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Preface

Many of the gains in overall survival in pediatric oncology over the past 50 years
have come about through the utilization of combination chemotherapy, pioneered
by the work done at the National Institutes of Health by Freireich and Frei and St.
Jude Children’s Hospital by Pinkel in children with acute lymphoblastic leuke-
mia (ALL) (Pearson 2002). The ALL model was subsequently expanded to the
management of other pediatric malignancies through the utilization of a multi-
modal approach including chemotherapy, radiation therapy and surgery (Pearson
2002). Due to smaller numbers as compared to the adult cohort, advances in
therapy required the utilization of cooperative group studies to develop common
therapeutic protocols and secondarily assess therapy effectiveness and toxicities.
The modern advancement of these early initiatives has been the utilization of
hematopoietic stem cell transplantation (HSCT) in certain pediatric malignan-
cies which are refractory or recurrent where HSCT has been shown beneficial.

Underlying the gains in survival through the progression of therapy inten-
siveness has been the supportive care of pediatric patients with malignancies.
Many of the early pioneers found that children were able to handle intensive
therapies but needed the appropriate environment as well as supportive care
measures to prevent infection and treat complications of therapy such as throm-
bocytopenia (with subsequent bleeding), tumor lysis syndrome (with metabolic
complications) and infection. Again taking the ALL model, the newest drugs to
be commonly utilized were developed in the mid-1980s, stressing that the
improvement in cure has come about through changing the timing and intensity
of known drugs as well as through improvements in supportive care. For ALL,
decrease in both relapse/disease progression and treatment-related death prior
to relapse/disease progression have significantly contributed to the gains in
overall survival (Gaynon et al. 2010; Hunger et al. 2012).

Supportive care refers to the standard of care to support a child or adoles-
cent during the active treatment process. The art and science of anticipating,
preventing and managing treatment-related complications and toxicities vary
considerably by individual experience and institutional practice. The editors
have chosen the topics in this book to represent some of the most common and
significant challenges impacting the success of treatment for our patients, rec-
ognizing many more areas are in need of future consideration. We have asked
the authors to provide an evidence-based approach utilizing a standard grading
system (Table 1) in management of common complications and toxicities as
well as reporting practice based on consensus guidelines and institutional
experience when validated data are lacking (Guyatt et al. 2006). The chapters
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herein provide tools for recognition, assessment, and effective management of
commonly encountered emergencies and treatment complications for pediat-
ric oncology patients.

The editors would like to acknowledge the contribution of the authors, our
colleagues at Children’s Hospital and Research Center Oakland and the edi-
torial staff at Springer-Verlag in preparation of this book as well as the numer-
ous patients and families that we have had the privilege of joining on their
unique cancer journeys. We have invited leading experts in the field and
encouraged them to mentor young investigators to contribute to this book.

Oakland, CA, USA James H. Feusner
Caroline A. Hastings
Anurag K. Agrawal
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Abstract

J. Feusner et al. (eds.), Supportive Care in Pediatric Oncology:

A Practical Evidence-Based Approach, Pediatric Oncology,

Febrile neutropenia (FN) is a common, poten-
tially life-threatening complication in pediatric
oncology patients due to deficiencies in both
innate and adaptive immunity usually second-
ary to treatment of the underlying malignancy.
Although a majority of oncology patients expe-
rience FN, large randomized controlled trials to
determine appropriate management strategies
in pediatric FN are lacking and much of the
decision-making process is based on extrapola-
tion of adult guidelines, consensus pediatric
guidelines, and institutional protocols. Here we
review the relevant literature focusing on avail-
able models for risk stratification, appropriate
diagnostic evaluations, applicable empiric ther-
apies as well as proper location, timing, and
duration of such therapies.

DOI 10.1007/978-3-662-44317-0_1, © Springer Berlin Heidelberg 2015
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1.1 Introduction

Febrile neutropenia (FN) is a life-threatening
complication of cancer therapy. FN is a medical
emergency that requires thorough patient evalu-
ation and prompt initiation of broad-spectrum
empiric antibiotics. Fever is defined as a single
oral temperature >38.3 °C (101.0 °F) or an oral
temperature >38.0 °C (100.4 °F) that is sus-
tained for >1 h (Freifeld et al. 2011). Recent
consumption of hot or cold beverages should
not be a factor if these thresholds are met.
Temperatures taken via alternate routes includ-
ing axillary, otic, and temporal should be dis-
couraged but all are considered real if fever is
documented by these modes. Families should be
advised against rectal temperatures due to the
potential underlying neutropenia. Clinically sig-
nificant neutropenia in the context of FN is an
absolute neutrophil count (ANC) <0.5 x 10°/L or
ANC <1.0x 10°/L that is expected to decrease to
<0.5x 10°/L over the subsequent 48 h. Profound
neutropenia is defined as ANC <0.1x10%L,
while prolonged neutropenia is defined as neu-
tropenia lasting >7 days (Freifeld et al. 2011).
Neutropenia decreases the patient’s ability to
resolve infection in the background of antican-
cer treatment, which may alter both innate (nat-
ural protection barriers such as the skin and
mucous membranes) and adaptive (pathogen
specific B and T cell) immunity, predisposing
the child to common pathogens as well as
opportunistic infections (Lehrnbecher et al.
1997).

Despite thorough investigation, pathogens
are identified in only approximately 15-30 %
of FN episodes (Rackoff et al. 1996; Baorto
et al. 2001; Duncan et al. 2007; Bakhshi et al.
2008; Stabell et al. 2008; Wicki et al. 2008;
Meckler and Lindemulder 2009). Bacteremia
is the most common cause of microbiologi-
cally documented infection in pediatric oncol-
ogy patients with FN, particularly in patients
who have received intensive therapy for hema-
tologic malignancies (Castagnola et al. 2007).
Gram-positive bacteria like coagulase-negative
Staphylococci are the most common isolates

(Zinner 1999; Duncan et al. 2007). However,
Gram-negative bacteria are also common, par-
ticularly in patients with significant mucositis,
and are associated with higher mortality (Aledo
et al. 1998). Fungi are isolated less frequently
and occur most often in patients with prolonged
and profound neutropenia (Freifeld et al. 2011).
Although a majority of oncology patients expe-
rience FN, large randomized controlled trials to
determine appropriate management strategies
in pediatric FN are lacking and much of the
decision-making process is based on extrapo-
lation of adult guidelines, consensus pediatric
guidelines, and institutional protocols. Here we
review the relevant literature focusing on avail-
able models for risk stratification, appropri-
ate diagnostic evaluations, applicable empiric
therapies as well as proper location, timing,
and duration of such therapies. A grading of
evidence-based recommendations is presented
in Table 1.1.

1.2  History and Physical

Examination

Critical assessment of the child with FN begins
by obtaining a complete medical history and
performing a thorough physical examination.
This initial assessment will direct initial risk
stratification and subsequent diagnostic evalu-
ations (Table 1.2). It is important to inquire
about the characteristics and height of the fever
as temperature >39.0 °C has been noted as an
independent risk factor for serious bacterial
infection, and children (mainly inpatient) with
a median fever of 39.4 °C have been reported
to be at significantly increased risk of viridans
streptococcal shock syndrome with underly-
ing viridans strep bacteremia (Klaassen et al.
2000; Gassas et al. 2004). Fever may be the
only sign of infection given the blunted inflam-
matory response associated with neutropenia.
One must inquire about the presence of rig-
ors or chills with central line flushing, recent
therapy (potential for prolonged neutrope-
nia), current medications (including antibiotic
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Table 1.1 Graded recommendations for management of pediatric febrile neutropenia

Clinical scenario
Risk stratification

Baseline laboratory
recommendations

Utilization of DTP
at FN presentation

Baseline imaging
Antibiotic management
at FN presentation in the
clinically stable patient

Location of FN
management

Management of low-risk
patients

Management of high-risk
patients

FN >5 days

EN >5 days in high-risk
patients

Recommendation

Must be individualized at local institutions due to lack

of evidence to support the needs of each individual

treatment area

CBC/diff to assess level of neutropenia and monocytopenia in
addition to other cytopenias; CMP for potential drug interactions;
CVC culture or peripheral culture if no CVC; viral studies if
symptomatic and appropriate season

Peripheral blood cultures in addition to CVC cultures can be done
at the discretion of individual institutions but may not impact
management

Not recommended except CXR if with respiratory symptoms
Monotherapy with piperacillin/tazobactam, cefepime, or
carbapenem; based on institutional preference, initial dual therapy
with an antipseudomonal cephalosporin plus aminoglycoside
(e.g., ceftazidime + tobramycin) can also be considered;
aminoglycosides may be preferably administered once daily;
initial antibiotic therapy should not include vancomycin unless
there is concern for a Gram-positive infection due to such findings
as sepsis, severe mucositis, skin infection, pneumonia or recent
high-dose cytarabine administration

All patients should initially be managed as inpatients;

if early discharge is considered, a multidisciplinary approach

to determine appropriate risk stratification and outpatient
therapy is required with IRB approval of such a prospective
study to ensure safety and efficacy; patients identified as low risk
may be discharged after 48 h per protocol if stable and without
microbiologic-documented infection

Empiric antibiotic therapy may be discontinued after 48 h if

the patient is afebrile >24 h with signs of bone marrow recovery;
patients may also be discharged after 72 h if afebrile >24 h even
without signs of bone marrow recovery if close follow-up is
ensured based on institutional preference

Antibiotic therapy should be continued until resolution of FN
episode

Empiric CT of the chest+sinuses can be considered to rule out
occult fungal infection; serial galactomannan can be considered
Empiric antifungal therapy can be considered; appropriate
empiric antifungal agent is unclear and must be chosen based

on institutional preference; preemptive management may

also be considered on a local basis as there is unclear evidence
that prophylaxis prevents IFI

Level of evidence®
2C

2C

1B
1A

1B

1B

1A

1C

CBC complete blood count, CMP complete metabolic panel, CVC central venous catheter, DTP differential time to
positivity, FN febrile neutropenia, CXR chest radiography, /RB institutional review board, CT computed tomography,

IFI invasive fungal infection
aPer Guyatt et al. (2006); see Preface

prophylaxis), and possible infectious exposures
at home and school as well as recent travel
(Orudjev and Lange 2002). Additional history
should focus on community outbreaks of spe-

cific pathogens (i.e., respiratory viruses), prior
history of fevers and documented infections,
and pathogen colonization (e.g., methicillin-

resistant  Staphylococcus aureus [MRSA],
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Table 1.2 Diagnostic evaluation based upon organ system involvement and physical findings

Organ system Physical findings
Mucositis

Thrush

Oral lesions
Pre-septal/orbital cellulitis
Facial pain

Rhinorrhea

Otorrhea

Head, ears, nose,
and throat

Respiratory Cough/respiratory distress
Hypoxemia

Chest radiograph infiltrates

Vascular access Exit site/tunnel erythema or discharge

sites
Gastrointestinal Diarrhea
Perirectal pain
Abdominal pain
Skin Rash
Cellulitis
Musculoskeletal ~ Arthritis

Limp/point tenderness
Lower back pain

Central nervous
system

Change in mental status
Headache

Diagnostic evaluation based upon physical finding(s)
HSYV, VZV, Enterovirus/Parechovirus PCR/DFA/viral
culture (PCR preferred)

Biopsy unusual oral lesions (histology and
microbiology)

CT scan of the sinuses, orbits, temporal bones (obtain
sample)

Sinus drainage sample if able to perform and send for
bacterial, fungal, and viral culture

Nasopharyngeal secretions for respiratory viral
culture/antigen panel and PCR

CT chest

Legionella urine antigen

PCP evaluation: BAL, (1,3)-p-p-glucan, LDH
Sputum culture if able to perform

Aspergillus galactomannan, (1,3)-p-bD-glucan
Histoplasma urine and serum antigen

Blood culture from all ports (consider bacteria, fungus,
mycobacteria)

Gram stain and culture (bacteria, fungal) exit site
discharge

C. difficile PCR

Viral stool culture/PCR (adenovirus, norovirus, etc.)
SSYC and/or O&P if exposure by history

Ultrasound or CT abdomen/pelvis

Liver function test, amylase, lipase

DFA/PCR/viral culture of vesicular lesion
Dermatology evaluation and biopsy of cellulitis

or undiagnosed rash/lesion and send for culture
(bacterial, fungal, and atypical mycobacteria)
Arthrocentesis: fluid for cell count and differential,
cultures for bacteria, fungus, and mycobacteria
CT/MRI extremity or site

Urine culture (bacteria, fungal, consider adenovirus,
BK, CMV PCR)

CT/MRI brain (consider MRA/V)

Lumbar puncture: cell count, bacterial and fungal stain
and culture, viral PCR (consider CMV, EBYV,
Enterovirus, HHV-6, HSV, VZV)

HSV herpes simplex virus, VZV varicella zoster virus, DFA direct fluorescence antibody, CT computed tomography,
PCR polymerase chain reaction, PCP Pneumocystis jiroveci (carinii) pneumonia, BAL bronchoalveolar lavage, LDH
lactate dehydrogenase, SSYC Salmonella, Shigella, Yersinia, Campylobacter, O&P ova and parasites, MRI magnetic
resonance imaging, CMV cytomegalovirus, MRA/V magnetic resonance arterio/venogram, EBV Epstein-Barr virus,

HHYV-6 human herpesvirus-6

vancomycin-resistant Enterococcus [VRE]).
A comprehensive review of each organ system
is important to determine possible etiologies of
the fever. The physical exam should be thor-
ough and not focus only on common sites of
infection unique to the febrile neutropenic child
(i.e., oral and perirectal mucosa, central venous

access sites), but rather on all sites of common
childhood infection such as the ears, throat, and
skin (Auletta et al. 1999). Information obtained
from the review of systems and physical find-
ings will direct laboratory and ancillary evalua-
tions and influence the choice of antimicrobial
therapy.
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1.3  Defining the Risk for Serious

Infection

Risk stratification for serious infection incorpo-
rates the following variables: presenting clinical
signs and symptoms, underlying cancer diag-
nosis and remission status, type of antitumor
therapy received, and medical comorbidities
(Orudjev and Lange 2002; Paganini et al. 2007;
Freifeld et al. 2011). Sepsis signs and symp-
toms, presence of a central venous access device
(CVAD), mucositis, infant acute lymphoblastic
leukemia (ALL), acute myelogenous leukemia
(AML), induction or intensification chemo-
therapy, and leukemia in relapse have all been
shown to increase infection-related morbidity
and mortality in pediatric patients and should be
regarded as high-risk features at initial FN pre-
sentation (Orudjev and Lange 2002; Wicki et al.
2008; Badiei et al. 2011). Social factors including
history of noncompliance and distance >1 h from
clinical facility must be considered high-risk
conditions (Orudjev and Lange 2002; Paganini
et al. 2007). Paganini et al. (2007) showed that
advanced disease stage, bacteremia, and associ-
ated comorbities including persistent bleeding,
refractory hypoglycemia, hypotension, altered
mental status, renal insufficiency and hepatic
dysfunction were independent risk factors for
mortality.

The Multinational Association for Supportive
Care in Cancer (MASCC) risk index has been
prospectively validated in adults allowing for
potential outpatient management of low-risk
patients (Klastersky et al. 2000; Uys et al. 2004).
Multiple risk prediction models for pediatric
oncology patients have been presented in the lit-
erature and are reviewed by Orudjev and Lange
(2002), Hiértel et al. (2007), Phillips et al.
(2010), and Lehrnbecher et al. (2012). No one
system has been found superior, none have
undergone rigorous prospective validation to
ensure patient safety across populations, and no
prospectively validated stratification for high-
risk patients has been identified (Hirtel et al.
2007; te Poele et al. 2009; Phillips et al. 2010;

Lehrnbecher et al. 2012). With the lack of sig-
nificant randomized prospective data, Hértel
et al. (2007) strongly recommend against outpa-
tient management of FN in pediatric patients
outside of clinical trials. In the recent pediatric
FN expert consensus guidelines, Lehrnbecher
et al. (2012) recommend the use of local popu-
lation-based stratification systems with careful
prospective and continuous evaluation to ensure
safety and efficacy.

In particular risk stratification schemata,
initial laboratory values such as platelet count
<50x10°/L and C-reactive protein (CRP)
>90 mg/L have been noted to increase risk,
while absolute monocytosis >0.1-0.155x 10°/L
(depending on study) has tempered risk (Rackoff
et al. 1996; Baorto et al. 2001; Santolaya et al.
2002; Ammann et al. 2010). Multiple labora-
tory assessments including CRP, procalcitonin,
IL-6, and IL-8 have all been studied in pediatric
and adult oncology patients to potentially define
high-risk patients but none has been uniformly
shown as an effective marker (Santolaya et al.
1994; Lehrnbecher et al. 1999; Uys et al. 2007;
Semeraro et al. 2010; Phillips et al. 2012). These
studies have been recently reviewed by Phillips
et al. (2012).

1.4  Diagnostic Evaluation

1.4.1 Initial Laboratory Evaluation

The diagnostic evaluation for the pediatric patient
with FN should be guided by clinical history and
physical findings to optimize detecting an etiol-
ogy for the fever. Initial work-up includes a com-
plete blood cell count (CBC), a comprehensive
metabolic panel, and blood cultures from each
port of a central catheter. The CBC will demon-
strate the degree of neutropenia and monocytope-
nia, and the metabolic panel will evaluate renal
and hepatic function, which could be affected by
previous chemotherapeutic agents and may influ-
ence antimicrobial selection and dosing. For
example, if the patient’s creatinine is elevated,
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antimicrobials like aminoglycosides, vancomy-
cin or amphotericin B should be used with
caution and appropriate trough levels followed
(Fisher et al. 2010; Lahoti et al. 2010).

Peripheral blood cultures should be obtained
if cultures are not or are unable to be obtained
from the patient’s central venous access device.
Peripheral blood cultures in addition to cen-
tral line cultures are recommended in infec-
tion guidelines but remains controversial as
the yield for detection from peripheral cultures
is <15 % and the utility of differential time to
positivity (DTP) between central and peripheral
cultures in treatment decision-making is
unclear in FN (Gaur et al. 2003; Raad et al.
2004; Gaur et al. 2005; Mermel et al. 2009;
Scheinemann et al. 2010; Lehrnbecher et al.
2012; Rodriguez et al. 2012; Carraro et al. 2013).
To increase the blood culture yield, >1 mL of
blood should be added to the culture bottles for
children >1 month of age (Connell et al. 2007).
Repeating blood cultures in patients who are
persistently febrile has been shown useful in
identifying bacteremia in a subset with initial
negative cultures (Rosenblum et al. 2013). Most
contemporary blood culture vials support the
growth of Candida spp; however, other fungal
species may not grow, so sending fungal blood
cultures from all ports should be considered
with persistent fever (i.e., >5 days) (Hennequin
et al. 2002; Kosmin and Fekete 2008). If clini-
cally suspected, acid-fast bacteria (AFB) cul-
tures from the blood should also be sent to best
isolate mycobacterial species.

Urinary tract infection (UTI) in the
neutropenic patient may be subclinical given
that patients may have minimal symptoms
and pyuria may not be present in urinalysis
(Klaassen et al. 2011). A recent study utilizing
midstream urine samples reported UTI
frequency of 8.6 % in 45 children with 58 epi-
sodes of FN, with all patients being asymptom-
atic and the majority having normal urinalyses,
supporting the recommendation to obtain clean-
catch bacterial urine cultures at the time of ini-
tial FN presentation (Lehrnbecher et al. 2012;
Sandoval et al. 2012).

1.4.2 Radiographicimaging

1.4.2.1 Chest Radiography (CXR)

A supine CXR may identify pleural effusions,
allow for assessment of central line catheter
position and detect pulmonary congestion.
However CXR is less useful in identifying early
pneumonia (Heussel 2011). CXR has not been
found beneficial without the presence of respira-
tory symptoms and therefore should only be
obtained in the symptomatic patient (Feusner et al.
1988; Roberts et al. 2012).

1.4.2.2 Computed Tomography (CT)
Institutional practice may recommend CT of
the chest, abdomen and pelvis in neutrope-
nic patients with >5 days of persistent fever
although a recent pediatric study challenges this
practice (Agrawal et al. 2011). Specifically, for
52 children with 68 episodes of FN for whom
CT (sinuses, chest, abdomen and pelvis) was
performed at day five of fever, minimal changes
in clinical management occurred based upon
results from imaging. The authors conclude
that patients with prolonged FN (defined as
>4 consecutive days of fever), in which occult
fungal infections are being sought, should have
CT imaging limited to the chest (Agrawal et al.
2011). Other pediatric studies have similarly
found CT chest as well as sinuses to be most
useful in prolonged FN (Archibald et al. 2001).
CT of the sinuses can be performed in the con-
text of pulmonary symptoms to rule out invasive
fungal infections, as some patients with fungal
sinusitis can present with minimal symptoms.
Of note, patients with fungal sinusitis usually
have positive findings on chest CT, and endo-
scopic biopsy of the sinuses has the highest
yield for determining the microbiologic cause
(Ho et al. 2011).

High-resolution chest CT with thin sections
(1 cm slices) is the preferred imaging modality in
patients with neutropenia and pulmonary symp-
toms, given its ability to characterize lesions and
discriminate between infectious and noninfec-
tious etiologies (Heussel 2011). In addition, CT
imaging can be used for diagnostic purposes such
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as CT-guided biopsy of lung lesions for histo-
logic and microbiologic assessment. Importantly,
radiologic findings of common molds in children
may differ from those in adults. For example,
pulmonary nodules are common findings in
pediatric patients with Aspergillus, while the
halo and crescent signs occur less frequently
than in adult patients (Thomas et al. 2003;
Burgos et al. 2008). Therefore, consultation with
pediatric radiologists is critical when interpret-
ing these studies. Providing the radiologist with
information about the patient’s clinical presenta-
tion, level of neutropenia, and current support-
ive therapy including specific antimicrobial and
growth factor use increases the diagnostic utility
of CT (Heussel 2011).

1.4.2.3 Magnetic Resonance
Imaging (MRI)

MRI is advantageous over CT due to a lack of
radiation exposure although at a much higher
cost. MR1I is also more affected by motion related
to cardiorespiratory function increasing artifact
incidence especially in the chest. Furthermore,
given its increased imaging time, MRI usually
requires sedation for pediatric patients, decreas-
ing its convenience as a diagnostic tool. However,
MRI remains the imaging of choice for assessing
lesions in the liver, spleen, and central nervous
system (CNS) (brain and spine) (Sahani and
Kalva 2004; Luna et al. 2006).

1.4.2.4 Positron Emission

Tomography (PET)
PET is now used frequently alongside CT for the
diagnosis of cancer, but experience using PET/
CT for FN is limited. A recent study from
Australia compared diagnostic yields of PET/CT
and conventional imaging in 20 adult patients
with FN of >5 days duration (Guy et al. 2012).
By using conventional imaging, the authors
found 14 infections sites, 13 of which were also
confirmed by PET/CT; in addition, PET/CT iden-
tified 9 more sites of infection (8 of which were
subsequently confirmed as true infection), sug-
gesting that PET/CT may be useful in the study
of prolonged FN. However, more data are needed

to support the use of this modality as first-line
imaging in pediatrics given its inherent expense
and associated radiation exposure (Xu et al.
2010; Haroon et al. 2012).

1.4.3 Biomarkers for Invasive
Fungal Infection (IFI)

Early identification of infection in FN, especially
IFI, critically affects patient survival. Biomarkers
for IFI have proven useful in the adult population
as adjuncts to clinical findings and imaging.
Limited pediatric data suggest these biomarkers
may also be used in children with similar sensi-
tivities and specificities as defined in adults.

1.4.3.1 Aspergillus
Galactomannan (GMN)

GMN is a cell-wall component of growing
hyphae and can be detected by assay from the
serum, urine and bronchoalveolar (BAL) fluid
(Klont et al. 2004; Pfeiffer et al. 2006). The GMN
assay has been shown effective in adult populations
with hematologic malignancies and limited data
in children suggest utility in pediatric oncology
patients as well (Sulahian et al. 2001; Pfeiffer
et al. 2006; Steinbach et al. 2007; Castagnola
et al. 2010). A recent observational, prospective,
multicenter study found the specificity of urine
and serum GMN assays were 80 % and 95 %,
respectively. This study found that the false-
positive rate was lower than previously described
(Fisher et al. 2012).

The GMN assay must be interpreted with cau-
tion, particularly in the context of a single positive
value, and should be utilized in conjunction with
corroborative clinical and radiologic findings.
Serial repetition of the assay can be used as a sur-
veillance marker either for potential IFI or disease
response to antifungal therapy (Groll et al. 2014).
The GMN assay may have false-positive results in
patients receiving beta-lactam antimicrobials (espe-
cially piperacillin/tazobactam), although recent
studies suggest the false-positive rate may not be as
high as previously published (Zandijk et al. 2008;
Metan et al. 2010; Mikulska et al. 2012).
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1.4.3.2 (1,3)-p-p-glucan (BDG)
Serum BDG, an important cell-wall component
of most fungi including Pneumocystis jiroveci
(former carinii), has been measured in adult
patients with IFI and hematologic malignancies
(Marty and Koo 2009). Like GMN, studies using
serum BDG in the pediatric population are lim-
ited. In fact, few studies performed to date even
establish a normal value for children, which may
be higher than the 60 pg/mL cutoff used in adult
patients (Smith et al. 2007; Mularoni et al. 2010).
In immunocompromised adult patients, serum
BDG levels exceeding 500 pg/mL have been used
to diagnose P. jiroveci (Del Bono et al. 2009; Koo
et al. 2009; te Poele et al. 2009). One pediatric
study found serum BDG potentially useful for
P. jiroveci diagnosis in three patients with hema-
tologic malignancies, one with BAL fluid confir-
mation (Gonzalez et al. 2011). The sensitivity of
BAL for diagnosing P. jiroveci pneumonia is
lower in non-HIV patients and in patients receiv-
ing aerosolized pentamidine. Therefore, serum
BDG may be a useful adjunctive, noninvasive
diagnostic tool (Levine et al. 1992; Azoulay and
Schlemmer 2006; Jiancheng et al. 2009). More
pediatric studies are needed to define serum BDG
as a reliable indicator of IFI such as P, jiroveci.
Serum BDG does not detect Cryptococcus
or Zygomycetes spp. (e.g., Mucor, Rhizopus,
Absidia), which do not produce BDG. False posi-
tives also occur in patients receiving antimicro-
bial agents such as piperacillin/tazobactam in
addition to hemodialysis with cellulose mem-
branes, intravenous albumin and immunoglobulin
(Marty and Koo 2009; Karageorgopoulos et al.
2011). Finally, the test may serve as a prognostic
marker for invasive candidiasis when serial levels
are measured, but data supporting this indication
are limited (Ginocchio et al. 2012; Glotzbecker
et al. 2012; Jaijakul et al. 2012).

