used are antifolates (methotrexate), pyrimidine 
analogs (cytarabine, 5-fluorouracil, and gemcitabine), adenosine analogs 
(fludarabine and cladribine), and purine analogs (mercaptopurine (6-MP)).

39.4.2.2   Topoisomerase I and II Inhibitors
Topoisomerase enzymes control the changes in DNA tri-dimensional structure 
by controlling winding and unwinding of double stranded DNA. Topoisomerase 
inhibitors include camptothecin derivatives (irinotecan and topotecan) exert-
ing their cytotoxic effect by inhibiting topoisomerase I. Epipodophyllotoxin 
derivatives (etoposide and teniposide) and anthracyclines (daunorubicin and 
doxorubicin and their analogs epirubicin and idarubicin) inhibit topoisomer-
ase II.

39.4.3   Antitumor Antibiotics

Antitumor antibiotics are derived from microorganisms. They are usually cell 
cycle independent agents and are especially useful in slowly growing tumors. 
They act by several mechanisms including the induction of DNA strand 
breaks, intercalation between DNA base pairs, and inhibition of topoisomer-
ase II. This family of cytotoxic agents includes anthracyclines (daunorubicin, 
doxorubicin, liposomal doxorubicin, epirubicin, and idarubicin), bleomycin, 
mitomycin, and mitoxantrone.

39.4.4   Vinca Alkaloids and Taxanes

These drugs bind to microtubular proteins, thus inhibiting microtubule assem-
bly (M-phase of the cell cycle) and resulting in dissolution of the mitotic spin-
dle structure. They include vinblastine, vincristine, vindesine, and vinorelbine. 
Taxanes (paclitaxel, docetaxel, and cabazitaxel) not only bind to microtubules, 
but also promote microtubule assembly and resistance to depolymerization, 
resulting in the production of nonfunctional microtubules.
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39.4.5   Kinase Inhibitors

Kinases are a group of catalyst enzymes (>500) involved in phosphorylation in 
cells. Kinases are composed of a binding site for ATP and one or more sites for 
substrates. Various types of kinase inhibitors have been developed to inhibit 
overactive kinases implicated in breast, bowel, lung, and blood cancers. Kinase 
inhibitors can be classified into direct (reversible and irreversible) or indirect 
inhibitors. In general, the use of kinase inhibitors is limited in childhood can-
cers. Examples include imatinib, an intracellular tyrosine kinase (BCR-ABL) 
inhibitor, used to treat childhood Philadelphia positive acute lymphocytic leu-
kemia and chronic myeloid leukemia; and alisertib, an aurora A kinase 
 inhibitor used in high-risk (MYCN +) neuroblastoma.

39.4.6   Cancer Immunotherapies

Cancer immunotherapy is a novel and emerging anticancer therapy which uti-
lizes and enhances the natural capability of the patient’s immune system to 
eliminate malignant cells. They can be broadly classified into two categories: 
agents that amplify or modulate natural immune responses (e.g., checkpoint 
inhibitors) versus agents that are designed to induce new immune responses 
(e.g., monoclonal antibodies and chimeric antigen receptor (CAR) T-cell) 
(. Fig. 39.5 and . Table 39.8).

39.4.7   Checkpoint Inhibitors

Checkpoint inhibitors activate the patient’s own T-cells against cancer by 
inhibiting checkpoint proteins on the T-cell surface. Three commonly targeted 
proteins of checkpoint inhibitors are CTLA-4, PD-1, and PD-L1 (. Fig. 39.5).

CAR-T cell

T cell

Chimeric antigen
receptor

Anti PD-1 antibody Anti PD-L1 antibody

Anti CTLA-4 antibody
T cellPD-1

CTLA-4

Check point inhibition

Cancer cell

Bispecific antibody

CD3 receptor T cell

NK cell

CD16 - Fc receptor

Tumor antigen

Monoclonal antibody

PD-L1

       . Fig. 39.5 Common surface protein targets for cancer immunotherapy including checkpoint inhibitors, monoclonal antibody, bispecific 
antibody and CAR T-cells to treat childhood cancer
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Anti-CTLA-4 antibodies (ipilimumab): CTLA-4 suppresses cytotoxic T-cell 
and helper T-cell activity by attaching to CD28 and B7 surface receptors, 
respectively. Thus, CTLA-4 blocking antibodies increase the activity of cyto-
toxic T-cells and helper T-cells, thereby activating suppressed T-cells, which 
can recognize and fight cancer cells.