1.4.3.3 Polymerase Chain

Reaction (PCR)
Molecular methodology such as PCR testing
may improve the detection of IFI as well as bac-
terial or viral organisms in children with FN
(Santolaya et al. 2011; Kourkoumpetis et al.
2012). However, lack of standardization has

limited its current use and more data are required
to make firm recommendations.

1.4.4 \Viral Studies

Viral infections may cause prolonged fevers in
neutropenic patients. Seasonal viral infections
such as influenza A/B and respiratory syncytial
virus (RSV) in the winter and enterovirus in the
summer must be considered (Lindblom et al.
2010; Ozdemir et al. 2011). In patients with
mucositis, herpes simplex virus (HSV) should be
considered. Viral PCR (whole blood and plasma,
cerebrospinal fluid, stool) is commercially
available and enables faster identification of viral
etiologies at higher sensitivity and specificity
compared to viral culture. In addition, direct
fluorescent antibody (DFA) testing of cutaneous
lesions may expedite diagnosis of herpetic skin
infections (i.e., HSV, varicella).

Invasive Procedures:
Bronchoalveolar Lavage
(BAL) and Tissue Biopsy

1.4.5

Tissue is necessary for diagnosis when physi-
cal examination or radiographic imaging is con-
cerning for abscess formation or lesions of the
skin, sinuses, or organ parenchyma but with-
out corroborative microbiologic confirmation.
Microbiologic evaluations should include proper
sample collection for assessing AFB and other
bacterial and fungal pathogens. For IFI such as
chronic disseminated candidiasis or invasive
Aspergillus spp., hepatic or splenic biopsy may
be required (Masood and Sallah 2005).

In children with pulmonary lesions, BAL
should be attempted first as it has a low complica-
tion rate and may yield an etiologic agent
(Pattishall et al. 1988; Jain et al. 2004; Efrati
et al. 2007). CT-guided lung biopsy or wedge
resection may be necessary if BAL sampling is
nondiagnostic in the patient with persistent fever
and pulmonary nodules (Wingard et al. 2012). In
addition to routine cultures, BAL samples should
be analyzed by GMN assay (Wingard et al. 2012).
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In patients with neutropenia, skin lesions may
be a manifestation of localized or systemic infec-
tion (Mays et al. 2006). Ecthyma gangrenosum, a
black eschar with surrounding erythema origi-
nally attributed to Pseudomonas spp., can be
caused by many other bacterial as well as fungal
and viral pathogens (Moyer et al. 1977; Reich
et al. 2004; Son et al. 2009). Many invasive
systemic fungal infections with high potential for
dissemination like Zygomycetes spp., Aspergillus
spp. and Candida spp. may present as nonspe-
cific lesions that require prompt evaluation (Mays
et al. 2006). Contaminated medical equipment
such as adhesive tape has been associated with
nosocomial outbreaks of Zygomycetes spp., so it
is imperative to consider such infections in skin
lesions found under dressings near tape (Everett
et al. 1979; Lalayanni et al. 2012). Prompt punch
biopsy and consideration for consultation with a
dermatology specialist is advisable.

1.5 Empiric Management

of Febrile Neutropenia (FN)

Management of FN in pediatric oncology is often
based on institutional and consensus guidelines. To
inform decision-making we review the appropriate
literature regarding specific topics including the use
of monotherapy versus combination antibiotic ther-
apy, use of vancomycin, empiric utilization of anti-
fungals, emergence of resistant pathogens, duration
and location of therapy, and criteria for central
venous catheter removal. Pediatric FN guidelines
from one institution are provided as an example of
how these concepts can be practically implemented.

Adult FN Guidelines
for Empiric Therapy:
Do They Apply to Children?

1.5.1

Infectious Diseases Society of America (IDSA)
guidelines for empiric antimicrobial therapy for
FN patients serve as the foundation for institu-
tional protocols treating pediatric cancer patients
(Freifeld et al. 2011). Notably, the International
Pediatric Fever and Neutropenia Guideline Panel

has also published guidelines for FN in pediatric
oncology patients (Lehrnbecher et al. 2012).
Recommendations from such practice guidelines
are mostly based upon level III evidence (expert
opinion) versus level I and II evidence (results
from randomized clinical trials) (Lee and
Vielemeyer 2011). Furthermore, no formal guide-
lines for FN have been published by the American
Society of Pediatric Hematology/Oncology
(ASPHO) or the Pediatric Infectious Diseases
Society (PIDS) despite notable disparity among
adult and pediatric cancer patients, including dif-
ferences in underlying malignant diseases and
associated therapies, immunity and susceptibility
to pathogens, and antimicrobial pharmacodynam-
ics (PD) and pharmacokinetics (PK) (Sung et al.
2011; Watt et al. 2011). Defining such PD/PK dif-
ferences are critical, particularly in the cancer
patient as cancer therapy can affect antimicrobial
efficacy, promoting  pathogen  resistance
(Theuretzbacher 2012). Whether such differences
significantly impact infection-related morbidity
and mortality in pediatric cancer patients remains
largely unstudied.

The International Antimicrobial Therapy
Cooperative Group (IATCG) published the largest
series comparing FN episodes in adult (n=2,321)
and pediatric (n=759) patients receiving stan-
dardized disease assessment and empiric therapy
and noted significant differences in patient demo-
graphics and outcomes by age: (1) malignant
diagnoses associated with FN episodes differed
across patient age with ALL being most frequent
in children and AML most frequent in adults;
(2) adult patients more frequently received anti-
bacterial and antifungal prophylaxes; (3) children
tended to have lower ANCs at presentation but
shorter durations of granulocytopenia; (4) children
had less defined sites of infection and more fever
of unknown origin; (5) children and adults had
similar rates of Gram-positive and Gram-negative
bacteremia, but children had more streptococcal
bacteremia; and (6) children had lower infection-
related mortality and overall mortality (3 % vs.
10 %) than adult FN patients (Hann et al. 1997).
Together, these data suggest that children and
adults with FN are indeed distinct both in presen-
tation and outcome.
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Additional studies are needed to investigate
further these suggestive data. However, such clin-
ical investigation is practically limited by the large
numbers of patients required for accurate statisti-
cal analysis as well as by the inherent expense
associated with large randomized clinical trials
(RCTs) (Mullen 2012). Likewise, reproducible
and accurate biomarkers of response to infection
and clinical end points are needed to ensure sound
clinical trials addressing antimicrobial efficacy
and safety (Powers 2012). Given their limitations
in study design and expense, RCTs comparing FN
episodes and response to therapy among adult and
pediatric cancer patients will likely not be per-
formed. Yet, extensive pediatric literature incor-
porating antimicrobial agents used in adult FN
demonstrates that empiric antibacterial and anti-
fungal therapies are comparable in their efficacy.
For these reasons, extrapolation of adult FN guide-
lines to the pediatric population is unavoidable.

1.5.2 Choice of Empiric
Antimicrobial Therapy

As discussed, determination of initial risk stratifi-
cation can help guide utilization of appropriate
antimicrobial agents and specifically the route (oral
vs. intravenous), setting (inpatient vs. outpatient),
and duration of use. In general, antimicrobial
choices for empiric pediatric FN are comparable
in their efficacy in either high-risk or low-risk
scenarios as serious medical complications remain
low with use of contemporary treatments (Baorto
et al. 2001; Luthi et al. 2012; Manji et al.
2012b, c). Therefore, institutional guidelines for
empiric antimicrobial therapy should consider the
following: (1) published experience with using
the antimicrobial agent in the context of FN; (2)
physician experience with using the proposed
antimicrobial agent; (3) pathogen epidemiology
and resistance patterns to the antimicrobial agent
inherent to the institution and its surrounding
community; and (4) the antimicrobial agent’s tox-
icity profile, cost and availability. In essence,
choice of empiric antimicrobial therapy should
integrate the patient’s clinical history and pre-
sentation with institutional experience of local

microbial patterns and specific antimicrobial
therapies.

1.5.2.1 Monotherapy Versus
Combination Therapy

Pizzo et al. (1986) first showed that cephalos-
porin monotherapy is as effective as combination
therapy in adult oncology patients. Since that time,
institutional guidelines are slowly adopting the
recommendation for monotherapy that is supported
in both the IDSA as well as the recent pediatric
guidelines (Freifeld et al. 2011; Lehrnbecher
et al. 2012). In a Cochrane review of 71 pub-
lished trials, monotherapy with broad-spectrum,
antipseudomonal beta-lactams was found to be
non-inferior to combination therapy with a trend
toward improved survival and a significantly
decreased risk of adverse events, specifically fun-
gal infection and nephrotoxicity secondary to
aminoglycosides as part of combination therapy
(Paul et al. 2013). The observations of Paul et al.
(2013) have been corroborated by a previous sys-
tematic meta-analysis by Furno et al. (2002).
Specifically for pediatric oncology patients,
Manji et al. (2012b) conducted a meta-analysis
and found no significant difference between
antipseudomonal penicillins and antipseudo-
monal cephalosporins either as monotherapy or
when combined with an aminoglycoside. The
authors therefore recommend choosing a regi-
men based on cost, availability and local factors
such as institutional resistance patterns. Whether
the increased utilization of a more broad-spec-
trum agent as monotherapy over a more narrow-
spectrum antipseudomonal cephalosporin plus an
aminoglycoside will lead to increased resistance
for these agents is unknown.

In an additional Cochrane review of anti-
Gram-positive antibiotics (often vancomycin) in
FN, Paul et al. (2005) showed that the addition of
such therapy does not improve outcomes without
a documented Gram-positive infection. Use of
vancomycin as initial empiric FN therapy is not
recommended in consensus guidelines as it does
not significantly affect survival or length of stay
(Freifeld et al. 2011; Lehrnbecher et al. 2012).
Furthermore, imprudent use of vancomycin has
been associated with emergence of resistant
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pathogens (e.g., VRE) and nephrotoxicity.
Clinical indications for empiric vancomycin
include skin/soft-tissue and catheter-related
infection, hemodynamic instability, severe
mucositis, and pneumonia. In these situations,
targeted vancomycin trough levels and renal
function surveillance are recommended (Rybak
et al. 2009). If susceptible bacteria are not recov-
ered or if concern for Gram-positive infection
abates, vancomycin should be discontinued
within 72 h (Lehrnbecher et al. 2012).
Consensus guidelines recommend combination
therapy be reserved for specific clinical indications
including patient instability, concern for resistant
pathogens (e.g., extended spectrum p-lactamase
[ESBL]-producing Serratia, Pseudomonas,
Acinetobacter, Citrobacter, Enterobacter and
Klebsiella spp.), and need for synergism to
treat specific pathogens (e.g., Enterococcus,
Mycobacterium spp., MRSA) or infections (e.g.,
endocarditis, cryptococcal meningitis) (Freifeld
et al. 2011; Lehrnbecher et al. 2012). Of note, if
combination therapy is required, meta-analyses
in pediatrics recommend utilization of once
rather than multiple daily doses of aminoglyco-
sides due to trends toward improved efficacy and
decreased nephrotoxicity (Sung et al. 2003;
Contopoulos-Ioannidis et al. 2004).

1.5.2.2 Which Monotherapy to Choose

A Cochrane review of antipseudomonal beta-
lactams for initial management of FN compared
studies with ceftazidime, cefepime, piperacillin/
tazobactam, meropenem and imipenem (Paul
et al. 2010). Cefepime monotherapy was shown
to have a significantly higher all-cause mortality
which had been previously reported (Yahav
et al. 2007). The Cochrane meta-analysis
reported a nonsignificant higher rate of bacterial
superinfection with cefepime which has been a
reported concern due to its limited anaerobic
profile and poor coverage for skin infections
(Yahav et al. 2007; Paul et al. 2010; Kalil 2011).
A follow-up meta-analysis did not find a statisti-
cally significant increased mortality with
cefepime and current pediatric consensus guide-
lines consider cefepime a reasonable choice for
monotherapy (Kim et al. 2010; Lehrnbecher

et al. 2012). Ceftazidime is not a good first-line
choice for monotherapy due to reduced Gram-
positive coverage as well as induction of
p-lactamase production leading to subsequent
emergence of resistant pathogens and inferior
clinical outcomes in pediatric patients (Mebis
et al. 1998; Ariffin et al. 2000; Greenberg et al.
2005). Paul et al. (2010) additionally noted that
carbapenem monotherapy had similar all-cause
mortality as other monotherapy regimens but
was associated with higher rates of antibiotic-
and Clostridium difficile-associated diarrhea.
Pediatric meta-analyses have shown similar
effectiveness between antipseudomonal cepha-
losporins, antipseudomonal penicillins and car-
bapenems as monotherapy but without the noted
increase in Clostridium difficile-associated diar-
rhea (Manji et al. 2012b, c).

1.5.2.3 Alterations in Initial Empiric FN
Antibiotic Management

Once empiric therapy has been initiated, altera-
tions in FN antibiotic management may be
required to optimize treatment; these changes
occur at the discretion of the practitioner or
institution without significant evidence basis.
For instance, Lehrnbecher et al. (2012) recom-
mend discontinuing combination therapy (if
initiated at presentation) after 24—72 h in the
stable patient without microbiologic evidence
to continue both agents. Similarly, patients
who are stable but with persistent fever should
not have their initial regimen escalated. Those
who become unstable should have additional
coverage for potential resistant Gram-negative,
Gram-positive and anaerobic causes initi-
ated with consideration for fungal and viral
etiologies.

1.5.2.4 Outpatient Management of FN

Although there remains a lack of one uniform
pediatric oncology risk stratification system,
many institutions have begun to utilize outpa-
tient management of low-risk FN which can
include outpatient oral or parenteral therapy as
either initial management or as step-down to
outpatient treatment after initial inpatient man-
agement; such options and the evidence
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surrounding them are reviewed by Chisholm
and Dommett (2006). This differs from previ-
ous studies in which low-risk patients were
discharged early (ANC <0.5 x 10°/L) but only
after defervescence (Mullen and Buchanan
1990; Aquino et al. 1997; Wacker et al. 1997).
Meta-analyses of efficacy and safety from adult
and pediatric studies found no significant dif-
ference in treatment failure in the inpatient ver-
sus outpatient setting and no significant
difference in the efficacy of outpatient oral ver-
sus parenteral therapy in low-risk FN (Teuffel
et al. 2011b). Studies were extremely heterog-
enous in terms of choice of antibiotics (both
oral and parenteral) as well as timing of step-
down making generalizations difficult. A recent
Cochrane review of randomized controlled tri-
als comparing oral versus intravenous anti-
biotic therapy for FN found no significant
difference in treatment failure or mortality
(Vidal et al. 2013).

The utilization of outpatient oral therapy
specifically for pediatric patients either at FN
presentation or as step-down after initial inpa-
tient management was most recently reviewed
by Manji et al. (2012a). Sixteen prospective tri-
als were reviewed in the meta-analysis with no
significant difference between oral and paren-
teral regimens and no outpatient infection-
related mortality. None of the trials were
randomized controlled trials specifically com-
paring inpatient versus outpatient management
and outcomes of low-risk FN (Manji et al.
2012a). The types of oral agents utilized in
pediatric studies are quite heterogenous and
include amoxicillin/clavulanate, cefixime, fluo-
roquinolones (ciprofloxacin, gatifloxacin) and
combination therapy (ciprofloxacin plus amoxi-
cillin) (Mullen et al. 1999; Aquino et al. 2000;
Paganini et al. 2000, 2001; Shenep et al. 2001;
Park et al. 2003; Petrilli et al. 2007; Dommett
et al. 2009; Brack et al. 2012). Ciprofloxacin
plus amoxicillin/clavulanate is recommended
as the oral regimen of choice in adult patients
(Freifeld et al. 2011). Brack et al. (2012)
recently reported on an RCT comparing contin-
ued inpatient treatment versus oral outpatient
management and found non-inferiority for

efficacy but lack of power to prove non-inferi-
ority for safety.

Many centers are continuing to initially admit
all pediatric oncology FN patients with the poten-
tial for early discharge with or without continued
antibiotic support depending on the clinical con-
text (Gibson et al. 2013). The United Kingdom
recommends such a management strategy after
48 inpatient hours in patients >1 year of age,
without medical or social comorbidities, not
receiving extremely intensive therapy, appearing
clinically well without a source of infection, with
some marrow recovery (i.e., ANC >0.1x 10°/L),
and with fever improvement (but not full defer-
vescence necessary), for outpatient oral antibiotics
to complete a 5-day course (Gibson et al. 2013).
A recent survey of Canadian pediatric oncology
centers found heterogenous treatment strategies
from full inpatient care, to step-down care, to full
outpatient care exemplifying the perceived lack
of sufficient data to uniformly modify practice
(Boragina et al. 2007). Sung et al. (2004) reported
in a survey of parents that only 53 % supported
initial FN outpatient management (as compared to
71 % of practitioners) due to perceived increased
fear and anxiety balanced with increased comfort,
while early discharge and outpatient intravenous
management are reportedly associated with
improved health-related quality of life (Cheng
et al. 2011). Finally, Teuffel et al. (2011a) cal-
culated that the most cost-effective model is one
in which low-risk FN patients are treated entirely
at home but through a parenteral rather than oral
route. The risk of nosocomial infection (NI)
with inpatient management must also be consid-
ered and was reported to be 5.2 NI per 100
admissions by one group (Simon et al. 2000).
The recent pediatric FN expert consensus guide-
lines allow for consideration of initial or step-
down outpatient management for the low-risk
patient in the appropriate setting although as a
weak recommendation (Lehrnbecher et al. 2012).

1.5.2.5 Choice of Empiric Antifungal
Therapy

The use of empiric antifungal therapy in neutro-

penic children is also based upon limited data

(Pizzo et al. 1982). Despite the low incidence of
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IFI in pediatric FN, cost of associated antifungal
therapy and supportive care and IFI-related mor-
tality are high (Zaoutis et al. 2006; Kim et al.
2011; Mor et al. 2011; Steinbach 2011).
Therefore, recent emphasis has been placed on
defining risk factors for IFI and providing empiric
antifungal therapy only to high-risk FN patients
(Cordonnier et al. 2009; Caselli et al. 2012;
Lehrnbecher et al. 2012). Notable risk factors for
IFI include hematologic malignancy, especially
AML and relapsed disease, prolonged and pro-
found neutropenia and lymphopenia, and adoles-
cent age (Groll et al. 1999; Rosen et al. 2005;
Castagnola et al. 2006; Mor et al. 2011).

The number of antifungals has increased
dramatically over the last decade but efficacy
data in prevention of IFI in pediatric oncology
are very limited (Blyth 2011; Steinbach 2011).
Meta-analyses on the utilization of empiric
antifungal therapy has shown mixed benefit in
decreasing all-cause mortality (Ggtzsche and
Johansen 2002; Goldberg et al. 2008). Similarly,
one small prospective pediatric study showed no
benefit with antimycotic prophylaxis as com-
pared to early therapeutic treatment (Uhlenbrock
et al. 2001). Additional meta-analyses of lim-
ited trial data mainly from adult oncology
patients have shown that intravenous liposomal
amphotericin B and potentially caspofungin
(2 trials) are the most effective empiric agents
(Johansen and Ggtzsche 2000; Jgrgensen et al.
2006; Goldberg et al. 2008). Voriconazole was
reported to be non-inferior to liposomal ampho-
tericin B as empiric antifungal therapy by Walsh
et al. (2002), but this was refuted by a subse-
quent Cochrane review and not approved by the
US Food and Drug Administration (FDA) for
this indication (Jgrgensen et al. 2006). Clinical
trials incorporating empiric antifungal therapy
in pediatric FN are extremely limited. Maertens
et al. (2010) report that liposomal amphoteri-
cin B and caspofungin are comparable in their
efficacy and safety although patient numbers
were small and it is unclear if the study was
powered to make this conclusion (Sekine et al.
2010). Generalizability in regard to the efficacy
of other echinocandins is unknown. Consensus
guidelines recommend initiation of empiric

antifungal therapy in high-risk patients with
persistent FN without a source while receiving
broad-spectrum antibiotics for >4 days (Freifeld
et al. 2011; Lehrnbecher et al. 2012). Pediatric
guidelines recommend either liposomal ampho-
tericin B or caspofungin while the adult IDSA
guidelines admit there is insufficient evidence
to recommend any one particular agent beyond
ensuring for anti-mold coverage (Freifeld
et al. 2011; Lehrnbecher et al. 2012; Groll
et al. 2014). Due to unclear efficacy of empiric
antifungal prophylaxis in the prevention of IFI,
the IDSA guidelines also suggest consideration
for “preemptive antifungal management” (i.e.,
withholding empiric therapy) as an alternative
strategy in patients who remain febrile >4 days
but are clinically stable and have no clinical,
radiographic (CT sinus and chest), laboratory
(negative fungal serology screens), or microbio-
logic (positive culture from sterile site) evidence
of fungal infection (Freifeld et al. 2011).

1.5.3 Duration of Antimicrobial
Therapy: Empiric Versus
Therapeutic Intent

In the absence of documented or clinical concern
for infection, empiric antimicrobial therapy is
often continued until resolution of FN in both
low- and high-risk patients. As mentioned, in
low-risk pediatric patients, discontinuing antibi-
otics prior to attaining an ANC >0.5x 10°/L has
been shown safe if afebrile >24 h and with nega-
tive cultures >48 h (Mullen and Buchanan 1990;
Aquino et al. 1997; Wacker et al. 1997
Lehrnbecher et al. 2002; Hodgson-Viden et al.
2005; Lehrnbecher et al. 2012). Risk stratifica-
tion in these studies was heterogenous with no set
ANC threshold for early discharge; therefore,
consensus pediatric guidelines recommend evi-
dence of bone marrow recovery (i.e., post nadir
ANC >0.1x 10°/L) prior to antimicrobial discon-
tinuation (Lehrnbecher et al. 2012). Santolaya
et al. (1997) have also shown in a small low-risk
carefully selected pediatric cohort that antimicro-
bials can be discontinued on day 3 of hospital
admission prior to defervescence or neutrophil
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recovery; thus, consensus guidelines suggest dis-
continuation of antimicrobials after 72 h of intra-
venous antibiotic therapy in the patient who is
afebrile >24 h even without evidence of bone
marrow recovery as long as close follow-up is
ensured (Lehrnbecher et al. 2012). Again, the
data to support this practice comes from small
prospective trials with no uniform risk strati-
fication system. In high-risk patients, empiric
antifungal therapy is usually discontinued once
fever has resolved for >48 h with an ANC
>0.5x 10%/L. If the patient remains afebrile and
clinically stable, antibiotic therapies are discon-
tinued. Although definitive evidence is lacking,
the usual clinical practice is to remove one anti-
microbial agent per 24 h time interval to observe
for fever recrudescence if the patient is on combi-
nation antimicrobial therapy. No pediatric studies
address the appropriate management strategy in
high-risk pediatric FN patients and specific man-
agement of these patients is not addressed in the
pediatric consensus guidelines (Lehrnbecher
et al. 2012).

For documented infection, duration of ther-
apy is determined by the site, pathogen and clin-
ical response to therapy. Most bacterial
infections (with notable exceptions including
CNS infection, abscess formation and endovas-
cular focus) require 10-14 days of appropriate
therapy, assuming complete clinical and micro-
biologic response. In general, duration of anti-
microbial therapy should be continued through
a time of neutrophil recovery (i.e., at least 5
days beyond ANC >0.5 x 10°/L), although there
is little evidence to support the efficacy of this
practice. For established IFI, prolonged therapy
(4-6 weeks) is necessary and concomitant
immune recovery is critical for favorable out-
comes (Nucci et al. 2003). The role for combi-
nation antifungal therapy, particularly in the
context of mold infection, requires further
investigation; potential utilization of combina-
tion therapy must balance the significant drug
interactions and potential side effects with ques-
tionable benefit (Vazquez 2008; Spellberg et al.

2012). The interested reader is directed to
recently published IDSA guidelines for a more
extensive discussion of infections due to
Aspergillus, Candida and Cryptococcus (Walsh
et al. 2008; Pappas et al. 2009; Perfect et al.
2010).

1.5.4 Endovascular Sources
of Infection: Catheter
Removal

Any central venous access device (CVAD)
can cause central line-associated bloodstream
infection (CLABSI), including a peripherally
inserted central catheter (PICC) (Advani et al.
2011). As mentioned, although DTP between
peripheral and central cultures can allow for
determination of line infection versus bacte-
remia, such information rarely changes man-
agement. Rather, CVAD removal is necessary
in the following clinical contexts: any blood-
stream infection in which the CVAD is no lon-
ger required, tunneled catheter site infection,
hemodynamic instability/sepsis, endocarditis
or other endovascular infection (e.g., throm-
bophlebitis), persistent positive blood culture
despite appropriate antimicrobial therapy for
>72 h, and CLABSI due to highly resistant
pathogens (e.g., MRSA, ESBL Gram-negative
bacilli, VRE) or pathogens that are difficult to
eradicate, particularly due to adhesive biofilm
production (e.g., fungi, Propionibacterium spp.,
Bacillus spp. Mycobacterium spp.) (Mermel
et al. 2009). Delay in catheter removal for less
virulent pathogens increases the risk for recur-
rent CLABSI (Raad et al. 2009). Antibiotic
lock therapy, instilling high concentrations of
susceptible antibiotic or ethanol into the CVAD
lumen, has been successfully used in combina-
tion with systemic antimicrobial therapy to both
eradicate and prevent CLABSI and should be
considered when the CVAD cannot be removed
(e.g., limited access sites in the patient) (Fortun
et al. 2006; Flynn 2009).
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1.5.5 Adjunctive Treatment
Modalities

Additional treatment modalities such as granu-
locyte transfusion and hematopoietic growth
factors are of unclear benefit in pediatric FN and
are discussed in detail in Chaps. 2 and 15
respectively.

1.5.6 Emergence of Resistant
Pathogens: Dwindling
Antimicrobial Options
and Focus on Prevention

Judicious use of antimicrobial therapy is
imperative to curb emergence of resistant
pathogens which have been shown to nega-
tively affect clinical outcomes in pediatric FN
patients (El-Mahallawy et al. 2011). In particu-
lar, prevalence of highly resistant ESBL- and
carbapenemase-producing organisms is increas-
ing while development of novel effective anti-
microbial therapy is both limited and associated
with significant side effects (Prasad et al. 2012).
Institutional prevention through implementa-
tion of surveillance and antimicrobial steward-
ship programs is vital, particularly for heavily
exposed patient populations like cancer patients
(Rolston 2005). Similarly, establishing guide-
lines for resistant pathogens and their associated
therapies is also imperative (Rybak et al. 2009;
Liu et al. 2011).

1.6  Summary: Building

Institutional FN Guidelines

It is clear that without sufficient data guiding
uniform treatment strategies, institutional guide-
lines addressing FN in pediatric oncology are
critical in effective clinical management for
this life-threatening complication and in moni-
toring institutional trends in resistance and
infectious sequelae. A multidisciplinary team

approach is required to create comprehensive
and critically reviewed guidelines that are
supported at all levels of the hospital, from pri-
mary patient managers including hematology/
oncology physicians to consultants such as
infectious disease specialists and pediatric
surgeons to additional caregivers such as emer-
gency medicine physicians and pediatric inten-
sivists. Cooperation between all care providers
will ensure uniformity and successful treat-
ment of this patient population. In a recent sur-
vey of time to antibiotic delivery for presenting
FN in the emergency department, Burry et al.
(2012) note many factors to improve care
including administrative barriers, communica-
tion between oncology and emergency depart-
ment staff, and patient education. As noted,
implementing potential practices such as early
discharge will require multidisciplinary dis-
cussion, institutional review board (IRB)
approval, and prospective study and ongoing
analysis to ensure patient safety as well as effi-
cacy of the treatment strategy.

Here we provide examples of institutional
guidelines incorporating the various diagnostic
and management concepts throughout this chap-
ter and compiled into a practical algorithm to
illustrate a standard supportive care approach for
FN in pediatric oncology patients (Figs. 1.1, 1.2,
and 1.3). These guidelines should be regarded as
quality of evidence level III recommendations as
they are based mainly on expert opinion and pub-
lished reports from expert committees due to the
lack of randomized clinical trials in pediatrics;
additionally, the reader should refer back to the
text for full details as many reasonable treatment
options are equally valid. As discussed, institu-
tional guidelines must incorporate local micro-
bial prevalence and incidence and local clinical
expertise which may not necessarily be equal
across institutions. Lastly, available guidelines
assist with decision-making but an individualized
approach must be taken when evaluating and
treating each episode of FN in pediatric oncology
patients.
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Fever and Neutropenia in Children Receiving Cancer Treatment
Emergency Department/Outpatient Algorithm?@

Access central venous access device (CVAD); If unable or none present, place peripheral IV & obtain culture
Obtain T&S, CBC with differential, renal and hepatic function, blood cultures from all lumens

Obtain urinalysis and urine culture (but do not delay antibiotic admininstration)

CXR, stool cultures, respiratory viral PCR panel if symptoms exist

Order appropriate antibiotics (see below)

ANTIBIOTICS GIVEN WITHIN 1 HOUR OF ARRIVAL TO EMERGENCY ROOM

Contact oncology service after assessment

* Signs and Symptoms (S/Sx) Sepsis Definition of fever:

* Chills * HSCT patient: Any oral T > 38°C
» Age-specific vital signs: . . .
Age Heart Rate  Systolic BP -- Single oral T > 38.3°C (101°F)

* Oncology patient: i

1wk—1m >1800r<100 <80 -- Oral T > 38°C (100.4°F) for > 1h

Tm-1y >180 or <90 <75

1y-5y >140 <75 No Yes
5y-12y  >130 <80
12y—-18y >110 <90

Admit on combination therapy:
* Piperacillin/tazobactam

* Tobramycin

* Vancomycin
Consider infectiou.

ANC < 0.5 x 109/L

Antimicrobial allergies:
Penicillin allergy:

* Cefepime + Metronidazole OR
* Meropenem

* Assess riskt Admit

* Observe 1h post-ceftriaxone Assess Risk* Cephalosporin allergy:
* Discharge if clinically well * Meropenem
* Return to clinic next day if B-lactam allergy:
remains febrile, sooner if new * Fluoroquinolone
symptoms Vancomycin allergy:
Low Risk High Risk * Daptomycin (if no pulmonary
infection) OR
¢ Linezolid
Admit on monotherapy: Admit on combination therapy:
* Piperacillin/tazobactam (Zosyn) * Piperacillin/tazobactam

* Tobramycin
Add vancomycin if meets criteriat

#Risk assessment criteria tVancomycin criteria
Patient is considered High Risk if ANY « Skin infection/cellulitis
of the following is present: » CVAD site infection
* Signs/symptoms of sepsis * Mucositis
« ANC < 0.1 x 10%/L * AML or recent high-dose cytarabine administration
« Focal infection (e.g. mucositis, abdominal * Isolation of vancomycin-sensitive organism
pain, perianal tenderness) * Previous MRSA or Streptococcus viridans
« Patient receiving therapeutic dexamethasone or * Note: Discontinue vancomycin after 72 h if
prednisone none of the above
 Infant ALL, ALL (Induction, Delayed Intensification), AML
* HSCT patient < 100 days from transplant VConsider stress-dose steroids
« |f patient receiving systemic steroids > 7 days
« |f presentation within 4 weeks of ALL induction

Fig. 1.1 Emergency room algorithm for fever and neutropenia in pediatric oncology patients

see text for full detail as other treatment algorithms are equally justifiable

T&S type and screen, CBC complete blood count, PCR polymerase chain reaction, HSCT hematopoietic stem cell
transplant, ANC absolute neutrophil count, ALL acute lymphoblastic leukemia, AML acute myelogenous leukemia,
MRSA methicillin resistant S. aureus
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Fever and Neutropenia in Children Receiving Cancer Treatment

Inpatient Algorithm@

Meets
Discharge
Criteria®

Persistent

Admission

| On-going reassessment |

Identified
Pathogen*

Fever for
72h

* Discharge with scheduled follow-up
« Consider home antibiotics for
patients with ANC < 0.5 x 10%/L

« Continue antibiotics until ANC > 0.2 x 10%/L
* Reassess daily untill meets discharge
criteria

« Tailor antibiotics appropriately

« Consider infecti fi
and CVAD removal if following:
(a) Pathogens: Bacillus spp., atypical
mycobacterium, multi-drug resistant
organism, vancomycin-resistance,
Stenotrophomonas maltophilia,
Corynebacterium or Acinetobacter spp.,
S. aureus, P, aeruginosa,
(b) Infections: polymicrobial, fungemia,
tunnel infection, sepsis, inability to
sterilize catheter/endovascular focus

 Continue optimal antibiotic coverage
until patient afebrile and ANC > 0.2 x 10%/L
and rising; then consider home antibiotics
for duration of therapy

* Note: drug interactions with cyclosporine
(CSA), tacrolimus (FK506)

* Consider infectious disease consult

» Consider potential antimicrobial modification:
-- Add vancomycin if receiving monotherapy
-- Change to meropenem + amikacin and/or

fluoroquinolone

 Consider antifungal coverage if fevers persistent
for 24 days and ANC < 0.5 x 1091

* Consider checking relevant antibiotic drug
levels if pathogen isolated

tDischarge Criteria
* Afebrile for 24 hours
* Negative blood culture for 48 hours
* No signs of localized or documented infection
 Performance status back to baseline
« ANC > 0.2 x 10%L and rising steadily
* 24 hour caregiver whom:
-- is able to take patient’s temperature
-- lives within 1 hour of accessible medical care
-- has phone acess
-- has transportation at any time

*Consult infectious disease and avoid monotherapy
for the following:

* Endovascular focus (persistent positive blood culture)

* Highly-resistant organism: ESBL-producing organism

* MRSA: vancomycin or linezolid + aminoglycoside

* SPACEY (Serratia, Pseudomonas, Acinetobacter,
Citrobacter, Enterobacter, Yersinia): -lactamase (+)

* Enterococcus: ampicillin or vancomycin + aminoglycoside

* Fungus (particularly CNS)

« Streptococcus viridans: vancomycin + empiric antibiotics

* Listeria or Group B Streptococcus: ampicillin +
aminoglycoside

« Clinical deterioration: shock

Fig. 1.2 Inpatient algorithm for fever and neutropenia in pediatric oncology patients
3see text for full detail as other treatment algorithms are equally justifiable
CVAD central venous access device, ANC absolute neutrophil count, MRSA methicillin resistant S. aureus
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Fever and Neutropenia in Children Receiving Cancer Treatment
Antifungal Algorithm2

* Signs and Symptoms of Sepsis
*Chils No Yes
* Age specific vital signs:
Age Heart Rate  Systolic BP
1wk—-1m >180or <100 <80
Tm-1y >180 or <90 <75
1y-5y >140 <75 . . .
5y—12y ~130 <80 Consult infectious disease
12y—18 110 90 * Assess risk’
y-18y > < « Consider antifungal therapy*

Persistent fever >4 days tRisk factors for invasive fungal infection (IFl):

Patient is considered High Risk if any of the following:
* Signs/symptoms of sepsis with neutropenic fever

* Prolonged fever and ANC <0.1 x 109

* Mucositis

« Steroid or high-dose cytarabine therapy

¢ ALL (Induction, DI), AML, severe aplastic anemia

* Allogeneic HSCT patient < 100 days from transplant
* Prolonged use of total parenteral nutrition/lipids

* Prolonged use of broad-spectrum antibiotics

* Previous IFI history

* Active GVHD/prolonged immunosuppressive therapy

ANC < 0.5 x 109/L

» Consult infectious disease
* Assess risk’
--Start antifungal therapy if IF risk factors
» Consider diagnostic work-up*:
--CT sinus and chest
--CT abdomen/pelvis (if focal exam)
--Ophthalmology exam
--Urine fungal screen
--Serum B-glucan & galactomannan
--Echocardiogram
--Biopsy notable lesions, if possible
--BAL galactomannan

Consider Diagnostic
Workup# and
Antifungal Therapy*

Discontinue fluconazole prophylaxis

Identified
Pathogen

#Pre-emptive and/or targeted antifungal therapy:
* Consult infectious disease

*Empiric antifungal therapy:
« If positive galactomannan and/or high suspicion for

« Consider voriconazole levels if Aspergillus spp.
* Consider combination antifungal therapy

 Consider surgery and removal of foreign bodies
 Consider cytokine therapy therapy (G/GM-CSF)

Aspergillus spp., start voriconazole
« Consider infectious disease consult
* Note: ambisome empiric dosing versus treatment dosing
* Note: drug interactions with CSA, FK506

 Consider granulocyte infusions
* Note: drug interactions with CSA, FK506

*Choices for empiric antifungal therapy:
* Ambisome (3 mg/kg/day)
* Caspofungin <40 kg: 70 mg/m2/day day 1, then 50 mg/m2/day
>40 kg: 70 mg/day day 1, then 50 mg/day
* Micafungin >4 months: 1 mg/kg (max 50 mg/day)
* Voriconazole IV: 6 mg/kg bid day 1, then 4 mg/kg bid
PO: >40 kg: 400 mg bid day 1, then 200 mg bid
: <40 kg: 200 mg bid day 1, then 100 mg bid
* Note: drug interactions with CSA, FK506

Fig. 1.3 Antifungal algorithm for fever and neutropenia in pediatric oncology patients

see text for full detail as other treatment algorithms are equally justifiable

ANC absolute neutrophil count, ALL acute lymphoblastic leukemia, DI delayed intensification, AML acute myeloge-
nous leukemia, HSCT hematopoieic stem cell transplant, GVHD graft-versus-host disease, CT computed tomography,
BAL bronchoalveolar lavage, CSA cyclosporine, FK506 tacrolimus, bid twice daily
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Abstract

The utilization of appropriate transfusion
therapy is a vital aspect in the prevention
of morbidity in pediatric oncology patients.
Practitioners must be cognizant of the risks
and benefits of transfusion as well as the
appropriate transfusion practices in immuno-
compromised patients. Here we review the
evidence regarding transfusion management
practices in pediatric cancer patients with ane-
mia, thrombocytopenia and neutropenia as
well as practice in managing potential transfu-
sion reactions. Where an evidence basis is
lacking, we review consensus guidelines in
both the pediatric and adult cohorts.

2.1 Introduction

The utilization of appropriate transfusion therapy
is a vital aspect in the prevention of morbidity in
pediatric oncology patients. Practitioners must be
cognizant of the risks and benefits of transfusion
as well as the appropriate transfusion practices in
immunocompromised patients. Here we review
the evidence regarding transfusion management
practices in pediatric cancer patients with ane-
mia, thrombocytopenia and neutropenia as well
as practice in managing potential transfusion
reactions. Where an evidence basis is lacking, we
review consensus guidelines in both the pediatric
and adult cohorts.
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2.2  Anemia
Anemia is a deficiency of red blood cells (RBCs)
and secondarily hemoglobin (hgb) concentration
leading to a reduced oxygen-carrying capacity.
Anemia is widely prevalent in pediatric oncology
patients at presentation and during the course of
their treatment. Studies document an overall
incidence of anemia in >50 % of children with
malignancy at diagnosis and during the course of
treatment; as many as 97 % of those with pedia-
tric leukemia have been reported to be affected
(Green et al. 1998; Nachman et al. 1998;
Hockenberry et al. 2002; Michon 2002). The spe-
cific hemoglobin concentration at which anemia
becomes symptomatic is dependent on several
variables including age, time over which anemia
develops, and the clinical status of the patient
and is usually unique to each individual patient.
Understanding the etiology of anemia, its signs
and symptoms and how it can be appropriately
managed is essential to providing effective sup-
portive care in the pediatric oncology patient.
Anemia develops due to suppressed erythro-
poiesis secondary to marrow infiltration with
malignant cells, suppression related to chemo-
therapy, radiation therapy, or infection, impaired
use of iron stores, and decreased endogenous
erythropoietin (EPO) and blood loss secondary to
hemorrhage, infection, repetitive blood sampling,
and hemolysis (Groopman and Itri 1999; Cazzola
2000; Sobrero et al. 2001; Hockenberry et al. 2002;
Stasi et al. 2003). Parvovirus B19, cytomegalovirus
(CMV) and Epstein-Barr virus (EBV) have spe-
cifically been reported to suppress erythropoiesis
(Alpert and Fleisher 1984; Almeida-Porada and
Ascensao 1996; El-Mahallawy et al. 2004; Eid
et al. 2006). Recognition of the major contributors
toward anemia can provide insight into the expected
course and potential optimal interventions.
Clinical symptoms of anemia include fatigue,
weakness, loss of appetite, headache, dizziness,
irritability, fainting and poor concentration while
signs of anemia include tachycardia, tachypnea,
dyspnea, flow murmurs and, in severe cases, con-
gestive heart failure (Cunningham 2003; Mock
and Olsen 2003). The severity of signs and symp-
toms depends both on the degree of anemia and

the rapidity of decline. With a gradual onset,
patient physiology has time to undergo compen-
satory changes that minimize symptoms. For
example, the newly diagnosed leukemia patient
often presents with severe anemia yet minimal
symptoms. The gradual onset of anemia allows
for physiologic compensation through plasma
expansion and increased cardiac output allowing
the patient to maintain near-normal activity
despite profound decrement in hemoglobin
concentration.

Red Blood Cell Transfusion
Guidelines

2.2.1

The transfusion of packed red blood cells (PRBCs)
is the primary treatment modality for anemia in
pediatric oncology patients and provides rapid
and relatively safe correction of anemia and its
concurrent symptoms. Utilization of hemato-
poietic growth factors (i.e., recombinant erythro-
poietin, thEPO) remains controversial and is
discussed in Chap. 15; specific populations such
as Jehovah’s Witnesses, whose religious practice
forbids the transfusion of blood products, may be
able to avoid transfusion in certain cases with the
utilization of thEPO. The potential risk-benefit
ratio of PRBC transfusion must be considered in
each individual case and discussed with the
patient and family; transfusion should therefore be
avoided in the clinically stable child who is recov-
ering from chemotherapy-induced aplasia.
Evidence-based guidelines on appropriate thresh-
olds for PRBC transfusion are lacking in the pedi-
atric oncology literature since the decision to
transfuse should be individualized (Buchanan
2005; Wong et al. 2005). Factors to consider
include the effect of anemia on quality of life (i.e.,
fatigue, patient preference), cardiovascular stabil-
ity, safety of procedures and sedation, the clinical
condition of the patient, the presence or risk of
bleeding, comorbidities such as infection and the
anticipated length of suppressed erythropoiesis
(Rossetto and McMahon 2000). Studies have
demonstrated that adolescent and adult patients
with higher hgb levels have improved quality of
life measures (Hockenberry-Eaton and Hinds
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Table 2.1 Red blood cell transfusion guidelines and level of evidence

Clinical status
Stable

Description

recovery
Vital sign changes
Thrombocytopenia
Procedure

Recent or active hemorrhage
Potential blood loss
Anesthesia requirement
Oxygen requirement

Fatigue

adolescents
Chronic anemia, infancy
Radiation therapy Radiosensitizer

With permission from Agrawal et al. (2011)
“Per Guyatt et al. (2006); see Preface

2000; Mock and Olsen 2003; Knight et al. 2004).
Generally young children compensate for anemia
better than adolescents and thus it is not uncom-
mon for adolescents to have a higher hgb thresh-
old at which they become symptomatic and at
which transfusion should be considered (Davies
and Kinsey 1994; Ruggiero and Riccardi 2002).
Generally, severe anemia (i.e., hgb <7 g/dL) is
the threshold utilized for PRBC transfusion in
pediatric oncology patients although may not be
required for the well-compensated patient reco-
vering from chemotherapy-induced aplasia
(Table 2.1) (Ruggiero and Riccardi 2002; Marec-
Berard et al. 2003). As expected, the need for
PRBC transfusion is directly related to the inten-
sity of therapy (Tas et al. 2002; Marec-Berard
et al. 2003; Ruccione et al. 2012). Management
of moderate anemia (i.e., hgb >7 g/dL) should
be individualized based on physical findings,
symptoms and patient preference; usually close
monitoring is sufficient. Particular clinical situa-
tions may alter the threshold for PRBC transfu-
sion: (1) the patient with planned surgery may
require PRBC transfusion to minimize risks of
induction anesthesia or blood loss; (2) the criti-
cally ill patient; (3) the patient with bleeding;
(4) the patient with recent severe hemorrhage;
and (5) the febrile patient with risk of sepsis and
increased RBC and coagulation factor consump-
tion (Table 2.1). Evidence is lacking to guide spe-
cific transfusion thresholds for each of these
clinical situations and therefore provider and

Asymptomatic, imminent marrow

Tachycardia, tachypnea, hypotension

Pulmonary or cardiac comorbidities
Decreased quality of life, especially in

Impact on growth or development

Hemoglobin level

for transfusion (g/dL) Level of evidence?
<7 1C
<8 1C
8-10 1C
8-10 1C
<7 1C
8-10 1C
8-10 1B
8-10 1C
See text 2C

institutional preference must be considered.
Infants generally can be managed with the same
hgb thresholds although underlying cardiopul-
monary status, ability to feed, and effect on
growth and development should be specifically
considered (Roseff et al. 2002; Gibson et al.
2004). Utilization of PRBC transfusion for
increased hgb thresholds in pediatric oncology
patients with solid tumors receiving radiotherapy
as a means to increase radiosensitivity remains
controversial; see Chap. 13 for a summary of the
evidence and recommendations which should
occur in discussion with radiation oncology.
Patients with leukemia and hyperleukocytosis
(white blood cell [WBC] count >100x 10°/L) are
at risk for leukostasis secondary to the increase in
the cytocrit. Often a compensatory decrease in
the hgb (erythrocrit) is seen and may aid in the
prevention of symptom development. Therefore,
PRBC transfusion must be avoided in the asymp-
tomatic patient with hyperleukocytosis; see
Chap. 6 for a full discussion of PRBC transfusion
with hyperleukocytosis.

2.2.2 Red Blood Cell Administration

Informed consent must be obtained prior to
PRBC transfusion with a discussion of the risks,
benefits and treatment alternatives to transfusion
therapy. PRBCs are often stored in adsol (ade-
nine saline, AS) secondary to a longer storage
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life (42 days) with a resultant hematocrit of
55-60 % due to the addition of 100 mL of AS
per unit blood. All pediatric oncology patients
should receive leukoreduced, irradiated PRBCs.
Leukocytes are implicated as contributory to the
majority of transfusion reactions; leukoreduction
has been shown to significantly reduce febrile
nonhemolytic transfusion reactions (FNHTRSs) as
well as infection with viral, bacterial, and proto-
zoal pathogens, and specifically CMV transmis-
sion (van Marwijk Kooy et al. 1991; Chu 1999;
Vamvakas and Blajchman 2001; Dzik 2002;
Heddle 2004; King et al. 2004; Paglino et al.
2004; Yazer et al. 2004; Blumberg et al. 2005).
Although leukoreduction decreases CMV trans-
mission, CMV-seronegative units are thought
safer in at-risk populations; specifically for pedi-
atric oncology, consensus guidelines recommend
CMV-seronegative units in patients receiving
hematopoietic stem cell transplantation (HSCT)
although this recommendation is controversial
(Hillyer et al. 1994; Blajchman et al. 2001; Nichols
et al. 2003; Gibson et al. 2004; Ljungman 2004;
Vamvakas 2005). Additional studies have shown no
difference in CMV transmission rates in HSCT
patients receiving leukoreduced versus CMV-
seronegative PRBCs (Bowden et al. 1995; Thiele
et al. 2011; Nash et al. 2012). PRBC irradiation
is recommended in all immunocompromised
patients to prevent transfusion-associated graft-
versus-host disease (TA-GVHD) by inactivating
donor T-cell replication and engraftment in the
host (Anderson et al. 1991; Moroff and Luban
1992; Dwyre and Holland 2008; Riihl et al. 2009).
Similar to HSCT-related GVHD, TA-GVHD can
present with fever, anorexia, vomiting, diarrhea,
skin rash, as well as pancytopenia and hepatic
dysfunction. Directed donation of PRBCs from
family members is generally not recommended due
to the cost and time required in addition to not
being shown more safe in the prevention of trans-
fusion-associated infection (Strauss et al. 1990).
Determination of the goal hgb should direct
the volume of PRBCs transfused and is depen-
dent on the patient’s clinical status, potential for
ongoing blood loss and time to recovery from
myelosuppressive  chemotherapy.  Generally
10-20 mL/kg of PRBCs are transfused, rounding

to the nearest unit to avoid blood product wast-
age and historically given over 4 h although this
practice is not well studied in hemodynamically
stable children. In the patient without ongoing
blood loss or alloimmunization, the expected rise
in hgb is dependent on the hematocrit concentra-
tion of the PRBC product; for an AS preserved
unit, the hgb is expected to increase by approxi-
mately 2 g/dL. for each 10 mL/kg of PRBCs
transfused (Davies et al. 2007). Anecdotal teach-
ing that repeat hgb measurement must wait a cer-
tain period of time for reequilibration is poorly
studied and likely unnecessary (Glatstein et al.
2005; Davies et al. 2007). Patients with severe
chronic anemia (i.e., hgb <5 g/dL) are potentially
at risk for transfusion-associated -circulatory
overload (TACO) due to the theoretical concern
for cardiogenic pulmonary edema with transfu-
sion in the patient with existing compensatory
increase in plasma blood volume to near-normal
levels. Variable practice exists, including slow
transfusion of 5 mL/kg over 4 h, sometimes with
the addition of a diuretic agent such as furose-
mide. Limited evidence suggests more liberal
transfusion rates such as 2 mL/kg/h can be safely
used in those patients without underlying evi-
dence of hemodynamic instability or cardio-
pulmonary compromise (Jayabose et al. 1993;
Agrawal et al. 2012).

2.3 Thrombocytopenia

Thrombocytopenia is a common side effect of
intensive pediatric oncology therapy with poten-
tial risks for morbidity, dependent on the rate of
platelet drop and seen more commonly when the
platelet count is <20x 10°%/L (Belt et al. 1978;
Rintels et al. 1994). Petechiae, spontaneous
hemorrhage and mucosal bleeding are common
with platelet count <20x 10°L while the risk
for severe spontaneous or life-threatening
hemorrhage is rare (Slichter and Harker 1978;
Consensus Conference 1987; Gmiir et al. 1991;
Contreras 1998; Norfolk et al. 1998; Schiffer
et al. 2001; Athale and Chan 2007). Thrombo-
cytopenia occurs most commonly secondary to
suppressed thrombopoiesis from chemotherapy,
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Table 2.2 Platelet transfusion guidelines and level of evidence

Platelet count for

Clinical scenario Description transfusion (x10°/L)  Level of evidence®
Stable Asymptomatic, imminent marrow recovery <10 1B
Procedures Diagnostic LP 50-100 (see text) 1B
Subsequent LP <20 1C
Bone marrow aspiration Not indicated 1C
Minor surgery: central line placement, <50 1C
bronchoscopy with lavage, sinus aspiration,
endoscopy with biopsy
Major surgery: CNS or solid tumor <100 1C
resection or biopsy
Signs/symptoms Minor bleeding: epistaxis, mild mucosal <20 1C
or underlying diagnosis  bleeding
Major bleeding: hemoptysis, hemorrhagic <100 1C
cystitis, GI, CNS, tumor necrosis
Fever <20 2C
APL induction <50 1C
Newborns <20-50 1C
Radiation <20-50 2C
DIC <50 1C
Coagulopathy <50 1C

LP lumbar puncture, CNS central nervous system, G/ gastrointestinal, APL acute promyelocytic leukemia, DIC

disseminated intravascular coagulation
With permission from Agrawal et al. (2011)
“Per Guyatt et al. (2006); see Preface

radiation therapy or infection. Thrombocytopenia
at diagnosis in leukemia patients can be secon-
dary to marrow infiltration as well as splenic
sequestration in those with splenomegaly.
Increased platelet consumption can occur due to
hemorrhage and sepsis with secondary dissemi-
nated intravascular coagulation (DIC). Frequent
platelet transfusion increases the risk of develop-
ing platelet antibodies and subsequent refractori-
ness to further transfusion; therefore, as with
PRBC transfusion, the risks and benefits of plate-
let transfusion must be considered in each indi-
vidual case prior to the decision to transfuse.