PD-1 and PD-L1: Programmed cell death protein-1 is naturally found in 
activated T-cells that migrate to the tissue. The main purpose of these proteins 

       . Table 39.8 Immunotherapies used for childhood malignancies

Agent Used for Side effects

Host immune amplifying 
or modulating agents

Checkpoint inhibitors

  Anti-CTLA- 4 
antibodies

   Ipilimumab

Refractory 
childhood solid 
tumors
Melanoma
Small cell lung 
cancers

Systemic inflammatory reactions
Protracted diarrhea
Hepatitis
Rashes

  PD-1 and PD-L1 
antibodies

   Nivolumab
   Pembrolizumab
   Atezolizumab

Refractory 
childhood solid 
tumors

Systemic inflammatory response
Immune-mediated multiorgan 
dysfunction endocrinopathies
Cytokine release syndrome
Encephalitis
Myasthenia gravis

New immune response to 
target cancer proteins

Monoclonal antibodies
  Dinutuximab (anti-GD2 

ganglioside)

Neuroblastoma Anaphylaxis, sensory-motor 
neuropathy, capillary leak syndrome, 
rashes, electrolyte imbalance

  Rituximab (anti-CD20 
anti-B-cell antibodies)

NHL Anaphylaxis, immunosuppression, 
cytokine release syndrome, atypical 
infections, reactivation of  dormant 
infections, progressive multifocal 
leukoencephalopathy

  Alemtuzimab 
(anti-CD52 anti-mature 
B-cell antibodies)

CLL
Conditioning for 
HCT

Anaphylaxis, serum sickness, bone 
marrow suppression, hepatitis, 
cytokine release syndrome, 
opportunistic infections

Bispecific monoclonal 
antibodies
  Blinatumomab, 

(anti-CD3/anti-CD19 
bispecific monoclonal 
antibodies)

Refractory
B-cell ALL

Anaphylaxis, serum sickness, bone 
marrow suppression, hepatitis, 
cytokine release syndrome, 
opportunistic infections

Autologous chimeric 
antigen receptor (CAR) 
T-cell therapy
  Tisagenlecleucel

Refractory PreB 
cell ALL

Cytokine release syndrome, CAR 
T-cell related encephalopathy 
syndrome (CRES) and secondary 
HLH, anaphylaxis, serum sickness
Anti-IL-6 antibody and 
corticosteroids are often used to 
mitigate the cytokine storm

NHL non-Hodgkin lymphoma, CLL chronic lymphoid leukemia, HCT hematopoietic cell 
transplant, ALL acute lymphoid leukemia, HLH hemophagocytic lymphohistiocytosis
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is to limit the duration of T-cell activation and to prevent autoimmune disor-
ders. Commonly used PD-1 and PD-Ligand-1 antibodies include nivolumab, 
pembrolizumab, and atezolizumab.

Unwanted side effects of checkpoint inhibitors are an increase in severe 
inflammatory reactions including protracted diarrhea, rashes, and hepatitis. 
Also, treatment response is highly variable related to the heterogeneity in the 
patient’s immune response to cancer cells, suppression of T-cells by several 
other checkpoint proteins, and the inability to overcome physical and/or chem-
ical barriers surrounding the cancer cells. Additional agents are often needed 
to overcome partial resistance to checkpoint inhibitors.