Platelet Transfusion
Guidelines

2.3.1

Platelet transfusion guidelines generally recom-
mend prophylactic transfusion at threshold levels
depending on the underlying risks of bleeding
(Table 2.2). Although no specific pediatric oncol-
ogy guidelines have been published, the American

Society of Clinical Oncology (ASCO) practice
guidelines incorporate clinical trials in pediatric
oncology (Schiffer et al. 2001). Factors that must
be considered when deciding to transfuse plate-
lets include: (1) cause of thrombocytopenia; (2)
time to expected resolution; (3) rapidity of plate-
let count drop; (4) clinical condition of the patient
including fever, infection, mucositis, coagulo-
pathy or bleeding; (5) history of severe hemor-
rhage; (6) recent surgical procedure or planned
surgery; and (7) concomitant medications such as
amphotericin, enoxaparin and tyrosine kinase
inhibitors.

Prospective, randomized trials in adolescents
and adults with acute leukemia have reported that
prophylactic transfusion can be safely given for a
platelet threshold of 10x 10°/L in clinically stable
patients (Gmiir et al. 1991; Heckman et al. 1997;
Rebulla et al. 1997; Wandt et al. 1998).

What platelet threshold is appropriate for
patients undergoing procedures, for those with a
history of hemorrhage and in those with potential
concurrent bleeding risk factors such as fever,
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infection, and coagulopathy has not been well
studied. Similarly, social factors such as distance
to clinic and ease of accessing care must also be
considered when determining the need for plate-
let transfusion (Benjamin and Anderson 2002).
Although definitive evidence is lacking, con-
sensus panels have concluded that platelets
>50x 10°/L. and >20x10%L are sufficient for
major and minor surgical procedures, respec-
tively (Norfolk et al. 1998; Rebulla 2001; Schiffer
et al. 2001; BCSH 2003). Risk of bleeding has
been found to correlate most with a history of
severe hemorrhage rather than platelet count
(Friedmann et al. 2002).

What platelet threshold should be utilized for
lumbar puncture in pediatric oncology patients is
poorly studied. One large retrospective study
concluded that a platelet threshold of >10x 10°/L
was sufficient for lumbar puncture (LP) although
only 3.8 % of patients had platelet count
<20x 10%L at the time of LP (Howard et al.
2000). A follow-up study analyzing risk factors
for traumatic LP concluded that African American
race, age <1 year, prior traumatic tap within 2
weeks, prior LP with platelets <50x 10°/L, lack
of general anesthesia, platelet count <100 x 10%/L,
interval of <15 days between LPs and a less expe-
rienced practitioner were all significant (Howard
et al. 2002). What effect this analysis has on prac-
tice is unclear. The study was also confounded by
a high rate of traumatic (29.3 %; >10 RBC/uL)
and bloody (10.4 %; >500 RBC/pL) LPs (Howard
et al. 2002). Based on this analysis the authors
conclude that a platelet count >100x 10°L
should be the threshold for diagnostic LP and the
procedure be performed by the most experienced
practitioner (Howard et al. 2002). Data on the
prognostic significance of traumatic LP and theo-
retical potential of introduction of leukemic
blasts into the cerebrospinal fluid are controver-
sial although multiple studies have shown it to be
a risk factor for poor outcome (Gajjar et al. 2000;
Biirger et al. 2003; te Loo et al. 2006). Whether a
lower platelet count in the hands of an experi-
enced practitioner remains a risk factor for trau-
matic LP is unknown.

Unlike LP procedures, bone marrow aspira-
tion and biopsy can be performed without regard

to platelet count as long as pressure is applied to
the area after the procedure (BCSH 2003). For
patients undergoing central line placement, adult
studies have shown that platelet counts >30-—
50x 10°/L are safe (Stellato et al. 1985; Coit
and Turnbull 1988; Lowell and Bothe 1991;
Barrera et al. 1996; Doerfler et al. 1996; Ray and
Shenoy 1997; Loh and Chui 2007). No similar
studies have been reported in pediatric patients.
Additionally, the need for a particular platelet
count for some post-procedure time period
to prevent development of bleeding has not
been reported.

2.3.2 Platelet Administration

Platelets for transfusion come as either pooled
platelet concentrates (PPCs) or as an apheresis
unit. PPCs are aggregated from red blood cell
donations and contain >5.5x 10! platelets. Four
to six platelet units are combined to make a
PPC. On the other hand, an apheresis platelet unit
is obtained from a single donor and is the equiva-
lent of 6-10 PC units (i.e., >3x 10'! platelets).
Transfusion with apheresis platelets minimizes
exposure to multiple blood donors although
whether this decreases the risk of alloimmuniza-
tion and therefore is of benefit in patient popula-
tions requiring frequent transfusion such as
pediatric oncology is controversial (NEJM 1997).
Apheresis platelet units undergo leukodepletion
during the collection procedure, whereas PPCs
must be subsequently filtered. Leukodepletion
has been shown to decrease the risk of alloim-
munization in both PPCs and apheresis units
(NEJM 1997). Risk of bacterial contamination is
low with both PPCs and apheresis units and has
not been found to be significantly different
(Schrezenmeier et al. 2007). Storage of platelet
units at 20-24 °C with gentle horizontal agitation
has been found safe up to 5 days after collection;
longer storage times increase the risk for bac-
terial proliferation and cytokine-mediated reac-
tions (Schiffer et al. 1986; Klein et al. 1997).

As with PRBCs, platelets should be dosed
by weight with 10 mL/kg of either PPCs or an
apheresis product resulting in an increase of
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50-100x 10°/L (Roseff et al. 2002; Fasano and
Luban 2008). Determination of response as well
as clinical status of the patient can guide future
transfusions; generally patients are not given
more than one apheresis unit although those with
a poor response to transfusion or active bleeding
may require higher doses. Platelets are transfused
over 30—60 min although more rapid infusion
rates have been found safe and effective (Norville
et al. 1997). Although considered a risk factor, a
direct relationship between number of transfused
platelet units and incidence of platelet refractori-
ness has not been consistently shown in the liter-
ature (Howard and Perkins 1978; Dutcher et al.
1981; Schiffer et al. 2001). Platelet refractoriness
is defined as an insufficient platelet increment
after transfusion on at least two occasions and is
the most significant long-term complication of
platelet transfusion (Schiffer 1991). ABO incom-
patibility has been shown to be a risk factor in
development of platelet refractoriness (Carr et al.
1990). HLA-matched platelets and crossmat-
ching have been shown effective in improving
platelet increment in patients found refractory
(Duquesnoy et al. 1977; Heal et al. 1987; Kickler
et al. 1988; Welch et al. 1989; O’Connell et al.
1992; Friedberg et al. 1993, 1994; Gelb and
Leavitt 1997). As with PRBCs, platelets should be
irradiated to prevent TA-GVHD in immunocom-
promised patients, while CMV seronegativity
may be unnecessary in the apheresis product for
the CM V-seronegative patient (Luban et al. 2000;
Nichols et al. 2003; Dwyre and Holland 2008).

2.4  Granulocyte Transfusion

Patients with prolonged neutropenia are at
increasing risk of infection and secondarily lack
neutrophils to eradicate infection. Therefore it
has been theorized that frequent granulocyte
transfusion may be an effective method to fight
serious infection in the severely neutropenic
patient without imminent count recovery.
Although theoretically promising and potentially
shown beneficial in small observational studies,
consistent data are lacking and some meta-
analyses have failed to show a significant benefit

(Vamvakas and Pineda 1997; Bishton and Chopra
2004; Robinson and Marks 2004; Grigull et al.
2006; Sachs et al. 2006; van de Wetering et al.
2007; Seidel et al. 2008; Massey et al. 2009;
Peters 2009).

In the patient with severe, refractory or pro-
gressive bacterial or fungal infection and severe
neutropenia likely to continue >1 week, granulo-
cyte transfusion can be considered (Bishton and
Chopra 2004). Donors should be mobilized with
G-CSF and dexamethasone with a goal transfu-
sion dose of >1.0x10° cells/kg in the pediatric
patient transfused daily for a minimum of 4-7
days (Chanock and Gorlin 1996; Klein et al. 1996;
Massey et al. 2009). Granulocyte transfusion
should be ABO compatible and crossmatched as
well as irradiated to prevent TA-GVHD (Bishton
and Chopra 2004). CMV-seronegative products
should be used in CMV-seronegative patients
to prevent CMV transmission (Bishton and
Chopra 2004).

Risks of Blood Product
Therapy and Their
Management

2.5

In the past, clerical error leading to ABO-
incompatible blood transfusion and secondary
acute hemolysis, as well as infectious complica-
tions, were the most common transfusion reac-
tions (Williamson et al. 1999; Linden et al. 2000;
Myhre and McRuer 2000; Stainsby et al. 2006).
Now, due to improved blood safety, transfusion-
related acute lung injury (TRALI) has become
most common in the adult literature due to
increased recognition, and generally noninfec-
tious causes are much more common (Bolton-
Maggs and Murphy 2004; Stainsby et al. 2006).
Reactions to transfusion may range from mild to
life-threatening and the clinician must be able to
promptly recognize the potential severe reaction
in the face of common transfusion-related symp-
toms such as fever. Acute reactions are defined as
occurring within 24 h while delayed reactions
occur beyond the acute period. Potential reactions
include acute and delayed hemolysis, FNHTR,
allergic reactions, TRALI, TACO, TA-GVHD
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and infectious complications. In the chronically
transfused, alloimmunization to PRBC transfu-
sion must be considered in addition to iron
overload. Management of transfusion reactions
is generally based on best practice and consen-
sus guidelines rather than an evidence basis
(Table 2.3).

2.5.1 Hemolytic Transfusion

Reactions

Acute hemolytic transfusion reactions (AHTRs)
present with fever, chills, nausea and vomiting as
well as anxiety and discomfort. Additional signs
and symptoms include dyspnea, hypotension or
shock, oliguria, hemoglobinuria, hemoglobine-
mia and disseminated intravascular coagulation
(DIC). AHTRs generally occur secondary to IgM
antibodies to anti-A and anti-B isohemagglutinins
but may additionally develop due to other IgM
and IgG antibodies. Bystander hemolysis can sec-
ondarily lyse recipient red blood cells. AHTR is
generally due to ABO incompatibility but may
also occur with other immune and nonimmune
causes including RBCs damaged by blood warm-
ers, incorrectly prepared frozen PRBCs, bacterial
contamination, as well as autoimmune and drug-
induced causes of hemolysis. Delayed hemolytic
transfusion reactions (DHTRs) present with
milder symptoms including low-grade fever,
jaundice, and a lower than expected posttransfu-
sion hgb increment and are due to previously sen-
sitized patients without detectable antibody at the
time of crossmatch. DHTR occurs with IgG
antibody-mediated complement fixation, mani-
festing as extravascular hemolysis.

Evaluation of a potential AHTR should
include each blood unit transfused. Laboratory
evaluation involves repeat crossmatch, perfor-
mance of a direct antibody test (DAT; direct
Coombs), as well as measurement of hgb, uri-
nalysis, and plasma-free hgb or haptoglobin.
With a more insidious DHTR leading to extravas-
cular hemolysis, laboratory assessment should
include hgb, reticulocyte count, DAT, indirect
bilirubin and lactate dehydrogenase. Management
of an AHTR is based on best practice and includes

immediately stopping the transfusion, providing
fluid support, and monitoring perfusion and urine
output. Vasopressor support may be required as
well as management of DIC with platelets and
fresh frozen plasma (FFP). Transfusion of addi-
tional PRBCs should be avoided due to the poten-
tial for continued bystander hemolysis but can be
given in the symptomatic patient or if with con-
tinued active bleeding.

2.5.2 Infection and Sepsis
Transfusion-transmitted viral infections have
markedly decreased with improved donor screen-
ing and viral testing measures; current estimated
rates of transmission include approximately <1 in
1.5 million for HIV, 1 in 300,000 for hepatitis B
virus, and <1 in 2 million for hepatitis C virus
(Busch et al. 2005; Dodd 2007; Dwyre et al.
2011). Advanced serologic screening measures
have decreased the window period in which viral
transmission has recently transpired but without
positive testing measures, although, false-
negative tests can still occur (Dwyre et al. 2011).
Posttransfusion hepatitis is generally caused by
viruses including hepatitis A, B, C and E in addi-
tion to CMV and EBV. CMV transmission can
lead to primary infection in the previously CM V-
seronegative recipient or reactivation in the
previously infected recipient. CMV can lead to a
mononucleosis-type syndrome and immunocom-
promised patients are at risk for more severe
manifestations including nephritis, retinitis,
interstitial pneumonitis, colitis and cytopenias
(Rubin et al. 1985). Additional rare transmission
of human T-lymphotropic retrovirus, human her-
pesvirus-8 and variant Creutzfeldt-Jakob disease
has been noted (Dodd 2007). Parvovirus B19 is
not routinely screened and can cause a prolonged
reticulocytopenia and anemia in patients with
underlying hematologic malignancies (Kaur and
Basu 2005).

Bacterial infection must be considered in the
patient with a new fever or fever increase >1 °C
from the previous 24 h during transfusion. Blood
contamination can occur at the time of collection
or during processing and has decreased
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Table 2.3 Management guidelines for transfusion reactions and level of evidence
Lab/imaging Level of
Type Clinical features findings Management evidence®
Acute hemolytic Immediate onset; fever, tIndirect bilirubin  Stop transfusion 1C
transfusion reaction anxiety, hypotension, Hematuria
(AHTR) DIC, renal failure 1LDH/AST ICU support
|Haptoglobin Fluid resuscitation

Febrile nonhemolytic
transfusion reaction
(FNHTR)

Allergic transfusion
reaction

Delayed hemolytic
transfusion reaction
(DHTR)

Transfusion-related
acute lung injury
(TRALI)

Bacterial sepsis

During or within 4 h
of transfusion; fever,
chills, rigors, nausea/
vomiting, headache

Immediate for severe
reaction with anaphylaxis
(i.e., bronchospasm,
hypotension); during

or following transfusion
for mild reaction

(i.e., urticaria, pruritus)
>24 h from transfusion
and within 2 weeks;
fever, chills, jaundice,
malaise; can be
asymptomatic

Within 6 h of transfusion;
dyspnea, hypoxemia,
fever, hypotension,
noncardiogenic
pulmonary edema

Usually of immediate
onset if severe GNR;
fever, chills, rigors,
hypotension, DIC,
oliguria, shock

tPlasma-free hgb
+DAT

None

None

|Hgb vs expected
posttfn increment

1Bilirubin

TLDH

+DAT

+Red cell
alloantibodies
+CXR with diffuse
infiltrates

+Bcx from patient
and/or transfusion
bag

Vasopressor support
FFP, platelets for DIC
Avoid PRBC transfusion

Diuretics to maintain urine
output once BP stabilized

Stop transfusion 1C

Rule out AHTR and bacterial
contamination/sepsis

Antipyretics

Restart transfusion if serious
adverse reactions ruled out

Stop transfusion 1C

Severe reaction: epinephrine,
diphenhydramine, H2
blocker, consider steroid

Mild reaction:
diphenhydramine

Usually no treatment 1C
required
Potential repeat tfn

Screen for new red cell
antibodies

Oxygen 1C
Vasopressor support
Mechanical ventilation

Unclear benefit for
corticosteroids

Stop transfusion 1C
Fluid resuscitation

ICU support

Vasopressors

Empiric antibiotics with
ceftaz/tobra

DIC disseminated intravascular coagulation, bili bilirubin, LDH lactate dehydrogenase, AST aspartate aminotransfer-
ase, DAT direct antiglobin test [Coombs], /CU intensive care unit, FFP fresh frozen plasma, PRBC packed red blood
cell, BP blood pressure, hgb hemoglobin, CXR chest radiograph, GNR Gram-negative rods, Bcx blood culture
Adapted from Agrawal et al. (2011)
“Per Guyatt et al. (2006); see Preface

significantly with improved blood collection and
screening procedures (Wagner 1997; Kuehnert
et al. 2001; Stainsby et al. 2006; Dodd 2007).
Bacterial infection is much more common with

platelets compared to PRBCs since they are
stored at room temperature and risk of contami-
nation has been directly correlated to storage
time (Morrow et al. 1991). Fatal infection is more
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likely due to Gram-negative endotoxin produc-
tion as compared to the more commonly seen
Gram-positive organisms (Arduino et al. 1989).
Transfusion should be stopped in the event of
fever or signs or symptoms of sepsis. The patient
should be treated immediately with volume
resuscitation, broad spectrum antibiotics and a
transfusion workup commenced including blood
cultures of the transfusion bag.

2.,5.3 Allergic Reactions/
Anaphylaxis

Allergic reactions are common, complicating
1-5 % of transfusions and more likely with plate-
let or plasma transfusion (Couban et al. 2002).
Reactions are type I hypersensitivity mediated
and usually mild with cutaneous manifestations
although systemic symptoms related to anaphy-
laxis are possible and usually occur within min-
utes of transfusion commencement. Transfusion
should be held once allergic symptoms manifest;
diphenhydramine is usually sufficient to manage
cutaneous symptoms. In the case of systemic
symptoms consistent with anaphylaxis, the trans-
fusion should not be restarted and the patient may
require additional medications including epineph-
rine, steroids and fluid expansion. Any patient
with a systemic reaction should be evaluated for
IgA deficiency. Prophylaxis with diphenhydr-
amine in the patient with a previous reaction has
not been shown beneficial although it is often uti-
lized (Wang et al. 2002; Sanders et al. 2005;
Geiger and Howard 2007; Kennedy et al. 2008).
It is reasonable to consider prophylactic cortico-
steroids prior to transfusion in the patient with
multiple reactions; if symptoms continue, or if
the patient is IgA deficient, washed blood prod-
ucts should be utilized.

2.5.4 Febrile Nonhemolytic
Transfusion Reactions

FNHTR is defined as a temperature increase of
>1 °C associated with transfusion and not attrib-

utable to any other cause. FNHTR was common
prior to the advent of leukoreduction due to pyro-
genic cytokines released from leukocytes during
storage (Heddle et al. 1993; King et al. 2004;
Paglino et al. 2004; Yazer et al. 2004). A recent
study of transfusions in a pediatric intensive care
unit reported a 0.9 % rate of FNTHRs (Gauvin
et al. 2006). FNHTR is a diagnosis of exclusion
and therefore transfusion should be halted until
an AHTR has been ruled out. Additional diag-
nostic considerations should include bacterial
contamination and TRALI. Fever related to
FNHTR can occur during or up to 4 h after the
completion of transfusion and is self-limited.
Antipyretics can be provided for comfort and the
transfusion restarted once the patient has defer-
vesced and more serious causes have been ruled
out. The utilization of antipyretics to prevent the
development of FNHTR has shown little benefit,
even in the patient with a history of FNHTRs
(Wang et al. 2002; Sanders et al. 2005; Geiger
and Howard 2007; Kennedy et al. 2008). Notwith-
standing, prophylactic antipyretics can be consi-
dered in the patient with multiple FNHTRs
although may not be effectual; washed blood
products can be considered with continued
FNHTR.

2.5.5 Transfusion-Related Acute
Lung Injury

TRALI is an increasingly recognized life-
threatening complication which occurs after
transfusion of plasma-containing blood products
(Popovsky 2000; Bolton-Maggs and Murphy
2004; Stainsby et al. 2006). In a 2004 consensus
conference, TRALI was defined as acute lung
injury occurring within 6 h of transfusion without
any other potential causes (Kleinman et al. 2004;
Andreu 2009). Symptoms of TRALI include dys-
pnea, tachypnea and fever; signs include hypo-
tension, hypoxemia and bilateral infiltrates on
chest radiograph without fluid overload
(Kleinman et al. 2004). A paucity of data exist in
pediatric patients although it appears that the
pathogenesis and course are similar to adult
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patients, with the majority recovering in 48-96 h
after the precipitating event (Sanchez and Toy
2005; Church et al. 2006). Although the patho-
physiology of TRALI is yet to be clearly delin-
eated, passive transfer of antibody leading to
neutrophil activation in the lung is thought the
most likely mechanism, exacerbated in those
with existing lung injury and therefore less likely
in pediatric patients (Popovsky 2000; Goldman
et al. 2005). Fresh frozen plasma is the most
likely contributing blood product, especially
when the donor is an antibody-positive multipa-
rous female (Eder et al. 2007). Increasing platelet
age at time of transfusion has also been noted as
a risk factor (Silliman et al. 2003).

TRALI is a diagnosis of exclusion and patients
with mild symptoms may improve without
TRALI being recognized. Patients will require
oxygen support and some will need mechanical
ventilation and vasopressor support. Cortico-
steroids may be of benefit as with other causes of
acute lung injury but are unproven in TRALI
(Barrett and Kam 2006). Recognition of TRALI
is vital in order to provide the appropriate medi-
cal management and also to potentially screen for
neutrophil-specific antibodies.

2.5.6 Transfusion-Associated
Circulatory Overload

TACO is also becoming increasingly recognized
although is a rare phenomenon in pediatric
patients with normal underlying cardiorespira-
tory function. TACO is defined as cardiogenic
pulmonary edema and is due to too large a trans-
fusion volume or too rapid a transfusion rate
(Eder et al. 2007). Clinical signs and symptoms
of TACO include dyspnea, tachypnea, hypo-
xemia and hypertension as compared to the hypo-
tension seen in TRALI. Hypertension is due to a
positive fluid balance with pulmonary and sys-
temic overcirculation and therefore unlike
TRALLI, the patient with TACO should be man-
aged with aggressive diuresis. In the patient not
responding to diuresis, other potential diagnoses
should be entertained.

2.5.7 Transfusion-Associated
Graft-Versus-Host Disease

In the immunocompromised patient, nonirradi-
ated blood and platelet products can lead to
TA-GVHD, especially in the setting of histo-
compatible donor T cells. Manifestations of
TA-GVHD are similar to GVHD seen secondary
to allogeneic HSCT and include fever, anorexia,
vomiting and diarrhea, and skin rash of variable
presentation and severity. Pancytopenia and
hepatic dysfunction may be present. The patient
should be diagnosed by skin biopsy, liver biopsy
or bone marrow aspirate and may require life-
saving HSCT.

2.5.8 Iron Overload

Total body iron is closely regulated in order to
maintain a steady state load of 35-45 mg/kg
(Shander et al. 2009). Iron absorption from food
intake is extremely limited (i.e., 1 mg/day) as are
mechanisms of iron excretion; therefore, when
patients receive frequent PRBC transfusion with
the receipt of approximately 1 mg of iron per
1 mL of transfused blood, iron overload can
occur, resulting in non-transferrin-bound iron
(i.e., free iron) and subsequent free iron deposi-
tion in tissues, specifically parenchymal cells of
the liver, heart, pancreas and endocrine tissues
(Shander et al. 2009; de Ville de Goyet et al.
2013). Free iron may also be associated with
oxidative damage due to generation of free
oxygen radicals, likely accentuated in the setting
of concomitant chemotherapy delivery (Shander
et al. 2009).

Iron overload leads to a higher incidence of
organ failure and mortality in populations that are
chronically transfused and has also been noted as
a risk factor for mortality in oncology patients
with myelodysplastic syndrome (MDS) and in
those receiving HSCT (Ballas 2001; Cazzola and
Malcovati 2005; Darbari et al. 2006; Malcovati
et al. 2006; Armand et al. 2007; Garcia-Manero
et al. 2008; Fenaux and Rose 2009; Shander et al.
2009; Alessandrino et al. 2010). In pediatric
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oncology, studies have shown that transfusion
burden increases with increased therapy intensity
in both hematologic malignancies and solid
tumor patients leading to iron overload in more
than half of patients although the effect of this
iron overload on subsequent toxicities is poorly
quantified (Emy et al. 1997; Eng and Fish 2011;
Ruccione et al. 2012; de Ville de Goyet et al.
2013). Quantification of total body iron can be
assessed by liver biopsy, measurement with a
superconducting quantum interference device
(SQUID) or more recently through proton mag-
netic resonance imaging (Fischer et al. 1999;
Angelucci et al. 2000; Brittenham et al. 2001; St
Pierre et al. 2005; Wood et al. 2005).

Iron overload may be a factor in late effects in
long-term survivors of pediatric cancers and
therefore all patients should be screened at the
end of therapy for potential iron overload.
Patients who have received >1 g of transfused
iron (>4 units PRBCs) should be screened with a
serum ferritin level and transferrin saturation
(Halonen et al. 2003). For patients with serum
ferritin levels persistently >1,000 ng/mL, mea-
surement of total body iron stores by proton MRI
should be considered. In such cases chelation
therapy or serial phlebotomy should also be a
consideration, especially in the adolescent male.

2.6 Summary

Blood product transfusion is a common practice
in patients undergoing myelosuppressive ther-
apy. That being said, an evidence basis for PRBC
and platelet thresholds for transfusion are gener-
ally lacking and therefore consensus guidelines,
assessment of each individual patient and the
underlying clinical situation, as well as patient
preference must all be routine considerations in
the decision to transfuse. Prior to transfusion, the
patient, family and practitioner must all be aware
of the potential short- and long-term risks of
transfusion. The practitioner should be able to
determine the appropriate volume and prepara-
tive steps required for transfusion and the likely
increment in hgb or platelet count after transfu-
sion. Any potential concerning reaction during a

transfusion should be appropriately managed
and assessed per standard guidelines, as
described.
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Tumor Lysis Syndrome

Anne Marsh, Anurag K. Agrawal, and James H. Feusner

Abstract

Tumor lysis syndrome (TLS) is a metabolic
complication of rapid cell turnover and there-
fore is seen most frequently in pediatric oncol-
ogy patients with large tumor burdens (often
with renal parenchymal involvement), tumors
with short doubling times and those exqui-
sitely sensitive to cytotoxic therapy such as
acute lymphoblastic leukemia (ALL) and non-
Hodgkin lymphoma (NHL). TLS can include
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metabolic complications related to hyperkale-
mia, hyperphosphatemia (with resultant hypo-
calcemia) and hyperuricemia. Laboratory TLS
(LTLS) should be differentiated from clinical
TLS (CTLS); CTLS includes seizures, cardiac
arrhythmias and acute kidney injury necessi-
tating renal dialysis. Recognition of risk fac-
tors for LTLS and preventive therapy remain
the most important management steps to mini-
mize development of CTLS. The evidence
basis behind recommendations in the manage-
ment of TLS is often negligible and therefore
based mostly on consensus statements; here
we analyze the existing literature in relation to
the consensus statements to determine and
grade rational guidelines.

3.1 Introduction

Tumor lysis syndrome (TLS) is a metabolic
complication of rapid cell turnover and there-
fore is seen most frequently in pediatric
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oncology patients with large tumor burdens
(often with renal parenchymal involvement),
tumors with short doubling times and those
exquisitely sensitive to cytotoxic therapy such as
acute lymphoblastic leukemia (ALL) and
non-Hodgkin lymphoma (NHL). TLS can include
metabolic complications related to hyperkalemia,
hyperphosphatemia (with resultant hypocalce-
mia) and hyperuricemia (HU) (Zusman et al.
1973). Laboratory TLS (LTLS) should be differ-
entiated from clinical TLS (CTLS); CTLS
includes seizures, cardiac arrhythmias and acute
kidney injury (AKI) necessitating renal dialysis
(Table 3.1). TLS is generally most pronounced
12-72 hours after therapy initiation (Coiffier
et al. 2008). Data from German BFM ALL and
NHL trials report an overall TLS incidence of
4.4-5.2 %; 66 of 78 patients with TLS in the
more recent cohort had either ALL or Burkitt
lymphoma (BL) (Meyer et al. 1998; Wossmann
et al. 2003). Patients with ALL had a 26.4 % inci-
dence and those with BL and lactate dehydroge-
nase (LDH) >500 U/L a 14.9 % incidence of
TLS (Wossmann et al. 2003). Montesinos et al.
(2008) similarly reported a high rate (17 %) of
TLS in adult patients with acute myelogenous
leukemia (AML) although in a consensus state-
ment Tosi et al. (2008) note that TLS is rare in
AML. Incidence has not been reported in pedia-
tric AML. TLS has also been noted in other non-
lymphomatous pediatric solid tumor types

including neuroblastoma, hepatoblastoma, thy-
moma, Langerhans cell histiocytosis (LCH),
medulloblastoma, germ cell tumors, and soft tis-
sue sarcomas though rarely, in case reports, and
specifically in those with a high tumor burden
(Khan and Broadbent 1993; Hain et al. 1994,
Jaing et al. 2001; Kushner et al. 2003; Trobaugh-
Lotrario et al. 2004; Gemici 2006; Bercovitz
et al. 2010; Bien et al. 2010). Although more
likely related to chronic hypertension, TLS has
also been noted to be a risk factor for the develop-
ment of posterior reversible encephalopathy syn-
drome (PRES) (Kaito et al. 2005; Ozkan et al.
2006).

Elevated calcium phosphate product and HU
increase the risk of calcium phosphate and
urate precipitation in the kidneys respectively;
precipitated crystals are toxic to the renal epi-
thelium (Shimada et al. 2009). Although LTLS
is quite frequent in high-risk malignancies,
CTLS is uncommon (Hande and Garrow 1993;
Kedar et al. 1995; Patte et al. 2002). Patte et al.
(2002) reported a 1.7 % need for renal dialysis
utilizing the most up to date supportive care
measures in stage III/IV pediatric NHL patients.
TLS can occur at diagnosis but is more com-
mon after the initiation of cytotoxic chemother-
apy (Stapleton et al. 1988; Larsen and
Loghman-Adham 1996; Kobayashi et al. 2010).
TLS has also been noted after fever, surgical
manipulation of solid tumors, after anesthesia,

Table 3.1 Parameters for laboratory and clinical tumor lysis syndrome in children

Laboratory tumor lysis syndrome (2 or more of the following occurring from 3 days prior up to 7 days after

commencement of cytotoxic therapy)
Uric acid >8 mg/dL or 25 % increase from baseline
Potassium >6.0 mEq/L or 25 % increase from baseline
Phosphorus >6.5 mg/dL or 25 % increase from baseline
Calcium <7.0 mg/dL or 25 % decrease from baseline*

Clinical tumor lysis syndrome (LTLS + I or more of the following)

AKI defined as creatinine >1.5x ULN or GFR <60 mL/min®
Cardiac arrhythmia/sudden death
Seizure

LTLS laboratory tumor lysis syndrome, AKI acute kidney injury, ULN upper limit of normal, GFR glomerular filtration

rate

Adapted from Coiffier et al. (2008), Tosi et al. (2008), Pession et al. (2011)
“Not a criterion in all consensus guidelines; GFR calculated utilizing the Schwartz et al. (1987) formula: estimated GFR

(mL/min)=(0.55xlength [cm])/serum creatinine (mg/dL)
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and secondary to direct obstruction from retro-
vesical lymphoma or massive lymphadenopa-
thy (Lobe et al. 1990; Levin and Cho 1996,
Mantadakis et al. 1999, Farley-Hills et al. 2001;
Mahajan et al. 2002).

Recognition of risk factors for LTLS and pre-
ventive therapy remain the most important man-
agement steps to minimize development of
CTLS. Patients who develop CTLS will require
more aggressive management to prevent signifi-
cant morbidity and mortality. Due to improve-
ments in recognition and supportive care, the
risk of early death from TLS is extremely low;
in a survey of Dutch leukemia patients, 1 of 847
ALL and 0 of 229 AML patients suffered early
death from TLS (Slats et al. 2005). Similarly, in
a review of LMB89 for NHL, 0 of 561 patients
suffered early death from TLS (Patte et al.
2001). HU was the most common cause of
impaired renal function and two patients died
secondary to metabolic complications (Meyer
et al. 1998). In a cost analysis of ALL and NHL
patients with TLS, Annemans et al. (2003a)
reported an overall 18.9 %and 27.8 % incidence
of HU and TLS respectively with costs signifi-
cantly increased in those with TLS and even
more so in those requiring intensive care (i.e.,
renal dialysis); these results were more recently
corroborated by Candrilli et al. (2008). The evi-
dence basis behind recommendations in the
management of TLS is often negligible and
therefore based mostly on consensus guidelines
(Feusner et al. 2008). Here we analyze the exist-
ing literature in relation to the consensus guide-

lines to determine and grade rational
recommendations.
3.2 Laboratory Risk Factors

for Tumor Lysis

Determination of pretreatment risk factors for
the development of CTLS would be helpful in
guiding the clinician as to which patients
require the most aggressive upfront therapies.
Data on the utilization of such factors are
mixed. In adult NHL patients, Hande and
Garrow (1993) reported no difference in TLS

between NHL subgroups; risk of CTLS after
chemotherapy was significantly higher in those
patients with pretreatment renal insufficiency
(creatinine >1.5 mg/dL) and high serum LDH
levels. On the other hand, in a retrospective
review of children with acute leukemia, Kedar
et al. (1995) found no correlation with pretreat-
ment blast count, white blood cell (WBC)
count, or LDH and the development of LTLS;
Stapleton et al. (1988) similarly found no statis-
tical difference in admission uric acid and LDH
level in children with B cell ALL who did or
did not subsequently develop AKI. Troung
et al. (2007) found that children <10 years of
age with WBC <20 x 10%L and no mediastinal
mass or splenomegaly had a 97 % negative pre-
dictive value of developing TLS. In a study of
German BFM data, Wossmann et al. (2003)
found that LDH >500 U/L correlated with risk
of both TLS and anuria in pediatric ALL and
stage III/IV BL patients. In an analysis of 221
ALL patients with hyperleukocytosis (WBC
>200x 10%/L) treated on the Scandinavian
NOPHO trials, only initial uric acid levels (11.0
versus 7.7 mg/dL) was significant in multivari-
ate analysis for TLS risk (WBC count and
LDH were not significant) (Vaitkeviiené
et al. 2013).

Mato et al. (2006) noted that LDH, uric acid
and gender were LTLS predictors in multivari-
ate analysis in adult AML patients but these
factors were not specifically predictive for
CTLS. Montesinos et al. (2008) found that
LDH > upper limit of normal (ULN), creatinine
>1.4 mg/dL, hyperuricemia (uric acid >7.5 mg/
dL), and WBC >25x 10°/L were all significant
risk factors for both LTLS and CTLS in adult
AML patients and subsequently validated a risk
scoring system. Whether such a scoring system
can be utilized in pediatric patients is unknown.
Consensus guidelines consider LDH >2x ULN
and WBC >25x10°L as risk factors for the
development of LTLS although it is unclear
whether these factors are true measures for risk
of CTLS, especially in pediatric patients
(Table 3.2) (Coiffier et al. 2008; Tosi et al.
2008; Cairo et al. 2010; Agrawal and Feusner
2011; Pession et al. 2011).
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Table 3.2 Risk factor stratification for clinically significant tumor lysis syndrome at disease presentation in pediatric

patients?

High risk for CTLS

Stage III/IV Burkitt lymphoma with LDH >2x ULN and/or bulky retroperitoneal disease
ALL with WBC >200x 10%/L and uric acid >11.0 mg/dL"

Hyperphosphatemia

Hypocalcemia

Hyperkalemia

Oliguria

Renal involvement in leukemia or lymphoma
Low risk for CTLS

Non-lymphomatous solid tumors

Hodgkin lymphoma

Chronic myelogenous leukemia

Acute myelogenous leukemia

Stage I/II NHL

ALL in children <10 years of age with WBC <20x 10°/L and no mediastinal mass or splenomegaly

Intermediate risk for CTLS
All others not classified as low or high risk

CTLS clinical tumor lysis syndrome, LDH lactate dehydrogenase, ULN upper limit of normal, ALL acute lymphoblastic
leukemia, WBC white blood cell, LTLS laboratory tumor lysis syndrome, NHL non-Hodgkin lymphoma

*See text for detail, level of evidence 1B for all categorizations (per Guyatt et al. [2006]; see Preface)

"WBC >25x 10°/L or LDH >2x ULN without LTLS is not a risk factor for TLS in ALL patients

3.3 General Management

Guidelines

Prevention is the key component of TLS manage-
ment in high-risk patients and hyperhydration
(i.e., 3 L/m%day) is the most important prophy-
lactic intervention although randomized evidence
supporting its benefit is lacking due to the risk of
withholding such therapy in high-risk patients
(Table 3.3) (Coiffier et al. 2008; Tosi et al. 2008).
Intravenous fluids should ideally be started >24 h
prior to the initiation of cytotoxic therapy. Fluid
status must be monitored vigilantly taking into
account the patient’s daily fluid balance, urine
output, laboratory evidence of renal function and
physical exam evidence of fluid overload (i.e.,
change in weight, edema, dyspnea, rales or gal-
lop rhythm). Dilute urine output, defined as
>100 ml/m*h (>4 ml/kg/h for infants) with a
urine specific gravity <1.010, should be estab-
lished prior to the initiation of chemotherapy and
should be maintained at such levels during the
acute phase of therapy (Coiffier et al. 2008; Tosi
et al. 2008). Loop diuretics and mannitol can be
utilized to maintain good urine output but should

be avoided in patients with evidence of hypovole-
mia (Coiffier et al. 2008; Tosi et al. 2008).
Frequent laboratory monitoring is necessary to
assess for evidence of LTLS and risk of CTLS. Uric
acid, phosphate, potassium, calcium and creatinine
levels should be checked prior to the initiation of
cytoreductive therapy. The frequency of monitor-
ing thereafter must be tailored to each individual
patient and may be required as often as every 4-6 h
in patients exhibiting significant LTLS worrisome
for the development of CTLS or as infrequently as
every 24 h in lower-risk patients (Coiffier et al.
2008; Tosi et al. 2008). Guidelines recommend fol-
lowing LDH levels as a marker of decreasing tumor
burden and TLS risk although it is unclear if this is
really necessary to appropriately assess the patient
(Coiffier et al. 2008; Tosi et al. 2008). In addition,
patients who develop hyperkalemia and hyper-
phosphatemia or who have poor urine output
despite vigorous hydration should undergo renal
ultrasound to rule out renal parenchymal involve-
ment or obstructive uropathy.
Electrocardiographic (ECG) monitoring may
be warranted if the patient has either hyperkalemia
(i.e., potassium >6 mEqg/L) or hypocalcemia
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Table 3.3 Pharmacologic interventions for the treatment of tumor lysis syndrome?

Condition Level of evidence®
General management
Intravenous fluids

D5W 1/2NS infused at 3 L/m?/day without potassium or calcium 1C
Sodium bicarbonate 20-40 mEq/L if the patient has HU or risk for HU; 2C
can decrease to 1/4NS if on 40 mEq/L or more of sodium bicarbonate
Urinary alkalinization not required if utilizing rasburicase 1B
Urinary alkalinization should not be initiated with concomitant hyperphosphatemia 1A
Laboratory monitoring
Monitor potassium, phosphorus, calcium, uric acid, BUN/creatinine every 4—6 h 1C
in patients at high risk for tumor lysis
Can wean labs to every 12—24 h as tumor burden decreases over 3—7 days 1C
Hyperuricemia
Allopurinol® 1B

In all patients not receiving rasburicase; unclear evidence in low-risk patients
10 mg/kg/day PO divided Q8h to a maximum of 800 mg/day
Rasburicase? 1B

Rasburicase prophylaxis should be limited to patients with evidence-

based risk factors (see Table 3.2); specifically stage III/IV BL patients with elevated
LDH >2x ULN and/or bulky retroperitoneal disease, hyperleukocytic ALL (WBC
>200x% 10°/L) with severe hyperuricemia (uric acid >11.0 mg/dL) or hyperuricemia not
improving with hyperhydration, urinary alkalinization and allopurinol alone

0.03-0.05 mg/kg IV x 1; subsequent doses not usually required but can be given if uric
acid again >8 mg/dL in high-risk patients
Hyperphosphatemia
Aluminum hydroxide 1C
Avoid in patients with renal insufficiency
Children: 50-150 mg/kg/day PO divided Q4-6 h
Adolescents: 300-600 mg PO TID
Sevelamer 1C
Administer with each meal
Children: dosing not well established
Adolescent dosing based on phosphorus level (mg/dL):
>5.5 and <7.5: 800 mg PO TID
>7.5 and <9: 1200 mg PO TID
>9: 1600 mg PO TID

Calcium carbonate (use with caution as can increase calcium-phosphate product 1C
and risk for calcium phosphate precipitation)

Children: 30—40 mg/kg/dose with each meal
Adolescents: 1-2 g with each meal

Hyperkalemia
Calcium gluconate, 100-200 mg/kg IV slow infusion with ECG monitoring 1C
Sodium polystyrene sulfonate, 1 g/kg in 50 % sorbitol PO Q6h (max dose 15 g) 1C
Regular insulin + D25W, 0.1 unit/kg insulin (max 10 units) +2 ml/kg 1C
(0.5 g/kg) D25W 1V over 30 min
Albuterol 1C

Inhaled via nebulizer <25 kg: 2.5 mg
Inhaled via nebulizer 25-50 kg: 5 mg
Inhaled via nebulizer >50 kg: 10 mg
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Table 3.3 (continued)

Condition Level of evidence®
Furosemide, 0.5-1 mg/kg IV 1C
Sodium bicarbonate, 1-2 mEq/kg IV over 5-10 min (max dose 50 mEq) 1C

Hypocalcemia
Calcium gluconate®, 50-100 mg/kg IV slow infusion with ECG monitoring 1C

HU hyperuricemia, BUN blood urea nitrogen, PO by mouth, TID three times per day, IV intravenous, ECG

electrocardiogram

Adapted from Coiffier et al. (2008), Tosi et al. (2008), Howard et al. (2011), Pession et al. (2011)

*See text for full detail
Per Guyatt et al. (2006); see Preface
“Patients in renal failure should be dose reduced by 50 %

dContraindicated in patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency
°Avoid administration unless patient has symptomatic hypocalcemia or ECG changes

(serum calcium <7 mg/dL or ionized calcium
<1 mmol/L) (Coiffier et al. 2008; Tosi et al. 2008).
The classic ECG findings that can be seen with
mild to moderate hyperkalemia include tall peaked
T-waves, prolongation of the PR interval, dimin-
ished amplitude or disappearance of the P-waves
and widening of the QRS complex (Diercks et al.
2004). When severe, hyperkalemia can result in a
sine-wave pattern, ventricular fibrillation or asys-
tole (Diercks et al. 2004). The hallmark ECG find-
ing of hypocalcemia is prolongation of the QTc
interval (Diercks et al. 2004).

Management of ALL patients with severe hyper-
leukocytosis is not specifically addressed in the
TLS guidelines; leukapheresis may be considered
in ALL patients with hyperleukocytic TLS as long
as delay in the initiation of induction chemotherapy
can be avoided (see Chap. 6 for more detail)
(Vaitkeviciené et al. 2013). Radiation therapy may
additionally be considered for patients with poor
urine output with evidence of obstructive uropathy
or renal parenchymal disease.

3.4 Pathophysiology,
Presentation
and Management of Specific
Metabolic Derangements
3.4.1 Hyperuricemia

Guidelines define hyperuricemia as a uric acid
>8.0 mg/dL; a 25% increase from baseline is
also considered a marker of LTLS (Table 3.1)
(Coiffier et al. 2008; Pession et al. 2011).

Lysis of malignant cells leads to release of
purine nucleosides adenosine and guanosine
from DNA into the circulation. Upon their release
into the bloodstream, purines undergo enzymatic
conversion to uric acid, an insoluble metabolite
not easily excreted by the kidneys. Uric acid
and its precursor, xanthine, are both relatively
insoluble in urine with an acidic pH. Renal pre-
cipitation of uric acid or, very rarely, xanthine
(i.e., with concomitant use of allopurinol) can
lead to a reversible obstructive uropathy and AKI
(Rieselbach et al. 1964; Hande et al. 1981;
Andreoli et al. 1986; Potter and Silvidi 1987;
LaRosa et al. 2007).

3.4.1.1 Alkalinization

Urinary alkalinization has been a long-standing
modality used to facilitate uric acid excretion
based on the initial work by Rieselbach et al.
(1964) who showed that urinary alkalinization to
a goal urine pH of 7.0 in addition to hyperhydra-
tion improved urinary excretion of uric acid.
Although Conger and Falk (1977) later showed
in a mouse model that urine alkalinization plays
only a minor role in urate excretion as compared
to hyperhydration, it remains unclear if this nec-
essarily correlates with human physiology. The
solubility of uric acid increases with increasing
urine pH thereby making it easier for the kidneys
to excrete excess uric acid; however, the solubil-
ity of calcium phosphate decreases as the pH
increases leading to potential calcium phosphate
precipitation in an increasingly alkaline environ-
ment (Howard et al. 2011). Therefore, theoretical
concern exists regarding routine urinary alkalini-
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zation. In consensus guidelines, Coiffier et al.
(2008) recommend against routine urine alkalini-
zation, while Tosi et al. (2008) recommend urine
alkalinization in low-risk patients, highlighting
the lack of evidence to make firm uniform guid-
ance. An update of the Tosi et al. (2008) Italian
guidelines recommend against alkalinization
even in low-risk patients (Pession et al. 2011).

Sodium bicarbonate is generally used as the
additive to intravenous fluids with a goal urine
pH of 7.0. It is unlikely that patients without risk
of HU benefit from urinary alkalization; those
with high tumor burdens and risk for TLS may
benefit from urine alkalinization although data
are lacking. Additionally, with the availability of
rasburicase to rapidly degrade existing uric acid
to a much more soluble byproduct, the risk of
hyperuricemia and subsequent urate precipita-
tion is almost nonexistent in settings with rasbu-
ricase availability thereby negating the need for
alkalinization (Tosi et al. 2008; Howard et al.
2011). Patients with hyperphosphatemia should
not be alkalinized due to the increased risk of
calcium phosphate precipitation and availability
of rasburicase to treat concomitant hyperurice-
mia, if present (Howard et al. 2011). In the
patient with elevated uric acid or risk of hyper-
uricemia without hyperphosphatemia started on
alkalinization, the alkalinization can be discon-
tinued as the uric acid normalizes and the tumor
burden decreases over the first few days of ther-
apy (Table 3.3).

3.4.1.2 Allopurinol

Allopurinol inhibits xanthine oxidase, an enzyme
which converts hypoxanthine and xanthine to
uric acid. Krakoff and Meyer (1965) and DeConti
and Calabresi (1966) first showed that allopuri-
nol effectively reduced serum uric acid levels
without leading to significant accumulation of
xanthine and hypoxanthine due to differential
solubility products. Allopurinol has been noted
to be quite safe and is extremely inexpensive.
Xanthine nephropathy secondary to TLS and
leading to AKI with concomitant allopurinol has
been rarely reported in the literature (Band et al.
1970; Hande et al. 1981; Andreoli et al. 1986;
Potter and Silvidi 1987; LaRosa et al. 2007).
Andreoli et al. (1986) reported that although xan-

thine exceeded its solubility limit in 16 of 19
children with ALL receiving allopurinol, only 8
were noted to have precipitated xanthine in urine
sediment and only half of those children devel-
oped AKI. They therefore theorized that addi-
tional factors are involved in the development of
AKI during TLS. Xanthine nephropathy should
be considered in the patient with AKI but appro-
priate TLS prophylaxis; in such cases allopurinol
should be reduced or discontinued, xanthine
levels should be drawn and patients should
be tested for a defect in the hypoxanthine-guanine
phosphoribosyl transferase (HGPRT) enzyme
(LaRosa et al. 2007).

Drawbacks to allopurinol include a relatively
slow onset of action (i.e., 24-72 h), the neces-
sity of dose reduction in the setting of renal
insufficiency and its inability to degrade preex-
isting uric acid (Howard et al. 2011). Intravenous
allopurinol has been shown to be equally effec-
tive and safe as compared to oral allopurinol but
comes at a much higher cost (2,000-fold)
(Smalley et al. 2000; Feusner and Farber 2001;
Patel et al. 2012). Prior to the advent of rasburi-
case, intravenous allopurinol was a potential
option in patients unable to tolerate oral intake
but is no longer available in Europe (Feusner
and Farber 2001; Will and Tholouli 2011).
Utilizing a single low dose of rasburicase, Patel
et al. (2012) were able to extrapolate a signifi-
cant cost savings over intravenous allopurinol.
Consensus guidelines recommend allopurinol in
low- and intermediate-risk patients (i.e., those
patients not recommended to receive rasburi-
case) (Coiffier et al. 2008; Pession et al. 2011).
Consensus guidelines recommend that patients
who receive rasburicase should only have allo-
purinol initiated after rasburicase discontinua-
tion in order to inhibit additional uric acid
formation until the tumor burden is significantly
decreased (i.e., usually 37 total days) (Coiffier
et al. 2008; Tosi et al. 2008). Given the slow
onset of action for allopurinol it may be more
prudent to initiate allopurinol prior to this rec-
ommended time point. Similar to urine alkalini-
zation, it is unclear if the addition of allopurinol
is beneficial in patients with a low tumor burden
and low risk of developing HU (Table 3.3)
(Pession et al. 2011).
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3.4.1.3 Rasburicase

Rasburicase, recombinant urate oxidase, converts
uric acid into allantoin, a five to ten times more
soluble compound, in an extremely effective
manner. Due to this fact, many studies have
shown that rasburicase is efficacious in correct-
ing HU in pediatric and adult patients (Pui et al.
2001; Patte et al. 2002; Bosly et al. 2003; Coiffier
et al. 2003; Jeha et al. 2005; Pession et al. 2005;
Shin et al. 2006; Kikuchi et al. 2009). Follow-up
studies comparing efficacy of rasburicase and
allopurinol naturally show that rasburicase is
much more effective in rapidly and dramatically
reducing the uric acid level although such studies
fail to incorporate a clinically relevant endpoint
(Goldman et al. 2001; Cortes et al. 2010). Many
of these studies were supported by the pharma-
ceutical maker of rasburicase, including grant
support, providing the drug, logistic support, edi-
torial support, and data management, and some
study authors had a financial stake in the pharma-
ceutical company (Goldman et al. 2001; Pui et al.
2001; Patte et al. 2002; Bosly et al. 2003; Coiffier
et al. 2003; Jeha et al. 2005; Shin et al. 20006;
Kikuchi et al. 2009; Cortes et al. 2010). Early
studies also utilized higher doses of rasburicase
(i.e., 0.15-0.2 mg/kg/day) and for a longer dura-
tion (up to 7 days) based on the recommendation
of the manufacturer (and what was approved by
the United States Food and Drug Administration
[FDAY]), rather than what is more rational based
on the mechanism of the drug and underlying dis-
ease process (Pui et al. 2001; Patte et al. 2002;
Bosly et al. 2003; Coiffier et al. 2003; Jeha et al.
2005; Pession et al. 2005; Shin et al. 2006;
Kikuchi et al. 2009).

Rasburicase doses as low as 0.017 mg/kg as a
single dose have subsequently been found effec-
tive; many studies have shown that abbreviated
rasburicase schedules are sufficient (Hummel
et al. 2003; Lee et al. 2003; Liu et al. 2005;
Ho et al. 2006; Hutcherson et al. 2006; McDonnell
et al. 20006; Trifilio et al. 2006; Reeves and Bestul
2008; Campara et al. 2009; Giraldez and Puto
2010; Vadhan-Raj et al. 2012). Hummel et al.
(2007) were able to utilize a low-dosing schedule
resulting in an average decrease in uric acid lev-
els by 83 % while utilizing a median total dose of

rasburicase of 0.049 mg/kg, resulting in a cost
reduction of 96.8 % based on manufacturer dos-
ing recommendations. Adult patients with initial
average hyperuricemia of 13.1 mg/dL were able
to achieve uric acid <8.0 mg/dL with an average
single rasburicase dose of 0.032 mg/kg (Hummel
et al. 2007). Knoebel et al. (2011) similarly
showed that most adult patients could be effec-
tively treated with a single 0.05 mg/kg dose. Yet,
recent consensus guidelines still recommend a
range of 1-7 days of rasburicase at a dose of
0.1-0.2 mg/kg/dose (Coiffier et al. 2008; Tosi
et al. 2008; Pession et al. 2011). Although gener-
ally safe, rasburicase must be avoided in patients
with glucose-6-phosphate dehydrogenase
(G6PD) deficiency and methemoglobinemia, and
hemolytic anemia has been reported in childhood
ALL (Bauters et al. 2011).

Even though HU is a factor in LTLS, data are
less clear that rasburicase is more effective in the
prevention of CTLS than allopurinol. In their
analysis of BFM data, Wossmann et al. (2003)
compared LTLS and anuria risk in pediatric ALL
and stage III/IV BL patients with LDH >500 U/L
treated with either allopurinol or rasburicase;
they found that although ALL patients treated
with rasburicase had a trend toward decreased
LTLS, it was not clinically significant although
there was a significant decrease in the incidence
of anuria. LTLS or anuria risk in children with
BL was not significantly different between rasbu-
ricase and allopurinol (Wossmann et al. 2003).
Despite decreasing uric acid levels, Ahn et al.
2011 noted no statistical difference in LTLS,
CTLS or need for renal dialysis with rasburicase
compared with allopurinol. A Cochrane review
of rasburicase for the prevention and treatment of
TLS in children with cancer similarly showed
significant reduction in uric acid levels, but the
relevant analyzed studies failed to show that this
equated to a significant reduction in clinically
significant endpoints, specifically renal failure
and mortality (Cheuk et al. 2010).