39.4.8   Antibody Therapy

39.4.8.1   Monoclonal Antibodies
Monoclonal antibodies are designed to bind to a specific surface antigen on 
tumor cells. They induce antibody-dependent cellular cytotoxicity (ADCC) via 
Fc-receptor mediated activation of NK-cells and macrophages (. Fig. 39.5). 
In childhood cancer, the first immunotherapy to definitively demonstrate clini-
cal benefit was dinutuximab, targeting GD2, a ganglioside overexpressed in 
neuroblastoma. Adjuvant dinutuximab administered as a part of multimodal-
ity regimen including cytotoxic chemotherapy, radiation, and autologous stem 
cell transplant is now the standard therapy for patients with high-risk neuro-
blastoma. Rituximab is an anti-B-cell antibody (anti-CD20) now commonly 
used in the treatment of non-Hodgkin lymphoma. Alemtuzumab is an anti-
body directed against mature B-cells (anti-CD52) that is used for chronic 
 lymphocytic leukemia and as a preconditioning regimen for HCT.

39.4.8.2   Bispecific Monoclonal Antibodies
Bispecific monoclonal antibodies can simultaneously bind to a specific tumor 
antigen and activate T-cells in close proximity by connecting to CD3 on the 
T-cell surface, which results in T-cell directed anticancer activity (. Fig. 39.5). 
Blinatumomab, an anti-CD3/anti-CD19 bispecific monoclonal antibody, medi-
ates significant anticancer effects in CD19-expressing B-cell acute lymphoblas-
tic leukemia (B-ALL).

Common adverse effects of antibody therapy include allergic reactions, 
serum sickness, anaphylactic shock, cytopenia, hepatitis, cytokine release syn-
drome, and increased risk of opportunistic infections due to immunosuppres-
sion.

39.4.9   Adoptive Therapy

39.4.9.1   Autologous Chimeric Antigen Receptor (CAR) T-Cell 
Therapy

In 2017, the US Food and Drug Administration approved the first CAR T-cell 
therapy, tisagenlecleucel, to treat children and young adults with relapsed and/or 
refractory acute lymphoblastic leukemia (ALL). The emerging data suggest 
overall remission rates as high as 90% for refractory or relapsed precursor B-cell 
ALL disease, which had historically very poor cure rates (15–20%). The success 
of CAR T-cell therapy signifies an important milestone and a paradigm shift in 
the management of childhood cancers. Recently, the Pediatric Acute Lung 
Injury and Sepsis Investigators (PALISI) Network, Hematopoietic Cell 
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Transplantation (HCT)  – Cancer Immunotherapy Subgroup and the MD 
Anderson Cancer Center CAR T-Cell Therapy – Associated Toxicity (CARTOX) 
Program have collaborated to provide comprehensive consensus guidelines on 
the care of children receiving CAR T-cell therapy. This is an excellent resource 
for those interested in a more thorough review on CAR T-cell therapy. The fol-
lowing section provides a brief overview of CAR T-cell therapy.

CAR T-cell therapy involves genetic modification of T-cells to express a 
chimeric antigen receptor specific to a cancer cell antigen. CAR T-cells can be 
collected either from the patient or by an allogeneic donor. The isolated T-cells 
are modified via viral transduction or nonviral gene transfer techniques (i.e., 
DNA-based transposons, CRISPR/Cas9 technology, or direct transfer of 
in vitro transcribed mRNA by electroporation) to express a specific CAR. CARs 
are fusion proteins consisting of an extracellular antigen recognition domain, 
a selected single-chain variable fragment (scFv) from a specific monoclonal 
antibody, linked to an intracellular signaling domain and one or more co- 
stimulatory domains (. Fig. 39.5). The extracellular domain helps in recogni-
tion of a specific tumor cell surface antigen (i.e., CD-19) without needing HLA 
presentation of tumor antigen. The intracellular domains signal T-cell prolif-
eration, cytokine release, and cytolysis to eliminate tumor cells.

CAR T-cell therapy can lead to serious and unique life-threatening adverse 
effects including cytokine release syndrome (CRS), CAR T-cell related enceph-
alopathy syndrome (CRES), and secondary HLH. Although the pathophysiol-
ogy of these toxicities is poorly understood, macrophage derived IL-1, IL-6, 
and nitric oxide have recently been implicated.