Rasburicase remains an extremely expensive
drug ($535 per 1.5 mg vial) compared to allopu-
rinol and therefore it is vital to appropriately
select patients that would benefit from rasburi-
case through the prevention of CTLS (Goldman
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2005; Patel et al. 2012). An economic analysis
by Annemans et al. (2003b) reported that rasbu-
ricase is highly cost effective in the pediatric
cohort, but the analysis was based on preventing/
treating HU and LTLS rather than clinically sig-
nificant endpoints. Another economic compari-
son specifically in pediatric patients showed no
difference in total cost or length of stay between
those treated with allopurinol and rasburicase
although the number of days in critical care was
significantly reduced in the rasburicase cohort
(Eaddy et al. 2010). Consensus guidelines rec-
ommend rasburicase in those with “high-risk
disease,” defined as AML with WBC
>100x10°/L, ALL with LDH >2x ULN or
WBC >100x% 10%/L, BL with LDH >2x ULN or
advanced stage (i.e., III/IV), other NHL with
advanced stage and LDH >2x ULN, and any
patient with LTLS (Cairo et al. 2010). Tosi et al.
(2008) define high risk as those with renal
impairment, obstructive uropathy, hyperurice-
mia (uric acid >8 mg/dL), bulky disease, high-
grade lymphoma, T cell ALL or LDH >2x
ULN. Although some of these patients will ben-
efit from the addition of rasburicase, many of
these subpopulations likely do not need rasburi-
case in all cases, such as ALL with solely LDH
>2x ULN or WBC >100x10%L, AML with
WBC >100x10°L, all T cell ALL, all LDH
>2x ULN, and those with LTLS but without HU
(Table 3.3) (Tosi et al. 2008; Agrawal and
Feusner 2011).

3.4.2 Hyperkalemia

Potassium, the most abundant intracellular
cation, is released into the circulation when
cells lyse. The rate of release of potassium from
malignant cells can exceed the excretory capa-
city of the kidney resulting in hyperkalemia.
Dehydration, renal insufficiency and inadvertent
iatrogenic administration of potassium are fac-
tors that can exacerbate the degree of hyperkale-
mia observed in TLS. Hyperkalemia can be
acutely life threatening by precipitating cardiac
arrhythmias and therefore is a medical emergency
that warrants prompt intervention. Treatment of

hyperkalemia involves three main mechanisms:
(1) stabilization of the resting membrane poten-
tial of cardiac myocytes, (2) transmembrane
shifting of potassium from the extracellular to the
intracellular compartment, and (3) enhanced
excretion of potassium. Care should be taken to
eliminate parenterally administered forms of
potassium (e.g., intravenous fluids should not
contain potassium). Enterally consumed sources
of potassium should be minimized.

Administration of calcium gluconate helps
stabilize the resting membrane potential of the
myocardium. Calcium gluconate should be given
to any patient with a serum potassium level
>7.0 mEqg/L or any patient with evidence of an
arrhythmia (Coiffier et al. 2008). Calcium gluco-
nate has an onset of action within minutes with a
duration of effect of about 30 min. Due to the
short half-life, the dose may need to be repeated
until more definitive measures to reduce the
potassium have been initiated. The translocation
of potassium from the extracellular compartment
to the intracellular compartment is an effective,
albeit, temporary management strategy. Drugs
that can be used to shift potassium into the
intracellular compartment include the combina-
tion of insulin and glucose, P-agonists such
as albuterol, and sodium bicarbonate. The combi-
nation of insulin and glucose shifts potassium
into cells within 10-20 min, has a duration of
effect that lasts 2-3 h and can lower serum
potassium by 0.5-1.5 mEq/L (Gennari 2002).
Continuous inhalation of albuterol is equally
effective compared to insulin and glucose with a
similar duration of effect; however the onset of
action is slightly longer at 20-30 min (Gennari
2002). Sodium bicarbonate can be used to
shift potassium intracellularly when an acido-
sis is present but is felt to be somewhat less
effective than insulin and glucose or albuterol
(Gennari 2002).

The definitive treatment of hyperkalemia
involves enhancing the excretion of potassium
in order to lower body levels. Ion-exchange
resins such as sodium polystyrene sulfonate
(Kayexalate®) administered orally along with
the laxative sorbitol bind to potassium in the
colon and enhance excretion of potassium in the
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stool. The onset of action of sodium polystyrene
sulfonate is delayed and can take up to 4-6 h,
necessitating the administration of more tempo-
rizing measures in the interim (Gennari 2002).
Potassium-wasting loop diuretics such as furose-
mide can be used to enhance renal excretion
of potassium. Furosemide should be used with
caution in patients with renal insufficiency (i.e.,
estimated GFR <35 mL/min/1.73 m? using the
Schwartz formula) and should be avoided in
patients with hypovolemia (Schwartz et al.
1987). Dialysis should be considered in the
patient with hyperkalemia not improving with
the above therapies, at risk for continued signifi-
cant cell lysis or with oliguria/anuria. See
Table 3.3 for a summary of recommendations,
dosing and grading.

3.4.3 Hyperphosphatemia

The backbone of DNA is abundantly rich in phos-
phate and tumor cells have been noted to have sig-
nificantly increased phosphate concentrations
(Traut 1994). Therefore, actively dividing malig-
nant cells are a risk for hyperphosphatemia with
rapid cell lysis. Hyperphosphatemia in and of
itself rarely leads to clinical symptoms; however,
significant complications can arise if calcium
phosphate precipitates in the kidneys leading to
nephrocalcinosis and AKI.

The treatment of hyperphosphatemia includes
hyperhydration, limiting enteral intake of phos-
phate, utilization of phosphate binders, and,
when severe, initiation of dialysis. Phosphate
binders used in the treatment of TLS include alu-
minum hydroxide, sevelamer and calcium car-
bonate (Abdullah et al. 2008). Prolonged use of
aluminum hydroxide beyond 1-2 days has been
cautioned against in order to avoid the potential
for aluminum toxicity (Coiffier et al. 2008).
Patients with hyperphosphatemia should not
receive urinary alkalinization as described.
Calcium carbonate should be utilized with cau-
tion due to the potential for calcium phosphate
precipitation. See Table 3.3 for a summary of rec-
ommendations, dosing and grading.

3.4.4 Hypocalcemia

In order to maintain a steady level of calcium rela-
tive to phosphorus (i.e., calcium-phosphate prod-
uct), calcium and phosphate have an inverse
homeostatic relationship. Therefore the hypocal-
cemia seen in TLS is a direct consequence of
hyperphosphatemia. Clinical symptoms of hypo-
calcemia include neuromuscular irritability (e.g.,
muscle cramps, tetany, carpopedal spasms, sei-
zure) and cardiac arrhythmias, and can range in
severity from relatively minor to potentially life-
threatening (Diercks et al. 2004). Accurate mea-
surement of serum calcium levels is dependent
upon albumin levels. When the patient is hypoal-
buminemic, an ionized calcium level should be
measured to confirm the degree of hypocalcemia.

No intervention is needed for the patient with
asymptomatic hypocalcemia. For patients who
are symptomatic, calcium gluconate may be
administered. The lowest dose required to allevi-
ate symptoms should be given in order to mini-
mize the risk for calcium phosphate precipitation.
The risk for precipitation is not insignificant and
can be estimated by calculating the calcium-
phosphate product (serum calcium multiplied by
serum phosphate). Risk for nephrocalcinosis
increases as the calcium-phosphate product
increasingly exceeds 60 mg*/dL? (Howard et al.
2011). See Table 3.3 for a summary of recom-
mendations, dosing and grading.

3.5 RenalInterventions

No clear evidence-based guidelines exist as to
when dialysis should be implemented for
TLS. Coiffier et al. (2008) suggest renal consul-
tation in patients with decreased urine output and
in those with persistent hyperphosphatemia or
hypocalcemia. Tosi et al. (2008) suggest renal
replacement therapy in those with persistent
hyperkalemia, severe metabolic acidosis, volume
overload not responding to diuresis, and uremic
symptoms such as pericarditis and encephalopa-
thy. The need for dialysis with hyperuricemia is
unlikely other than in settings without access to
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rasburicase (Howard et al. 2011). Continuous
arteriovenous and venovenous hemofiltration,
continuous venovenous hemodialysis, and con-
tinuous venovenous hemodiafiltration have all
been found safe and effective in CTLS (Bishof
et al. 1990; Heney et al. 1990; Sakarcan and
Quigley 1994; Saccente et al. 1995; Howard et al.
2011). Long-term renal function in pediatric
patients who suffer from TLS has been reported
to be normal (Stapleton et al. 1988).

3.6 Summary

TLS risk factor stratification is vital for determin-
ing which preventative measures are appropriate
for each individual patient. Although guidelines
exist, the risk stratification provided is based on
consensus statements and adult data and does not
extrapolate to all pediatric oncology populations.
Subsequently such stratification may lead to
increased utilization of expensive medications
such as rasburicase in situations where it is not
justified based on the existing evidence. Although
urinary alkalinization may not be recommended
in some guidelines, it may still be beneficial in
situations where the uric acid level is not high
enough to justify rasburicase. The practitioner
should be aware of true high-risk scenarios in
which rasburicase should be utilized and the
patient monitored extremely carefully for meta-
bolic complications related to hyperkalemia,
hypocalcemia and AKI secondary to calcium
phosphate precipitation. Early consultation with
nephrology and intensive care should be consid-
ered in such high-risk situations.
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Abstract

Children with malignancies are at risk for a
number of cardiopulmonary complications.
These are most frequently seen at the time of
initial presentation but can also be seen in the
setting of progressive disease or relapse. When
severe, these complications require prompt
evaluation and may require emergency inter-
vention. This chapter reviews the patho-
physiology, clinical presentation, diagnosis
and treatment of the most common cardiopul-
monary emergencies seen in the pediatric
oncology population: superior vena cava and
superior mediastinal syndromes, pericardial
effusion and tamponade, pleural effusion,
hypertensive emergencies, and pulmonary leu-
kostasis. Recommendations for management
are included and graded based on a review of
the existing available evidence.

4.1 Introduction

Children with malignancies are at risk for a
number of cardiopulmonary complications.
These are most frequently seen at the time of
initial presentation but can also be seen in the
setting of progressive disease or relapse. When
severe, these complications require prompt
evaluation and may require emergency interven-
tion. This chapter reviews the pathophysiology,
clinical presentation, diagnosis and treatment of
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Table 4.1 Summary of recommendations for management of cardiopulmonary emergencies

Clinical scenario
SVCS/SMS

Malignancy-associated
pericardial effusions

Malignancy-associated
pleural effusions

Hypertensive
emergencies

Recommendations
Elevate head of the bed
Place all IV lines in lower extremities
Consider use of loop diuretics
Remove indwelling catheter if associated with thrombosis
Avoid sedation with general anesthesia if possible
Consider use of pre-biopsy steroids to shrink tumor
Consider pre-biopsy radiation therapy to shrink tumor
Close observation only if patient is asymptomatic
Emergent pericardiocentesis under echocardiographic guidance
if patient is symptomatic
Consider pigtail drainage catheter for prolonged drainage
Surgical management if not controlled by above methods
Volume resuscitation to elevate intracardiac pressures
Avoid mechanical ventilation with positive airway pressure
Close observation only if patient is asymptomatic
Thoracentesis if patient is symptomatic (send fluid for evaluation,
including cytology)
Consider indwelling catheter for prolonged drainage
Intrapleural fibrinolysis for loculated effusion
VATS for early organizing empyema
Thoracotomy with decortication for advanced organizing empyema
Consider pleurodesis for refractory and recurrent effusion
Immediate intravenous therapy for severe hypertension
Rapid bolus of phentolamine
Continuous infusion of phentolamine or sodium nitroprusside
Avoid B-blocking agents initially
Oral therapy for less severe hypertension
a-blocking agent (i.e., doxazosin)
Calcium channel blocker
Consider addition of p-blocker after a-adrenoreceptor blockade

Prevention of hypertensive crisis if marked catecholamine release
anticipated

a-adrenoreceptor blockade with phenoxybenzamine
Subsequent addition of -blockade to prevent reflex tachycardia

Level of evidence®
1C
2C
2C
1C
1B
2C
2C
1C
1C

2C
1C
2C
2C
1B
1B

2C
1A
1C
1C
2C
1C

1C

1C

SVCS superior vena cava syndrome, SMS superior mediastinal syndrome, IV intravenous, VATS video-assisted thoraco-

scopic surgery

aPer Guyatt et al. (2006); see Preface

the most common cardiopulmonary emergen- 4.2 Superior Vena Cava

cies seen in the pediatric oncology population:

superior vena cava and superior mediastinal Syndromes
syndromes, pericardial effusion and tamponade,

pleural effusion, hypertensive emergencies, and
pulmonary leukostasis. Recommendations for
management are included and graded based on
a review of the existing available evidence

(Table 4.1).

and Superior Mediastinal

Superior vena cava syndrome (SVCS) occurs
when the superior vena cava is obstructed,
thereby restricting blood return to the heart.
Superior mediastinal syndrome (SMS) is the

term used when SVCS coexists with obstruction
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of the trachea. The terms are sometimes used
interchangeably in children, in whom mediasti-
nal pathology frequently involves compression
of both the SVC and the trachea. Malignancies
are the most common cause of this condition.
The most common pediatric malignancy asso-
ciated with SVCS is lymphoma, but it can also
be seen in other solid tumors such as germ cell
tumors, neuroblastoma, Ewing sarcoma, and
soft tissue sarcoma, as well as leukemia (Ingram
et al. 1990; Halfdanarson et al. 2006).

4.2.1 Pathophysiology

The superior vena cava carries blood from the
head, arms and upper torso to the heart. This
thin-walled vessel is easily compressed by
tumors or other pathology in the mediastinum
leading to impedance in venous return. If the
occlusion occurs gradually, collaterals may
form thereby mitigating the symptoms.
Airway compromise results from both direct
compression of the tracheobronchial tree and
edema of these airways due to venous
engorgement.

4.2.2 Clinical Presentation
and Diagnosis

4.2.2.1 History and Physical Exam
SVCS/SMS should be suspected in a patient
with engorgement of the veins in the head, face
and neck. The most common presenting signs
and symptoms are facial swelling and plethora,
distended neck and chest wall veins, and upper
extremity edema. Respiratory symptoms
include dyspnea and cough. Less frequently
seen are central nervous system (CNS) symp-
toms caused by impeded venous return and
subsequent cerebral edema. These can include
headache, dizziness, confusion, syncope and
even obtundation (Wilson et al. 2007a). The
onset of symptoms is usually insidious but may
occur rapidly especially when the underlying
cause is a rapidly growing tumor.

4.2.2.2 Imaging Studies

The diagnosis of SVCS/SMS is often made on
the basis of clinical signs and symptoms but
imaging studies are helpful in determining the
underlying etiology. A chest radiograph is easy to
obtain and can confirm the presence of a medias-
tinal mass. A computed tomography (CT) scan of
the chest is typically the most useful imaging study
and should be obtained after the administration
of intravenous (IV) contrast to best evaluate the
SVC. CT can provide information regarding the
exact size and location of the mass (which can
provide clues regarding its etiology), as well as
infiltration into surrounding structures and vascu-
larity. It is important to keep in mind that patients
with SMS are at high risk for adverse cardiorespi-
ratory events if sedated. Ultrasonography can be
performed when sedation is not possible or if the
patient cannot lie supine. Echocardiography may
be required if there is suspicion of infiltration by
the mass into the pericardial cavity or pericardial
effusion, based on physical exam or CT scan
findings.

4.2.2.3 Other Studies

Tissue is required to make a definitive diagnosis
and should be obtained by the least invasive pro-
cedure possible to reduce the possibility of an
adverse cardiorespiratory event. If there is an
associated pleural or pericardial effusion, thora-
centesis or pericardiocentesis respectively may
be not only therapeutic but also diagnostic in
approximately 50 % of cases (Rice et al. 2006).
An enlarged palpable lymph node may be more
easily biopsied than a mediastinal mass.
Mediastinoscopy is more invasive but has the
highest diagnostic yield, and some studies have
reported low complication rates even in the pres-
ence of SMS (Dosios et al. 2005).

4.2.3 Treatment

SVCS/SMS is not typically considered to be a
true medical emergency unless airway com-
promise or neurologic symptoms are present
(Yellin et al. 1990). However, tumors with rapid
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growth can lead to a rapid progression of symp-
toms. Management consists of both relief of the
obstructive symptoms and treatment of the under-
lying malignancy (Table 4.1). Most data regard-
ing management of SVCS come from case series
as there have not been many randomized con-
trolled trials; such studies comparing manage-
ment options for patients with SVCS/SMS have
had difficulty accruing patients (Wilson et al.
2007b). Elevation of the head of the bed can
assist in venous drainage and decreasing edema
(Cheng 2009). All IV lines should be placed in
the lower extremities, so as to prevent further
raised hydrostatic pressure in the SVC. Loop
diuretics are sometimes used, although it is
unclear whether these agents have a significant
effect on the rate of clinical improvement
(Schraufnagel et al. 1981). In patients with SVC
obstruction resulting from intravascular thrombosis
associated with an indwelling catheter, removal
of the catheter should be strongly considered.

Sedation should be avoided as much as possi-
ble, as sedative medications result in reduced
respiratory drive and relaxation of bronchial
muscles. When a biopsy is required, obtaining
tissue under local anesthesia should be the goal.
The indicators of risk for general anesthesia in
such patients are controversial. Large retrospec-
tive reviews have not identified any single clini-
cal sign or test that can accurately predict which
patients with a mediastinal mass will experience
complications under general anesthesia (Hack
et al. 2008). Patients with stridor, orthopnea,
wheezing, SVC obstruction, CNS symptoms,
pericardial effusion, tracheal or bronchial com-
pression >50-70 %, pulmonary artery outflow
obstruction, or peak expiratory flow rate (PEFR)
of <50 % are considered to be at higher anes-
thetic risk (Hack et al. 2008). Others have sug-
gested that PEFR and tracheal cross-sectional
area seem to be the most reliable criteria in iden-
tifying children at greatest risk for anesthetic
complications, and that if both the PEFR and the
tracheal cross-sectional area are >50 % of pre-
dicted values general anesthesia can be adminis-
tered safely (Ricketts 2001). If general anesthesia
is considered necessary, spontaneous ventilation
should be maintained if possible.

As lymphoma and leukemia are among the
most common causes of a mediastinal mass and
resultant SVCS in children, many centers recom-
mend delaying diagnostic biopsy in symptomatic
patients for 24-48 h while emergent corticoste-
roids or radiation are given in an effort to shrink
the tumor size. However, there is concern that
such pretreatment can distort cellular morphol-
ogy and thereby adversely affect the ability to
make a histologic diagnosis (Ferrari and Bedford
1990). Retrospective reviews have found that
pre-biopsy steroid or radiation treatment caused
delay or failure of definitive diagnosis or staging
in a minority of children; fortunately many of
these patients who were empirically treated did
well and have remained disease-free at last fol-
low-up (Loeffler et al. 1986; Borenstein et al.
2000). In an effort to preserve tumor histology
for diagnostic purposes, radiation oncologists
should attempt to spare radiation to a limited por-
tion of the tumor, with the later goal of obtaining
untreated biopsy tissue from that region. This
limited “postage stamp” approach to the radia-
tion field is also used to safely treat various types
of tumors (Slotman et al. 1996; Hayakawa et al.
1999). Alternate tissue sources from which to
make the diagnosis should be considered when
possible, including pleural or pericardial effu-
sions and enlarged palpable lymph nodes (see
Sect. 4.2.2.3). Ultimately, the decision to treat
such a patient prior to obtaining tissue for biopsy
should depend on the patient’s clinical status and
severity of cardiorespiratory symptoms.

Pericardial Effusion
and Cardiac Tamponade

4.3

Pericardial effusions are common in adult
malignancy, with some series reporting this con-
dition in up to one-third of patients with cancer
(Wilkes et al. 1995; McCurdy and Shanholtz
2012). Such effusion can be caused by direct
tumor invasion into the pericardium or, rarely, by
metastases from other locations. While fre-
quently asymptomatic, severe cases can lead to
compression of the heart chambers and cardiac
tamponade (Medary et al. 1996).



4 Cardiopulmonary Emergencies

63

4.3.1 Pathophysiology

The pericardium is composed of a serous layer of
mesothelial cells adherent to the surface of the
heart and a fibrous parietal layer formed by
the pericardium and reflecting back on itself. The
space between these two layers contains up to
50 mL of fluid which serves as a lubricant. Excess
fluid can accumulate in this space without affect-
ing the pericardial pressure until it reaches the
volume that begins to distend the pericardium,
termed the pericardial reserve volume. Once this
reserve volume is reached, pressure begins to rise
sharply due to the relative inextensibility of the
pericardium. The heart is then forced to compete
with the increased pericardial contents for the
fixed intrapericardial volume which in turn leads
to an impaired filling of the cardiac chambers and
hemodynamic compromise. This compression of
the heart due to the pericardial accumulation of
fluid is termed cardiac tamponade and can be life
threatening (Spodick 2003).

4.3.2 Clinical Presentation
and Diagnosis

4.3.2.1 History and Physical Exam
Small pericardial effusions are frequently asymp-
tomatic (Maher et al. 1996). The amount of peri-
cardial fluid that causes tamponade is related to
the rate of fluid accumulation. Rapidly accumu-
lating effusions can cause symptoms with as little
as 200 mL of fluid, whereas if fluid accumulates
over weeks to months, the pericardial tissue can
stretch and may hold >2 L or more before tam-
ponade develops (Karam et al. 2001). In the case
of malignancy, the onset is more often insidious.
The most common presenting symptom is
exertional dyspnea (Wilkes et al. 1995). Other
symptoms include cough, chest pain, dysphagia,
hoarseness and hiccups (Karam et al. 2001). The
most common sign is pulsus paradoxus, which is
defined as a decrease in systolic blood pressure of
more than 10 mmHg during inspiration.
Tachycardia is frequently seen. The -classic
description of cardiac tamponade is Beck’s triad:
hypotension, increased jugular venous pressure

and quiet heart sounds. However, this is seen
mostly in rapidly forming effusions and acute
tamponade, and only infrequently in patients with
chronic pericardial effusion (Tseng et al. 1999).

4.3.2.2 Imaging and Other Studies

The presence of a pericardial effusion can be
suspected based on chest radiograph findings
which classically show an enlarged cardiac sil-
houette. The classic appearance of a “water
bottle heart” that is globular in appearance is a
sensitive but nonspecific finding (Fig. 4.1).
An electrocardiogram may reveal low-voltage
waveforms and less frequently electrical alter-
nans, a condition where consecutive QRS
complexes alternate in height between beats
(Karam et al. 2001). Echocardiography, how-
ever, has become the preferred diagnostic test
for assessing pericardial effusion and cardiac
tamponade. It should be ordered when there is a
significant pericardial effusion suspected, as it
can not only define the size and location of an
effusion but also assess the hemodynamic sig-
nificance and help guide pericardiocentesis
(Tseng et al. 1999).

4.3.3 Treatment

The timing and type of treatment for pericardial
effusion depend on the severity of symptoms

Fig.4.1 Enlarged (“water bottle”) silhouette of the heart
on chest radiograph in a patient with pericardial effusion
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(Table 4.1). If the effusion is asymptomatic,
continued close observation for hemodynamic
complications is required but the effusion gen-
erally resolves with treatment of the underlying
malignancy (Bashir et al. 2007). In the case of
tamponade or if the pericardial effusion is oth-
erwise hemodynamically significant, the fluid
shouldbedrained emergently. Pericardiocentesis
under echocardiographic guidance is the ther-
apy of choice and has been shown to be a safe
and effective treatment for pediatric oncology
patients with symptomatic pericardial effusion
or tamponade (Medary et al. 1996). In addition
to relieving symptoms related to the effusion,
this procedure can be used to determine the eti-
ology of a malignant effusion. As the recur-
rence rate of pericardial effusions after initial
drainage can be as high as 50 %, consideration
should be given to introducing an indwelling
pigtail drainage catheter at the time of pericar-
diocentesis to allow for prolonged drainage
(Tsang et al. 1999). Surgical management of
malignant pericardial effusion should be reserved
for the rare case that cannot be controlled by
this method (Maher et al. 1996). In the case of
acute cardiac tamponade, the patient should
receive volume resuscitation to elevate intra-
cardiac pressures to greater than pericardial pres-
sures. Mechanical ventilation with positive
airway pressure should be avoided in these
patients because it can further decrease cardiac
output (Spodick 2003).

4.4  Pleural Effusion

A pleural effusion is a collection of fluid that
accumulates between the visceral and parietal
pleurae. Excessive amounts of such fluid can
impair breathing by limiting lung expansion dur-
ing ventilation. In the pediatric population, the
most common cause of a pleural effusion is an
underlying pneumonia, followed by congenital
heart disease and less commonly malignancy
(Beers and Abramo 2007). Severe cases can lead
to significant respiratory compromise and may
require emergent management.

4.4.1 Pathophysiology

The pleural space is bordered by the parietal
pleura which covers the inner surface of the tho-
racic cavity and the visceral pleura which covers
the lung surfaces. Like the pericardial space,
there is normally a small amount of lubricating
fluid between these two layers, but this fluid can
increase secondary to underlying pathology.
Pleural effusions are classified as either transu-
dates or exudates. Exudates are typically of infec-
tious etiology and result from inflammation on
the pleural surface. Transudates, on the other
hand, are generally of noninfectious etiology and
result from an imbalance between the rate of
pleural fluid formation and its reabsorption as the
distribution of hydrostatic and oncotic pressure
across the pleura is altered.

Malignancy can cause pleural effusion in a
number of different ways. A malignant pleural
effusion is defined by the presence of cancer cells
in the pleural space. This can result from direct
extension of tumor cells from an adjacent cancer
(such as cancers of the chest wall, lung or breast),
hematogenous metastases to the parietal pleura,
or invasion of the pulmonary vessels with embo-
lization of tumor cells to the visceral pleural.
Tumor deposits spread along the pleural mem-
branes and obstruct lymphatic stomata (small
openings of lymphatic capillaries on the free sur-
face of the mesothelium), thereby impairing the
drainage of intrapleural fluid. In addition, pleural
tumor deposits stimulate the release of cytokines
that lead to increased vascular and pleural mem-
brane permeability (Das 2006). Malignancy can
also cause pleural effusions indirectly. Such effu-
sions can result from mediastinal lymph node
tumor infiltration, superior vena cava syndrome,
bronchial obstruction, or decreased oncotic pres-
sure and are termed paraneoplastic or paramalig-
nant effusions (Rice et al. 2006; Heffner and
Klein 2008). Paraneoplastic pleural effusions are
seen in up to 30 % of adult patients with lym-
phoma. Most effusions seen with Hodgkin dis-
ease are paraneoplastic and result from thoracic
duct obstruction, while most effusions seen with
non-Hodgkin lymphoma develop as a direct
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result of pleural infiltration with tumor cells (Das
20006). Pleural effusions can be the initial presen-
tation of a malignancy, a delayed complication in
a patient with a known malignancy or the first
sign of tumor recurrence following therapy
(Heffner and Klein 2008).