39.4.9.2   Cytokine Release Syndrome (CRS)
A rapid and excessive release of cytokines leads to a severe systemic inflamma-
tory response. The manifestations vary from isolated fever to shock and multi-
organ failure. About two-thirds of patients receiving CAR T-cell therapy 
develop CRS.  The patients with high disease burden, early onset of CRS 
(within 3  days), and preexisting co-morbidities are more likely to develop 
severe CRS. The severity of CRS can be graded based on the detailed pediatric 
specific consensus statement published in Nature Reviews (Mahadeo 2019).

The treatment of CRS primarily consists of symptomatic management of 
organ dysfunction, fluid resuscitation and vasopressors to treat shock, respira-
tory support ranging from supplemental oxygen to mechanical ventilation 
based on the degree of respiratory failure, evaluation of infections and empiric 
antimicrobials, and renal replacement therapy as indicated. Anti-IL-6 antibod-
ies and corticosteroids are often used to counteract cytokine storm. As per the 
consensus statement, the early use of anti-IL-6 antibodies (e.g., tocilizumab) in 
patients with persistent or refractory fever and grade 1 CRS or higher is recom-
mended. The use of dexamethasone and low dose methylprednisolone is 
 recommended in patients with grade >/= 3 CRS, and high dose methylpred-
nisolone is indicated in patients with grade 4 CRS, if  low dose corticosteroids 
does not lead to clinical improvement.

39.4.9.3   CAR T-Cell Related Encephalopathy Syndrome (CRES) 
or Immune Effector Cell Asscociated Neurotoxicity 
Syndrome (ICANS)

CRES or ICANS commonly presents as delirium, seizures, elevated intracra-
nial pressure (ICP), cerebral edema, and/or toxic encephalopathy. CRES can 
either occur early on, simultaneously with CRS, or later without associated 
CRS.  Treatment is mainly symptomatic including seizure prophylaxis with 
medications such as levetiracetam, management of status epilepticus using 

Cytokine release syndrome (CRS) 
is the result of  a rapid and excessive 
release of  cytokines leading to 
a severe systemic inflammatory 
response. The patients with high 
disease burden, early onset of  CRS 
(within 3 days), and preexisting 
co-morbidities are more likely to 
develop severe CRS.

 A. Saini and S. Karmarkar



1201 39

continuous electroencephalogram monitoring, advanced ICP monitoring and 
control by using hyperosmolar therapy and sedation, and dexamethasone and 
anti-IL-6 antibodies for those with evidence of cerebral edema and severe neu-
rological manifestations.

39.4.9.4   Radiation Therapy
Radiation therapy remains an important component of many anticancer ther-
apies. Up to 30–40% of children receive some form of radiation therapy. The 
primary mechanism of radiation therapy is to inhibit the multiplication of 
dividing cells. The ionizing radiation deposits physical energy to cells, which 
either causes cell death or disrupts the DNA. However, ionizing radiation dam-
ages both normal cells and cancer cells. The biological effectiveness (cell kill-
ing) of radiation depends on the linear energy transfer, the total dose, the 
fractionation rate, and the radio-sensitivity of the targeted cells or tissues. 
Radiation therapy can be delivered by external beam of high-energy rays or by 
a radioactive catheter placed inside the body (brachytherapy). Types of radia-
tion include photons (X-rays or gamma rays) and particles (electron, proton, 
and neutron).

Common external radiation therapy machines include the linear accelera-
tor, the CyberKnife, and the Gamma knife. It is important to focus the radia-
tion dose on abnormal cancer cells with all attempts made to minimize the 
exposure to normal cells, which are adjacent to cancer cells or in the path of 
radiation. There are many different techniques with varying precision used to 
give external radiation therapy:
 1. Standard external radiation therapy implies the use of a linear accelerator. 

It is often used to provide a low dose of frequent radiation to the affected 
body part.

 2. Three dimensional (3-D) conformal radiation therapy and 3-D intensity 
modulation therapy use CT or MRI measurements to obtain the exact 
location and shape of the tumor mass to provide high dose radiation to 
the tumor mass.

 3. Volumetric-modulation arc therapy can provide a 360° rotational 
radiation beam to the tumor mass.

 4. Stereotactic radiosurgery delivers very precise high dose radiation to the 
tumor mass in a single session. It is a common technique applied for brain 
or spinal cord tumors.

 5. Whole brain radiation therapy gives radiation to the entire brain.
 6. Total body radiation gives radiation to the entire body.

Adverse effects of radiation therapy depend on the intensity of the radiation, 
the duration of the therapy, and the body parts involved. General adverse effects 
are fatigue, anemia, radiation dermatitis, alopecia, cytopenia, and loss of appe-
tite. Radiation to brain tissue can cause seizures, cerebral edema, hypopituita-
rism, cranial nerve palsies, and radiation encephalopathy. Radiation to the chest 
can cause radiation pneumonitis, dysrhythmia, pericarditis, and restrictive car-
diomyopathy. Radiation pneumonitis traditionally occurs 4–12 weeks after the 
radiation therapy. Thus, it is important for the pediatric intensive care provider 
to specifically solicit a history of this treatment in oncology patients admitted to 
the PICU with respiratory failure as the admission will likely not be temporally 
associated with the radiation therapy. Radiation to the abdomen can cause 
radiation enteritis, intestinal perforation, and pancreatitis.

Adverse effects of  radiation 
therapy depend on the intensity 
of  the radiation, the duration of 
the therapy, and the body parts 
involved.

Radiation pneumonitis traditionally 
occurs 4–12 weeks after the 
radiation therapy. Thus, it is 
important for the pediatric intensive 
care provider to specifically solicit 
a history of  this treatment as the 
PICU admission for this condition 
will likely not be temporally 
associated with the radiation 
therapy, and the lung disease may 
be inappropriately attributed to 
another etiology.
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39.5   Summary

Children with oncological diseases are among the most vulnerable patients in 
the PICU. These patients have significant morbidity and mortality. The man-
agement of these children requires collaborative involvement of many pediat-
ric subspecialities. These patients can present with various critical illnesses 
ranging from single organ to multiple organ system failure. Their critical illness 
may be specifically related to their cancer and/or its treatment (e.g., tumor lysis 
syndrome, hyperleukocytosis, and mediastinal mass) or represent a common 
critical illness occurring in an at-risk child (e.g., sepsis and pneumonia). 
Common underlying etiologies include oncological emergencies related to the 
underlying cancer, toxicities, and adverse effects of anticancer therapies, pro-
longed immunosuppression, sepsis, hyperinflammatory disorders, and compli-
cations of HCT (7 Chap. 40).

 ? Review Questions
 1. Which of the following metabolic derangements are most commonly asso-

ciated with tumor lysis syndrome?
 A. Hypercalcemia, hyperkalemia, hyperphosphatemia, hyperuricemia
 B. Hypocalcemia, hyperkalemia, hyperphosphatemia, hyperuricemia
 C. Hypocalcemia, hyperkalemia, hyperphosphatemia, hypouricemia
 D. Hypocalcemia, hyperkalemia, hypophosphatemia, hyperuricemia
 E. Hypocalcemia, hypokalemia, hyperphosphatemia, hyperuricemia

 2. Which of the following statements most accurately describes the effect of 
rasburicase?
 A. It is a prostaglandin analog that increases renal blood flow and thereby 

enhances uric acid elimination.
 B. It is a recombinant form of urate oxidase that catalyzes the conversion 

of uric acid to allantoin.
 C. It is a recombinant form of xanthine oxidase, the enzyme that aug-

ments the conversion of purine nucleic acids into hypoxanthine.
 D. It is a structural analog of hypoxanthine and functions as a competi-

tive inhibitor of the enzyme xanthine oxidase.
 E. It is a structural analog of xanthine and functions as a competitive 

inhibitor of the enzyme urate oxidase.

 3. Which of the following is true regarding mediastinal masses in children?
 A. A brief  course of steroids should be started with any radiographic evi-

dence of a mediastinal mass to decrease airway edema and minimize 
the likelihood of airway obstruction.