4.4.2 Clinical Presentation
and Diagnosis

4.4.2.1 History and Physical Exam

Many patients with small pleural effusions are
asymptomatic. Larger effusions can cause respi-
ratory signs and symptoms such as tachypnea,
cough, dyspnea, orthopnea and retractions. Fever
may also be present. Patients can develop pleu-
ritic chest pain which is often described as sharp
and worse with deep inspiration. Physical exami-
nation often reveals decreased or absent breath
sounds on the side of the effusion, dullness on
chest percussion and egophony. It should be
noted that these physical findings are not always
seen in infants (Beers and Abramo 2007).

4.4.2.2 Imaging Studies

When a pleural effusion is suspected, a chest
radiograph is the first study to obtain. In the
adult, about 200 mL of fluid must be present to
be visible on a PA view, while just 50 mL will
cause costophrenic blunting on the lateral view
(Blackmore et al. 1996). A lateral decubitus
chest radiograph can help establish whether the
effusion is free flowing or loculated; free-
flowing fluid will layer out in a dependent fash-
ion when the affected side is placed down.
Ultrasonography is useful to distinguish solid
versus liquid lesions and to evaluate for the
presence of loculations. CT is helpful in visual-
izing the underlying lung parenchyma and can
also help visualize loculations although not with
the same degree of certainty as ultrasound
(Cassina et al. 1999). Magnetic resonance imag-
ing (MRI) provides better imaging of soft tis-
sues than chest CT and can detect tumor invasion
into the chest wall and diaphragm (Lorigan and
Libshitz 1989).

4.4.3 Treatment

Treatment of a pleural effusion depends on the
size of the effusion and patient symptoms; not all
effusions require drainage (Table 4.1). If the
patient is symptomatic, pleural aspiration (thora-
centesis) can be both diagnostic and therapeutic.
When done under ultrasound guidance, this
procedure is associated with a low complication
rate (Jones et al. 2003). Once obtained, the fluid
should be analyzed to determine whether it is a
transudate or exudate. Transudates are generally
pale yellow and serous in appearance and have
lower protein and lactate dehydrogenase
(LDH) concentrations compared with the serum.
Exudates are more often cloudy or frankly puru-
lent and contain protein and LDH concentrations
that are greater than 50 % and 60 % of the serum
concentrations respectively. A milky color to the
fluid suggests a chylothorax, and triglyceride and
cholesterol levels should be measured in these
cases. When malignancy is suspected, the fluid
should be sent for cytology as diagnosis has been
shown possible in up to 65 % of cases in adults
(Ong et al. 2000). The fluid can also be used to
look for tumor markers such as a-fetoprotein
(AFP), f-human chorionic  gonadotropin
(B-HCG) and others, depending on the type of
tumor suspected. Flow cytometry and cytogenet-
ics can also be performed on the pleural fluid
(Das 2006).

Care must be taken when performing thora-
centesis as the removal of large volumes of pleu-
ral fluid can lead to reexpansion pulmonary
edema (RPE). RPE occurs when atelectatic lung
regions are rapidly expanded beyond their capac-
ity to reinflate, thus causing alveolar capillary
injury. It has been suggested that intrapleural
pressure be monitored during thoracentesis
and the procedure discontinued when a certain
threshold pressure has been reached or 1 L of
fluid has been removed, but this is controversial.
Others suggest that patients’ symptoms during
the procedure correlate with intrapleural pres-
sure and that RPE can be avoided if thoracente-
sis is discontinued when patients experience
nonspecific chest discomfort (Jones et al. 2003;
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Feller-Kopman et al. 2006). Patients with
malignancy-related pleural effusions and recal-
citrant tumors may experience reaccumulation
of fluid and recurrence of symptoms within
30 days following thoracentesis; therefore, the
placement of an indwelling catheter should be
considered to allow for prolonged drainage and
longer-term relief of symptoms in such cases.
Once the diagnosis of a new or recurrent malig-
nancy is made, tumor-specific therapy should be
initiated, as possible.

If the pleural effusion is complicated or has
evolved to an empyema (an effusion that
becomes infected), further intervention may be
warranted. Fibrinolytic agents have been shown
to be effective therapy in loculated pleural effu-
sions in the pediatric population (Thomson et al.
2002; Cochran et al. 2003). These work by
decreasing fibrinous strands and reopening pleu-
ral pores blocked by fibrinous debris, thereby
increasing the reabsorption of pleural fluid.
Intrapleural streptokinase and urokinase have
been used in the past but carry a risk of hyper-
sensitivity reactions. Many centers are now
administering intrapleural tissue plasminogen
activator (tPA) to assist with drainage of locu-
lated pleural effusions in pediatric patients
(Feola et al. 2003). When chest tube drainage
and fibrinolytics have failed to alleviate a com-
plicated effusion, more invasive surgical inter-
vention is required. Video-assisted thoracoscopic
surgery (VATS) is generally considered the pro-
cedure of choice for early organizing empyemas
as it is less invasive than thoracotomy and has
been shown to have significant success. For more
advanced organizing empyemas, thoracotomy
with decortication remains the treatment of
choice (Cassina et al. 1999).

In select patients with refractory and severe
recurrent effusions, pleurodesis may be consid-
ered. In pleurodesis the pleural space is artificially
obliterated by injecting an irritant (such as talc)
into the pleural space thus creating inflammation
that then tacks the two pleura together. This per-
manently obliterates the pleural space and pre-
vents reaccumulation of fluid. Pleurodesis is most
often used in adults with advanced-stage cancer
but has been shown beneficial in pediatric onco-

logy patients with intractable effusions as part of
palliative end of life care (Hoffer et al. 2007).

4,5 Hypertensive Emergencies

Severe hypertension has been noted in pediatric
oncology patients with neuroblastoma, renal
tumors including Wilms tumor and rhabdoid
tumor, and, rarely, non-Hodgkin lymphoma
involving the kidney, pheochromocytoma, and
paraganglioma (Manger and Gifford 2002; Madre
et al. 2006). Hypertension can be secondary to
catecholamine release in neuroblastoma, pheo-
chromocytoma or paraganglioma, from renal
parenchymal tumor involvement, from compres-
sion of the renal arteries, or from renal vein
thrombosis (Madre et al. 2006). Hypertensive
emergency is generally seen secondary to cate-
cholamine release and is a rare finding in neuro-
blastoma (Manger and Gifford 2002, Seefelder
et al. 2005). Pheochromocytoma and paragangli-
oma are rare catecholamine-producing tumors of
chromaffin cells that produce catecholamines
which cause some degree of hypertension in most
cases (Manger and Gifford 2002). When there is a
rapid and marked release of catecholamines, a
hypertensive crisis can be precipitated which can
be life threatening if not treated emergently.

4.5.1 Pathophysiology

Tumor secretion of catecholamines is responsible
for the majority of signs and symptoms associated
with pheochromocytoma. These tumors usually
secrete predominantly norepinephrine, but in some
cases epinephrine and rarely dopamine
are secreted. Patients with neuroblastoma and
severe hypertension have been similarly noted to
have release of norepinephrine and dopamine
(Seefelder et al. 2005). Some pheochromocytomas
secrete catecholamines intermittently and cause
paroxysmal hypertension, while others constantly
secrete catecholamines and cause sustained hyper-
tension. Physiologically, norepinephrine increases
peripheral vascular resistance with a consequent
increase in both systolic and diastolic blood
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pressure. Epinephrine increases cardiac output and
systolic blood pressure but has no major effect on
diastolic blood pressure (Prejbisz et al. 2011).

Hypovolemia also occurs in the majority of
patients, primarily those with sustained hyperten-
sion. In addition, many peptide substances have
been identified in these tumors, including vasoac-
tive intestinal peptide (a potent vasodilator), neu-
ropeptide Y (a potent vasoconstrictor), calcitonin,
serotonin and others.

4.5.2 Clinical Presentation
and Diagnosis

4.5.2.1 History and Physical Exam

Patients with pheochromocytoma typically have
“attacks” precipitated by hypercatecholaminemia,
and these can occur as often as several times daily.
Attacks tend to occur abruptly and subside slowly
and are often precipitated by palpation of the
tumor, postural changes, exertion, anxiety, pain,
or ingestion of certain drugs or foods containing
tyramine.

During paroxysmal hypertension, headaches
are common and are usually severe and throbbing.
They are often accompanied by nausea and
vomiting. Palpitations with tachycardia occur
frequently as does generalized sweating. Many
patients experience acute anxiety with fear of
impending death. Other symptoms include tremu-
lousness, pain in the chest, abdomen, lower back or
groin, weakness, fatigue, severe weight loss, and
heat intolerance (Manger and Gifford 2002).

4.5.2.2 Laboratory Studies

The diagnosis of pheochromocytoma is best made
by measuring plasma free metanephrines or
catecholamines and 24 h urine fractionated
metanephrines. Urinary catecholamines, total
metanephrines and vanillylmandelic acid (VMA)
measurements are less reliable in pheochromo-
cytoma as compared to neuroblastoma. Rarely
patients with essential or neurogenic hypertension
will have moderate elevations of plasma catechol-
amines. In these cases the clonidine suppression
test is used to differentiate etiologies of hyperten-
sion. Clonidine suppresses sympathetic nerve

activity and plasma norepinephrine by >50 % in
patients with neurogenic hypertension, but not in
patients with pheochromocytoma. This is because
the catecholamine release from pheochromocy-
toma is believed to be “autonomous” and not
responsive to the normal physiological suppres-
sive effect of clonidine (Karlberg et al. 1986).

4.5.2.3 Imaging Studies

When the clinical presentation and laboratory
studies are suggestive of pheochromocytoma,
imaging is necessary to establish the tumor
location. CT identifies 95 % of adrenal pheochro-
mocytomas that are >1 cm and about 90 % of
extra-adrenal abdominal locations >2 cm.
However, MRI is more sensitive and specific than
CT for detecting these tumors. MIBG (I-meta-
iodobenzylguanidine) scanning is highly specific
for diagnosis and localization as this radiophar-
maceutical agent concentrates in approximately
85 % of pheochromocytomas. It can be especially
helpful in detecting metastases, very small
tumors or those in unusual extra-adrenal loca-
tions. Additionally, bone scanning with techni-
tium-99m may demonstrate metastatic lesions
missed by MIBG (Manger and Gifford 2002).

4.5.3 Treatment

In the case of very severe hypertension, immedi-
ate and proper antihypertensive therapy is needed
(Table 4.1). There are no official guidelines, but
consensus recommends phentolamine as a rapid
IV Dbolus. Phentolamine is a nonselective
a-adrenergic antagonist and works primarily by
causing vasodilation by «; blockade. It has a short
half-life so may need to be repeated at 5 min inter-
vals until hypertension is adequately controlled. It
can also be given as a continuous infusion, with
the infusion rate adjusted for the patient’s blood
pressure. Alternatively, sodium nitroprusside can
be given by continuous infusion. This agent is
broken down to release nitric oxide in the circula-
tion which initiates a cascade of reactions result-
ing in vascular smooth muscle relaxation and
vasodilation. p-blocking agents should not be
used initially as this can result in unopposed stim-
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ulation of a-adrenoreceptors thereby leading to a
rise in blood pressure (Boutros et al. 1990; Manger
and Gifford 2002; Darr et al. 2012).

If hypertension is less severe, treatment should
include an a-blocking agent that can be given
orally, such as doxazosin. Calcium channel
blockers have also been used successfully in
these patients, although diltiazem fails to prevent
uncontrolled blood pressure during surgery for
pheochromocytoma, and verapamil has been
associated with the development of pulmonary
edema in the postsurgical period. If tachycardia
or arrhythmias are present, p-blockers such as
propranolol or atenolol are indicated after appro-
priate «-adrenoreceptor blockade (Brouwers
et al. 2003; Seefelder et al. 2005).

When marked catecholamine release is antic-
ipated (such as with direct manipulation of
tumor during surgery), caution must be taken to
prevent hypertensive crises. The patient must be
prepared using pharmacological blockade of
a-adrenoreceptors, ideally with phenoxybenza-
mine (Seefelder et al. 2005). Phenoxybenzamine
is usually given at a starting dose of 10 mg twice
a day (or 0.2 mg per kg per day in pediatric
patients), and then gradually increased up to
0.4-1.2 mg per kg per day, divided into 3—4
separate doses. With this regimen adequate
a-receptor blockade is generally achieved
within 14 days. Once a-blockade is achieved,
B-blockade is added to prevent reflex tachycar-
dia. Atenolol is frequently used in this scenario
(Witteles et al. 2000; Brouwers et al. 2003).

4.6 Pulmonary Leukostasis

Hyperleukocytosis is defined as a white blood cell
(WBC) count >100x 10°/L and is associated with
increased morbidity and mortality in patients with
acute myelogenous leukemia. Hyperleukocytosis
can cause pulmonary leukostasis which may lead
to severe respiratory compromise and even death.
Pulmonary leukostasis can present with hypoxia,
dyspnea and tachypnea. Chest radiography and
CT scan often reveal bilateral parenchymal infil-
trates as well as diffuse ground glass opacities
(Piro et al. 2011). Other organs can be involved

as well, such as the CNS. Please refer to Chap. 6
for a discussion of the pathophysiology and man-
agement of hyperleukocytosis.

4.7 Summary

Cardiopulmonary  emergencies compromise
many etiologies in the broader category of onco-
logic emergencies and often present at initial
oncologic diagnosis. The practitioner must be
aware of potential tumor pathology that can lead
to such emergent situations and how best to
manage such patients during the acute period.
The evidence basis for management in these cir-
cumstances is often based on best practice and
consensus statements rather than controlled trials
as it is difficult to conduct interventional trials in
such emergency situations.
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Abstract

Neurologic complications of cancer and
cancer therapy are common and can arise rap-
idly in pediatric oncology patients. Some of
these complications can present as emergent
situations that require rapid diagnosis and
treatment; familiarity with these conditions
and a low index of suspicion are absolutely
necessary in caring for such patients. The
emergencies of spinal cord compression, acute
alteration in mental status, increased intracra-
nial pressure and stroke are addressed in this
chapter. Specific attention is given to the acute
neurotoxic effects of common chemothera-
peutic agents. In addition to background
regarding possible etiologies that are unique
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to the child with cancer, the evidence bases for
diagnostic steps and management are dis-
cussed. This chapter provides the necessary
framework to recognize potential neurologic
emergencies in pediatric oncology patients
and highlights when to utilize a multidisci-
plinary team approach including pediatric
oncologists and neuro-oncologists, intensiv-
ists, neurologists, radiation oncologists, and
neurosurgeons to provide optimal care.

5.1 Introduction

Neurologic complications of cancer and cancer
therapy are common and can arise rapidly in
pediatric oncology patients. Some of these com-
plications can present as emergent situations
that require rapid diagnosis and treatment;
familiarity with these conditions and a low
index of suspicion are absolutely necessary in
caring for such patients. The emergencies of
spinal cord compression, acute alteration in
mental status, increased intracranial pressure
and stroke are addressed in this chapter. Specific
attention is given to the acute neurotoxic effects
of common chemotherapeutic agents. In addi-
tion to background regarding possible etiologies
that are unique to the child with cancer, the evi-
dence bases for diagnostic steps and manage-
ment are discussed and graded (Table 5.1). This
chapter provides the necessary framework to
recognize potential neurologic emergencies in
pediatric oncology patients and highlights when
to utilize a multidisciplinary team approach
including pediatric oncologists and neuro-
oncologists, intensivists, neurologists, radiation
oncologists, and neurosurgeons to provide opti-
mal care.

5.2  Spinal Cord Compression

Compression of the spinal cord can be caused by
mass effect from either extradural or intradural
tumors. Presenting symptoms can initially be
nonspecific, and the diagnosis can be missed if
the index of suspicion on the part of the examiner

is not sufficiently high. Cord compression may
herald a new diagnosis of cancer, be a sign of
treatment failure or relapse, or indicate a compli-
cation of treatment such as a post-lumbar punc-
ture hematoma. In addition to spinal cord
compression, this section describes conus medul-
laris and cauda equina syndromes.

5.2.1 Presentation

Back pain is a presenting symptom in 80-90 % of
patients presenting with malignant spinal cord
compression (Pollono et al. 2003). In patients old
enough to describe their symptoms, this pain is
classically radicular, radiating to the legs, sharp,
and described as electric. Non-radicular pain may
be also reported. However, younger patients may
not be able to localize pain or provide any
description of its quality.

Weakness is present in similar numbers of
patients at presentation, but again can be diffi-
cult to elicit in the young child. Increased
“clumsiness,” particularly affecting gait, or
refusal to walk, can be manifestations of neuro-
logic weakness. In patients who are able to
comply with examination, localization of the
weakness can help identify the level of com-
pression (Table 5.2). Weakness may initially be
flaccid, with subsequent hyperreflexia in
extremities distal to the site of compression.
Compression at the level of the cauda equina
causes absent reflexes due to the peripheral
nature of the injury.

Isolated bowel or bladder dysfunction with
perineal anesthesia suggests compression of
either the conus medullaris or cauda equina,
but sympathetic denervation from a higher
compression can reproduce symptoms of uri-
nary retention. A history of progressive consti-
pation or abdominal pain with a full bladder
should therefore warrant further investigation.
Sensory changes (paresthesias or anesthesia)
should be carefully investigated to determine
patterns of distribution. The presence of any
sensory level of such findings is a very con-
cerning sign and can additionally help localize
a lesion.
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Table 5.1 Summary of recommendations for management of neurologic emergencies?
Level of
Clinical scenario Recommendations evidence®
Spinal cord compression Corticosteroids: decadron 1-2 mg/kg (max 10 mg) followed by 1C
0.25-0.5 mg/kg (max 4 mg) Q6h—may complicate ability to make a
diagnosis
Surgery: rapid progression of symptoms or total plegia are indications 1B
for emergent surgical management
Radiation therapy: radiosensitive tumors (i.e., lymphoma, leukemia) 1C
while leaving additional diagnostic sites; patients who are too unstable
for surgery; for palliation
Altered mental status Workup to include structural, metabolic and infectious causes 1C
Antiepileptics (benzodiazepines first-line) for acute seizure 1B
management with AMS
Hypertonic saline for seizures secondary to hyponatremia, then slow 1B
correction to avoid central pontine myelinolysis
Increased intracranial pressure  Acute evaluation and management of airway, breathing and circulation 1C
in the intensive care setting
Consideration for intubation 1C
Elevate head of bed IC
Treatment of hyperthermia with antipyretics and cooling 1C
Head CT or MRI prior to LP 1C
Measurement of LP opening pressure 1B
Consideration for hyperosmolar therapy with mannitol or hypertonic ~ 1C
saline
Cerebrovascular accident MRI preferred over CT; CT can be done acutely to rule out 1C
hemorrhage
Treatment with a specialized team including pediatric stroke specialist, 1C
neurosurgeon, interventional radiologist
Permissive hypertension in ischemic stroke 1C
tPA if no contraindications in ischemic stroke 2C
Assessment for underlying prothrombotic state 2C
Neurosurgical intervention for hemorrhagic stroke 1C
Assessment of coagulopathy and FFP therapy if coagulopathic 1C
Utilization of recombinant factor VII in hemorrhagic stroke 2C
Sinovenous thrombosis Measurement and repletion of antithrombin (with pooled or 1B
secondary to asparaginase recombinant product) and plasminogen
therapy Repletion of fibrinogen with cryoprecipitate to normal levels (i.e., 1C
>150 mg/dL)
Anticoagulation if without a severe hemorrhagic component (i.e., 1C
unfractionated heparin)
Reinstitution of asparaginase after recovery 1B
Prophylaxis with antithrombin is not currently recommended 2C
Neurosurgery Prophylactic antiepileptics after neurosurgical intervention 2C
IT neurotoxicity Dextromethorphan in the acute phase of IT MTX neurotoxicity 2C
Aminophylline in the acute phase of IT MTX neurotoxicity 2C
Leucovorin rescue for patients who have had IT MTX neurotoxicity 2C
in the past
Rechallenging with IT MTX or substituting with IT HC/Ara-C for 2C
future IT therapy
Ifostamide-induced Methylene blue for acute treatment or future prophylaxis if with IIE 2C
encephalopathy Thiamine for acute treatment or future prophylaxis if with IIE 2C

(continued)
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Table 5.1 (continued)

Level of
Clinical scenario Recommendations evidence®
Posterior reversible Acute seizure management (if present) as above 1B
encephalopathy syndrome Controlling of blood pressure with calcium channel blockers or 1B
B-blockers
MRI imaging with FLAIR and DWI 1B

AMS altered mental status, CT computed tomography, MRI magnetic resonance imaging, LP lumbar puncture, ¢PA tis-
sue plasminogen activator, FFP fresh frozen plasma, IT intrathecal, MTX methotrexate, HC hydrocortisone, /IE
ifosfamide-induced encephalopathy, FLAIR fluid attenuated inversion recovery, DWI diffusion-weighted imaging

aSee text for full detail
"Per Guyatt et al. (2006); see Preface

Table 5.2 Localization of spinal cord compression by
weakness

Nerve Muscle action and deep tendon reflexes
roots (DTRs)

C3-C5 Diaphragmatic excursion

C5-C6 Biceps and brachioradialis DTRs
C6-C7 Triceps DTR

C8-T1 Hand function

L2-L3 Hip flexion

L3-L4 Patellar DTR

L4-L5 Ankle dorsiflexion

L5-S1 Knee flexion

S1-S2 Ankle plantarflexion; S1 mediates Achilles

DTR

5.2.2 Differential Diagnosis

Cord compression can be the presenting feature
of a new malignancy and patients may have either
acute or subacute presentations. Of tumors aris-
ing from the extradural space, paravertebral
Ewing sarcoma is the most frequent malignancy
to cause cord compression (Klein et al. 1991;
Pollono et al. 2003). Neuroblastoma can also
present with cord compression given their origin
in the prevertebral sympathetic chain. While less
common, primary or metastatic vertebral bone
lesions such as osteosarcoma or Langerhans cell
histiocytosis have also been associated with cord
compression. Pathologic fracture complicating a
primary bone lesion may cause the presenting
symptoms. Both acute lymphoblastic leukemia
(ALL) and acute myelogenous leukemia (AML)
can present with extramedullary disease that can
cause cord compression. Discrete masses com-
posed of leukemic cells (chloromas or

granulocytic sarcomas), are more commonly
observed in AML than ALL (Mantadakis et al.
2008; Olcay et al. 2009; Isome et al. 2011). Both
Hodgkin and non-Hodgkin lymphoma can simi-
larly lead to cord compression through direct
mass effect (Acquaviva et al. 2003; Daley et al.
2003; Gupta et al. 2009).

Intraspinal tumors in children (Fig. 5.1) are
most commonly gliomas or ependymomas
(Huisman 2009; Benesch et al. 2010). Drop
metastases from posterior fossa tumors, most
notably primitive neuroectodermal tumors
(PNET; medulloblastoma), can also cause cord
compression. Patients with neurocutaneous syn-
dromes such as neurofibromatosis type-1 (NF-1)
and NF-2, von Hippel-Lindau disease, and tuber-
ous sclerosis warrant special consideration when
presenting with signs of spinal cord compression
given their propensity for various intraspinal
tumors such as malignant peripheral nerve sheath
tumor, ependymoma, hemangioblastoma and
astrocytoma, respectively.

In the patient with known tumor, new symp-
toms of cord compression should raise concern
for development of metastatic disease. Patients
who have recently undergone a lumbar puncture,
particularly in the setting of low platelets or
coagulopathy, are at risk for an epidural hema-
toma that may require emergent evacuation. A
potential mimic of cord compression in the pedi-
atric oncology patient is acute onset transverse
myelitis. This entity can present with symptoms
of weakness, bowel and bladder dysfunction, and
a sensory level, magnetic resonance imaging
(MRI) may demonstrate inflammatory changes
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Fig.5.1 Intraspinal glioma. This 10-year-old patient pre-
sented with several weeks of progressive bilateral lower
extremity weakness. The TIl-weighted gadolinium-
enhanced MRI shown in Panel a demonstrates a cystic
mass (“M”) in the upper thoracic spinal cord. The

within the cord, but no compressive mass.
Transverse myelitis has been reported in patients
following either intrathecal or high-dose intrave-
nous cytarabine (Schwenn et al. 1991).

5.2.3 Management

The first step in managing a patient with sus-
pected cord compression is involvement of a
multidisciplinary team including neurosurgery,
neurology, oncology, intensivists and radiation
oncology. Frequent monitoring for progression
of symptoms is vital, as this can rapidly change
the therapeutic plan. Initial steps should be aimed
at verifying the diagnosis and attempting to alle-
viate compressive symptoms medically while a
more definitive treatment plan is formulated.

5.2.3.1 Imaging

MRI of the spine can help narrow the differential
diagnosis, allow for surgical planning and identify
potential sites of multifocal disease. The entire
spine should be imaged with pre- and post-

T2-weighted image in Panel b highlights the development
of syrinx (“*S”), seen as bright cerebrospinal fluid in this
sequence, cranial to the mass. Pathology from a biopsy
specimen taken at the time of diagnosis was consistent
with pilocytic astrocytoma

gadolinium contrast to maximize yield. Brain
imaging may also be warranted if the lesions are
suspicious for drop metastases or if the patient
presents with signs or symptoms of increased intra-
cranial pressure such as headache, emesis, hyper-
tension with bradycardia, or cranial nerve palsies.

5.2.3.2 Corticosteroids

Steroid treatment is employed to relieve any
vasogenic edema that may be contributing to
cord compression. In the case of ALL and
lymphoma, corticosteroids also have a direct
antitumor effect that may benefit the patient in
the short term, but ultimately make diagnosis of
the underlying malignancy much more challeng-
ing. If a hematopoietic malignancy is likely, ste-
roids should be given only when urgent diagnostic
procedures have been scheduled (e.g., bone mar-
row aspiration and biopsy, lymph node excisional
biopsy).