 B. Although data abstracted from the history, physical exam, and radio-
graphic studies may identify patients at increased risk, sedation and 
anesthesia must be used with great caution in any patient with a medi-
astinal mass.

 C. Rapid sequence intubation with deep sedation and neuromuscular 
blockade is the preferred approach for intubation of the child with a 
symptomatic mediastinal mass.

 D. The masses that are most commonly associated with airway obstruc-
tion and vascular compression are neural tumors arising in the poste-
rior mediastinum.

 E. There are no clinical or radiologic findings to assist in identifying 
patients at increased risk of airway compromise.
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 4. Which of the following tumors is most likely to arise from the anteriosupe-
rior or middle mediastinum and result in significant cardiopulmonary 
compromise?
 A. Lymphoma
 B. Myxoma
 C. Neuroblastoma
 D. Rhabdomyosarcoma
 E. Teratoma

 5. Which of the following is NOT a risk factor for acute cardiac complica-
tions in childhood cancer patients?
 A. Cyclophosphamide
 B. Exposure to mantel radiation
 C. Female gender
 D. Iron overload
 E. Methotrexate

 6. Which of the following is a risk factor for posterior reversible encepha-
lopathy syndrome (PRES)?
 A. Cyclosporine A
 B. Hypotension
 C. Maintenance phase of chemotherapy
 D. Older age
 E. Solid tumor

 7. A 7 year old child undergoing treatment for acute lymphocytic leukemia 
presents with temperature of 39.8°, heart rate 172 bpm, respiratory rate 
28  bpm, and blood pressure 78/55  mmHg. He is lethargic and has cool 
extremities with weak peripheral pulses and a 5 second capillary refill time. 
He has an absolute neutrophil count of 150 cells/μL. Which of the follow-
ing is the most appropriate antimicrobial therapy?
 A. Cefepime and clindamycin
 B. Cefepime, gentamicin, and vancomycin
 C. Cefepime, vancomycin, and fluconazole
 D. Meropenem and clindamycin
 E. Meropenem and vancomycin

 8. A 16  year old male undergoing active treatment for acute myelogenous 
leukemia presents with persistent relapsing fever, orbital headache, blurry 
vision and an increase in platelet transfusion requirement. Which of the 
following is the most likely infection causing the patient symptoms?
 A. Bacillus cereus
 B. Candida albicans
 C. Pseudomonas aeruginosa
 D. Salmonella typhimurium
 E. Staphylococcus aureus

 9. A 13  year old male undergoing active treatment for acute myelogenous 
leukemia has developed progressive dyspnea with fever and hemoptysis. 
Computerized tomography of the chest demonstrates a characteristic 
“halo sign” and bronchoalveolar lavage confirms the diagnosis of 
Aspergillosis. Which of the following is most appropriate initial antifungal 
management?
 A. Amphotericin B
 B. Caspofungin
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 C. Fluconazole
 D. Flucytosine
 E. Voriconazole

 10. Cytokine release syndrome (CRS) has been associated with directed CAR 
T-cell therapy recently approved to treat relapsed and/or refractory precur-
sor B-cell acute lymphoblastic leukemia. Which of the following agents is 
used in the management of mild to moderate CRS?
 A. Anti-CD20 antibody (rituximab)
 B. Anti-IL-6 antibody (tocilizumab)
 C. Anti-C5 antibody (eculizumab)
 D. Cyclosporine A
 E. Methylprednisolone

 11. Which of the following is NOT included in the Histiocytosis Society diag-
nostic criteria for hemophagocytic lymphohistiocytosis (HLH)?
 A. Albumin concentration < 3.0 mg/dL
 B. Fibrinogen concentration < 1.5 g/L
 C. Ferritin concentration ≥ 500 μg/L
 D. Hemoglobin concentration < 9.0 g/dL
 E. Splenomegaly

 v Answers
 1. B
 2. B
 3. B
 4. A
 5. E
 6. A
 7. B
 8. B
 9. E
 10. B
 11. A
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