Outside of this scenario, the benefits of
steroids are thought to outweigh their risks and
are routinely used when cord compression is
diagnosed, although clinical trials in children are
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lacking. In adults there is no evidence supporting
high-dose dexamethasone; an initial dose of
1-2 mg/kg (max 10 mg) followed by 0.25-
0.5 mg/kg (max 4 mg) every 6 h can be considered
while awaiting further therapy (Kaal and Vecht
2004; Loblaw et al. 2005; George et al. 2008).

5.2.3.3 Surgery

Surgery in spinal cord compression can be uti-
lized for tumor debulking with spinal cord stabi-
lization or for diagnostic biopsy in the highly
chemotherapy- or radiotherapy-sensitive tumor.
Prospective studies in adult patients with cord
compression have favored early laminectomy
and debulking over radiation therapy alone
although more recent retrospective studies have
called this into question (Patchell et al. 2005;
Rades et al. 2010). Laminectomy in the young
child can lead to spinal deformities requiring
future surgical intervention and therefore pediat-
ric retrospective studies argue against an early
surgical approach (Parikh and Crawford 2003).
Recovery from surgery can also lead to delays in
instituting definitive chemoradiotherapy.

An early case series from St. Jude Children’s
Research Hospital suggested that initial debulk-
ing is warranted for sarcomas, whereas biopsy
with chemotherapy or radiotherapy should be
considered for patients with neuroblastoma, germ
cell tumors and lymphomas (Klein et al. 1991).
Patients presenting with rapid evolution of symp-
toms or complete loss of motor function were
treated with urgent surgical decompression
regardless of tumor histology. Smaller case series
have supported the use of initial chemotherapy in
neuroblastoma, Ewing sarcoma and germ cell
tumors (Hayes et al. 1984). A study of 76 chil-
dren with neuroblastoma from Italy found no dif-
ference in the success rates of chemotherapy,
radiotherapy or surgical debulking in improve-
ment of neurological signs, but noted that patients
receiving radiotherapy or surgical debulking all
went on to receive additional therapy for cord
compression, whereas chemotherapy patients did
not (De Bernardi et al. 2001). A follow-up study
from this same group also noted a higher inci-
dence of spinal deformities in the group receiving
surgical intervention with a trend towards worse

neurologic outcomes. As with the St. Jude data,
patients with rapidly progressive symptoms or
severe presentations were all treated with emer-
gent surgery, making that group much higher risk
than those treated with chemotherapy or radio-
therapy (Angelini et al. 2011). A more contempo-
rary study of 122 patients did not find any
difference in spinal outcomes in patients treated
with chemotherapy or surgery which the authors
attribute to improvement in surgical technique
(Simon et al. 2012).

In summary, each case of cord compression
warrants individual consideration before a deci-
sion to proceed with debulking or biopsy can be
made. Rapid progression of symptoms and total
plegia are indications for emergent surgical man-
agement. Spinal column instability, which war-
rants surgical intervention, will also often
necessitate surgical debulking. If the malignancy
is known to be chemotherapy sensitive (i.e.,
hematopoietic malignancies, neuroblastoma,
Ewing sarcoma, germ cell tumors), biopsy either
at the site of cord compression or at another more
easily accessible site can be considered prior to
institution of chemotherapy. The timely avail-
ability of these options may also influence the
treatment decision.

5.2.3.4 Radiation Therapy

The advantages of external beam radiation ther-
apy include rapid onset of action and minimal
invasiveness making radiation therapy an attrac-
tive option for patients who are too unstable to
be considered surgical candidates, or in the pal-
liative setting. Tumors that are radiosensitive
such as hematologic malignancies (i.e., chloro-
mas) and lymphoma may benefit from urgent
radiotherapy while leaving additional diagnos-
tic disease sites intact. Extensive metastatic dis-
ease may similarly be more amenable to
radiation therapy than a surgical approach;
when surgery is the primary therapeutic modal-
ity, adjunctive radiation may have a role in local
control.

A case series from Children’s Hospital of
Philadelphia demonstrated the benefit of
urgent radiation therapy in combination with
chemotherapy in a pediatric population with a
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variety of tumor types: of 33 patients present-
ing with cord compression, 55 % demonstrated
improvement following chemoradiotherapy
and 30 % had stabilization of their neurologic
symptoms (Bertsch et al. 1998).
Dose-dependent long-term complications
arising from radiation therapy can include future
growth complications such as scoliosis as well as
risk of secondary malignancy, particularly
meningioma (Hoffman and Yock 2009).
Stereotactic radiosurgery can deliver a single
treatment dose up to 13 Gy to localized tumors
without exceeding spinal cord tolerance; addi-
tionally, the spinal cord can tolerate high total
doses, with a risk of myelopathy of <1 % at
54 Gy in adult patients (Kirkpatrick et al. 2010).

5.2.4 Outcomes

The best predictor of outcome in multiple studies
has been the degree of neurologic disability at the
time of presentation. One large cohort study sug-
gested that only approximately 50 % of patients
with paraplegia at the time of presentation
improved despite treatment whereas close to
90 % of patients without paraplegia had improve-
ment in their symptoms (Pollono et al. 2003).
Published outcomes data are from small cohort
studies with a variety of pathologic diagnoses
and treatments, making any broad interpretation
difficult. There is a general consensus, however,
that outcomes for pediatric cord compression are
significantly better than in adult patients.

5.3  Altered Mental Status

For the purposes of this chapter, altered mental
status (AMS) includes patients with symptoms of
encephalopathy (confusion, somnolence or
coma) and those with seizures (which often,
though not always, alter the level of conscious-
ness). Although there are often distinct differen-
tial diagnoses for encephalopathy and seizure,
many conditions unique to the pediatric oncology
patient can predispose to either presentation.
Additionally, subclinical seizure is a diagnostic

consideration in any patient with altered
mentation. For these reasons, we suggest a com-
mon approach to the differential diagnosis and
initial management of such patients.

5.3.1 Presentation

Confusion or somnolence in an oncology patient
should prompt a thorough neurologic examina-
tion and review of recent medications.
Nonresponsive patients require urgent steps to
secure the airway, breathing and circulation prior
to additional diagnostic interventions. AMS may
be due to a diffuse process affecting the brain,
such as medication effect or subclinical seizure,
or be due to direct involvement of the brainstem,
increased intracranial pressure (ICP), or impend-
ing herniation. Ruling out the latter by means of
neurologic assessment is of utmost importance.
Details in the management of increased ICP are
discussed in Sect. 5.4.

5.3.2 Initial Management

The first goal in a seizing patient is to stop the
seizures. Benzodiazepines are often used as
first-line medications in this setting. Lorazepam
can be given intravenously if access is available;
otherwise intranasal, buccal, or rectal formula-
tions of diazepam or lorazepam can be
employed. It is important to anticipate and treat
the adverse effects of these medications includ-
ing respiratory depression or hypotension, as
repeated dosing may be required to halt seizure
activity. Failure to respond to benzodiazepines
(or recurrent seizures after initial response)
should prompt escalation to additional antiepi-
leptics such as phenobarbital or fosphenytoin.
Levetiracetam is another antiepileptic that has
the advantage of not inducing hepatic enzyme
activity and thus has fewer interactions with
chemotherapy. Seizures refractory to these
interventions can be treated with intravenous
loading with either valproic acid or levetirace-
tam and necessitate urgent determination of the
underlying etiology.
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Initial diagnostic workup should include
serum chemistries, especially sodium, calcium,
magnesium, phosphorus, and glucose, and head
imaging. CT is often the easiest imaging to
obtain in this setting and can rule out emergent,
life-threatening causes of seizure. If there are
concerns for cerebrovascular accident, a stroke-
protocol MRI with diffusion-weighted imaging
or magnetic resonance angiography should be
considered. The seizing oncology patient should
be managed in consultation with neurology;
early neurosurgical involvement is also impera-
tive for patients with known or suspected intra-
cranial processes.

Continuous electroencephalography (EEG)
monitoring should be strongly considered for any
patient with persistent AMS or concerns for sub-
clinical seizure. Lumbar puncture and MRI may
be indicated when the patient is stabilized to look
for evidence of progressive malignancy, infection
or demyelination. Further treatment is dependent
on the results of these initial diagnostic studies,
as discussed below.

5.3.3 Differential Diagnosis

The differential diagnosis of seizure or AMS can
be broadly divided into structural causes, includ-
ing primary CNS or metastatic disease; meta-
bolic derangements resulting in hyponatremia,
hypocalcemia or hypoglycemia; infectious com-
plications; toxic effects of chemotherapy; or
stroke (ischemic or hemorrhagic). Posterior
reversible encephalopathy syndrome (PRES) can
also present with seizure. Seizures secondary to
neurologic emergencies such as stroke are dis-
cussed in greater detail in Sect. 5.5.

5.3.3.1 Structural

Primary CNS tumors can directly lead to sei-
zures. Oligodendrogliomas and gangliogliomas
are common causes of brain tumor-induced sei-
zure, though other low-grade gliomas and dyse-
mbryoblastic neuroepithelial tumors (DNETs)
can be associated with seizures as well (Ogiwara
et al. 2010). Such low-grade lesions may be sur-
gically resected to provide relief from symptom-

atic seizures. Extracranial tumors can invade the
CNS either by direct invasion, as with parameni-
ngeal rhabdomyosarcoma, or by hematogenous
metastasis, as in Ewing sarcoma (the most com-
mon cause of pediatric CNS parenchymal metas-
tasis), extracranial germ cell tumors, and
leukemias.

Intracranial hemorrhage is another consider-
ation in the seizing patient. Intratumoral hemor-
rhage has been variably reported in adults
receiving the monoclonal antibody bevacizumab
for primary CNS tumors (Seet et al. 2011;
Khasraw et al. 2012). Certain primary childhood
CNS tumors have a high proclivity for spontane-
ous intratumoral hemorrhage due to their intrin-
sic high vascularity; notorious examples are
primary CNS choriocarcinoma, choroid plexus
carcinoma and malignant gliomas. Derangement
of the hemostatic system as seen in acute promy-
elocytic leukemia or after asparaginase therapy
can also lead to intracranial hemorrhage in a
patient without CNS disease.

Patients who have undergone resection of
CNS tumors may develop postoperative seizures.
No clear consensus exists regarding the use of
prophylactic antiepileptic therapy in the postop-
erative setting. The American Academy of
Neurology recommends tapering antiepileptic
drugs (AEDs) within the first postoperative week,
though it does not make a recommendation
regarding AED initiation due to a lack of evi-
dence even in the adult setting (Glantz et al.
2000). A retrospective study of 223 patients from
Children’s Hospital of Philadelphia found that
age younger than 2 years, supratentorial location
of tumor and postoperative hyponatremia were
the only independent predictors of postoperative
seizure (Hardesty et al. 2011). Of the 229 opera-
tions reviewed, 7.4 % of patients seized and only
4.4 % received routine postoperative AEDs
(Hardesty et al. 2011). Due to insufficient evi-
dence, the use of prophylactic AEDs should be
determined under consultation with the patient’s
neurosurgeon and intensive care team. Given the
low incidence of unprovoked postoperative sei-
zure, workup of new seizures following tumor
resection is warranted to exclude alternative
etiologies.
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5.3.3.2 Metabolic

The metabolic causes of AMS or seizure in pedi-
atric oncology are similar to other pediatric
patients: hyponatremia, hypoglycemia, and, less
frequently, hypocalcemia secondary to hyper-
phosphatemia in severe tumor lysis syndrome
(discussed in Chap. 3).

latrogenic Hyponatremia

Hyponatremia severe enough to provoke seizures
warrants urgent correction though overly rapid
correction can lead to central pontine myelinoly-
sis. The risks of this complication are greater in
chronic hyponatremia and in adult patients. A
reasonable goal is to raise the sodium by
<10 mEg/L in the first 24 h and then slowly nor-
malize the serum sodium over the next 48 h.
Hypertonic saline should be used in the seizing
patient as it allows for more rapid correction than
isotonic fluids which can be accomplished by
calculation of the sodium deficit and either a sub-
sequent fluid infusion rate or bolus therapy
(Adrogue and Madias 2000; Sterns et al. 2009;
Moritz and Ayus 2010).

Syndrome of Inappropriate Antidiuretic
Hormone (SIADH) Release

The syndrome of inappropriate antidiuretic
hormone (SIADH) secretion leads to dilutional
hyponatremia due to inappropriate resorption
of free water in the renal collecting tubules.
SIADH has a multitude of causes including
poorly understood effects of CNS or intrapul-
monary lesions as well as secondary to
chemotherapeutic agents including vincristine,
cyclophosphamide, cisplatin and melphalan
(Lim et al. 2010). The diagnosis of SIADH
relies on the combined laboratory findings of
low serum osmolarity (i.e., <290 mOsm/L)
with inappropriately concentrated urine osmo-
lality (i.e., >100 mOsm/kg).

Treatment of SIADH depends on: (1) remov-
ing the causative agent when possible; (2)
restricting free water intake to <urine output
(xinsensible losses); and (3) correction with
hypertonic saline, if indicated. Hypertonic
saline is generally avoided in patients with
asymptomatic SIADH and in those presenting

solely with AMS but may be necessary to con-
trol seizures. Free water restriction is difficult in
situations where hyperhydration is necessary to
avoid chemotherapeutic toxicity as with cyclo-
phosphamide administration. In these situa-
tions, using normal saline as opposed to
hypotonic fluids and checking serum sodium
levels frequently is warranted. Chronic SIADH
can be managed with oral urea and fluid restric-
tion (Huang et al. 2006). The oral vasopressin
receptor antagonist tolvaptan has been shown to
be effective in adult patients with paraneoplastic
SIADH, but data on broader use in cancer
patients and the safety in pediatrics are not yet
available (Kenz et al. 2011).

Cerebral Salt Wasting

Cerebral salt wasting (CSW) is a controversial
diagnosis of unclear etiology; some authors
suggest CSW does not exist or is exceedingly
rare, while others suggest it is not cerebral in
origin (Singh et al. 2002; Rivkees 2008).
Nonetheless, CSW is a consideration in the
pediatric neuro-oncology patient with hypona-
tremia and seizures. In reviewing children
recovering from craniotomy for tumor resec-
tion, Hardesty et al. (2011) found that nearly
half the patients with laboratory identified CSW
developed postoperative seizures. The main
clinical distinction between patients with
SIADH and CSW is volume status; CSW repre-
sents hypovolemic hyponatremia, while patients
with SIADH are either slightly hypervolemic or
euvolemic. As in patients with SIADH, CSW
patients will have hyponatremia, low serum
osmolarity and relatively concentrated urine
with high urine sodium excretion. The patient
with CSW will often respond to isotonic fluid
infusion, whereas normal saline frequently
worsens hyponatremia in patients with
SIADH. Correction of hypovolemia is the main
therapy in CSW. Patients with chronic hypona-
tremia may require oral supplementation with
salt tablets.

5.3.3.3 Infection
Patients receiving immunosuppressive chemo-
therapy have an increased risk for CNS infection
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which may present with AMS or seizure. Lumbar
puncture is a helpful diagnostic tool in this set-
ting, but should be deferred until the patient has
been stabilized and CT imaging performed.
Institution of broad antimicrobial coverage
should not be delayed to obtain cerebrospinal
fluid (CSF); cell counts can be informative in
non-cytopenic patients even after sterilization of
CSF and polymerase chain reaction (PCR)-based
assays for viruses can remain positive after anti-
viral therapy has been instituted.

Infectious studies should include cultures of
blood and CSF. Enterovirus, herpes simplex
virus (HSV) and human herpesvirus-6 (HHV6)
can be detected by CSF PCR. Culture or direct
fluorescence antibody (DFA) testing of oropha-
ryngeal lesions should also be considered.
Treatment with high-dose acyclovir should be
initiated urgently if viral meningoencephalitis is
suspected.

A study of 40 cases of bacterial and fungal
meningitis in pediatric oncology patients found
that recent neurosurgery or a CNS device was
present in the majority of cases (Sommers and
Hawkins 1999). Among patients without neuro-
surgical intervention, those with hematologic
malignancies and prolonged neutropenia were at
the highest risk for infection.

5.3.3.4 Chemotherapy-Associated
Neurotoxicity

Methotrexate, ifosfamide, and cytarabine (Ara-C)
are commonly used pediatric chemotherapeutic
agents that can provoke seizures and encepha-
lopathy. Transverse myelitis is a peculiar compli-
cation described following the combined
intravenous and intrathecal administration of
cytarabine. Vincristine is most commonly known
for its associated peripheral neuropathies, but
medical errors in administration have highlighted
its extreme neurotoxicity when introduced into
the CNS or given at erroneously high doses sys-
temically. Thiotepa, carmustine (BCNU) and
busulfan are myeloablative agents used at high
doses in stem cell transplant with neurologic
dose-limiting toxicities (Papadopoulos et al.
1998). Other less commonly used agents such as
nelarabine (a prometabolite of Ara-G) have simi-

larly been implicated in patients developing new
encephalopathy or seizures.

Methotrexate

Acute neurotoxicity has been described within
24 h of intravenous or intrathecal methotrexate
administration, consisting of confusion, sei-
zures, or encephalopathy. Methotrexate neuro-
toxicity is frequently self-resolving and is not
related to drug levels (Rubnitz et al. 1998). By
contrast, acute neurotoxicity following a metho-
trexate overdose can be very severe. Symptoms
include myelopathy, seizures, encephalopathy
and death from progressive necrotizing leukoen-
cephalopathy. Published experience in overdose
suggests benefit from high-dose intravenous
(IV) leucovorin, IV carboxypeptidase G2 and
alkalinization of the urine, with hemodialysis if
renal insufficiency develops. If the overdose was
administered intrathecally, the addition of CSF
lavage or exchange and intrathecal administra-
tion of carboxypeptidase G2 have been used
with good outcomes (Spiegel et al. 1984;
Widemann et al. 2004).

Subacute methotrexate neurotoxicity includes
a constellation of neurologic symptoms, often
reversible, that occur after either IV or IT metho-
trexate. Symptoms include severe headache,
focal or generalized seizures, AMS ranging from
confusion to coma, and sensory and motor find-
ings consistent with cerebrovascular accident.
Aphasia is commonly reported (Dufourg et al.
2007). The median time from methotrexate
administration to symptom development is con-
sistently reported to be 10 days (Mahoney et al.
1998). The risk of developing methotrexate neu-
rotoxicity increases with combination IV/IT ther-
apy, increasing total cumulative administered
methotrexate dose and cranial irradiation (Land
et al. 1994; Reddick et al. 2005).

There is no single diagnostic test for metho-
trexate neurotoxicity; therefore recognizing the
clinical scenario is vital to making the diagnosis.
MRI can support the diagnosis (Fig. 5.2), as
patients have characteristic changes on diffusion-
weighted imaging that mimic ischemia (Reddick
et al. 2005). However, unlike true ischemic
changes, there is rapid normalization within sev-
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Fig. 5.2 Subacute methotrexate neurotoxicity. This
12-year-old patient with acute lymphoblastic leukemia
developed symptoms of aphasia and lethargy approxi-
mately 10 days following combined intrathecal and high-
dose intravenous (5 g/m?) methotrexate during delayed
intensification. The T2-FLAIR MRI shown in Panel a

demonstrates the development of ill-defined patches of
hyperintensity within the white matter (white arrow).
Diffusion-weighted imaging taken concurrently, shown in
Panel b, shows restricted diffusion (black arrows).

eral weeks (Sandoval et al. 2003). MRI findings
are frequently multifocal and do not fit vascular
distribution patterns. These MRI changes can
also be seen in asymptomatic patients receiving
methotrexate. Therefore, more extensive investi-

Although the pattern is not consistent with any one vascu-
lar territory, infarct is on the differential diagnosis with
such findings. Fortunately, the patient’s symptoms
resolved over 48 h, and while repeat scans taken 1 month
later demonstrate continuation and evolution of the
T2-FLAIR changes (Panel ¢, white arrows), the diffusion
changes have now completely resolved (Panel d). The
patient has continued to be completely asymptomatic but
has not yet been rechallenged with intrathecal
methotrexate

gation to rule out other causes of seizure or AMS
is often necessary.

As mentioned, the majority of cases of metho-
trexate neurotoxicity are self-resolving. There
are varying amounts of preclinical data and
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published case series that support the use of ami-
nophylline or dextromethorphan in the acute
phase and leucovorin rescue with future IT meth-
otrexate in patients who have developed neuro-
toxicity in the past (Winick et al. 1992; Drachtman
et al. 2002; Inaba et al. 2008). Aminophylline can
be considered for patients who have acute obtun-
dation after methotrexate. If toxicity is thought
secondary to IT therapy, one can consider post-
poning the next scheduled IT methotrexate or
substituting IT Ara-C and hydrocortisone, though
there are very limited data to show this is an
effective IT therapy in ALL. Patients can be
safely rechallenged with IT methotrexate, either
with or without leucovorin or aminophylline res-
cue, and not redevelop neurotoxicity (Rollins
et al. 2004; Inaba et al. 2008). Thus, completely
eliminating methotrexate from future therapy is
not usually indicated.

Ifosfamide

Patients receiving ifosfamide may develop
encephalopathy that can range from sleepiness
and confusion to seizures or coma, starting
several hours after infusion commencement. The
reported frequency of this side effect is as high
as 22 % in pediatric patients (Pratt et al. 1986).
Although there is no clear dose-dependence,
studies have suggested that hypoalbuminemia
and renal dysfunction are risk factors (David and
Picus 2005). The exact mechanism for ifos-
famide-induced encephalopathy (IIE) is unclear
although it is thought secondary to high levels of
urine glutaric acid which is linked to one particu-
lar metabolite of ifosfamide, chloroethylamine
(Kupfer et al. 1994). Methylene blue has been
reported to successfully treat IIE and may also
be effective as prophylaxis through unclear
mechanisms, possibly by correcting derange-
ment in mitochondrial flavoproteins (Pelgrims
et al. 2000; Hamadani and Awan 2006). A review
by Patel (2006) found that a lack of controlled
evidence makes the effectiveness of methylene
blue unclear. Thiamine has also been reported to
be an effective treatment and prophylaxis for IIE
through unclear mechanisms and also with a
lack of controlled data (Hamadani and Awan
2006).

Cytarabine

The pyrimidine analog cytarabine is frequently
used in the treatment of pediatric leukemia and
lymphoma. There is a wide range of employed
dosages and at lower doses neurologic toxicity is
uncommon. Higher doses, however, are associ-
ated with an acute cerebellar syndrome in >10 %
of patients (Baker et al. 1991). There is a clear
dose-dependence of this side effect and it is gen-
erally seen at doses >3 g/m?/day; spacing admin-
istration from twice daily to once daily has been
shown to reduce the incidence of cerebellar tox-
icity (Smith et al. 1997).

The clinical manifestations of cytarabine-
induced cerebellar toxicity include the classic
cerebellar signs of dysarthria, dysdiadochokine-
sia and ataxia (Smith et al. 1997). Cerebral dys-
function can also be seen in a subset of cases,
with manifestations including encephalopathy,
seizures and coma. Histopathologic changes seen
in the cerebellar syndrome include loss of
Purkinje cells in the cerebellar hemispheres and
vermis along with a proliferation of glial cells
known as Bergmann’s gliosis (Baker et al. 1991).

Symptoms often resolve following discontin-
uation of cytarabine; however some patients will
have permanent neurologic damage. One large
case series of adults and children receiving high-
dose cytarabine found that approximately 1 % of
patients who developed severe cerebellar symp-
toms had an irreversible or fatal course (Herzig
et al. 1987). Although this same report demon-
strated that some patients may be rechallenged
without permanent neurologic damage, the deci-
sion to proceed with additional cytarabine is a
difficult one. Identified risk factors for cerebellar
syndrome include dose and timing as discussed
above as well as hepatic or renal insufficiency
and older age (Herzig et al. 1987; Baker et al.
1991; Rubin et al. 1992). No potential genetic
modifiers have been reported in the literature.

IT cytarabine can be administered in its stan-
dard formulation or as a slow-release liposomal
formulation (DepoCyt). The liposomal formula-
tion appears to have a higher incidence of arach-
noiditis; prophylactic corticosteroids may be
beneficial in this situation (Glantz et al. 1999). As
discussed, concomitant administration of IT and
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high-dose IV cytarabine is associated with the
development of transverse myelitis presenting as
bowel and bladder dysfunction with lower
extremity weakness and should be avoided
(Dunton et al. 1986; Schwenn et al. 1991).

5.3.3.5 Posterior Reversible
Encephalopathy Syndrome

Posterior reversible encephalopathy syndrome
(PRES, also called RPLS, reversible posterior
leukoencephalopathy  syndrome) was first
described as a syndrome of encephalopathy
accompanied by transient subcortical white mat-
ter changes on T2-weighted MRI (Hinchey et al.
1996). The clinical manifestations of PRES
include headaches, seizures, AMS and cortical
blindness. Hypertension is a clear antecedent and
most significant risk factor in the development of
PRES. Hypertension may be secondary to medi-
cations, such as corticosteroids, or concurrent
medical conditions such as renal failure from
tumor lysis syndrome (Greenwood et al. 2003).
Retrospective studies also suggest a higher inci-
dence of PRES during induction chemotherapy,
independent of tumor lysis syndrome or hyper-
leukocytosis (Norman et al. 2007).

Since its initial description, PRES has been
recognized to not be limited to the posterior cir-
culation of the brain nor to white matter exclu-
sively nor be fully reversible in all cases (Lucchini
et al. 2008). While the initial report postulated a
role for immunosuppression in the pathogenesis
of PRES, it has been subsequently described in
non-immunocompromised patients such as in
pregnancy-induced hypertension. Specific immu-
nosuppressive medications, such as tacrolimus
and cyclosporine, continue to be implicated in
case reports in part due to their effect on blood
pressure.

PRES has been noted in pediatric malignan-
cies including ALL, AML, non-Hodgkin lym-
phoma, and solid tumorsincluding neuroblastoma,
osteosarcoma, and Ewing sarcoma. Hypertension
was a clearly identified preceding event in the
majority of cases. Seizures were the most com-
mon clinical manifestation, with AMS, headache
and some form of visual disturbance occurring in
30-40 % of cases (de Laat et al. 2011). While the

majority of patients had a reversible course, 12 %
had persistent neurologic symptoms.

Brain MRI is required to make the diagnosis
of PRES. Vasogenic edema most often symmetri-
cally affects the parietal and occipital subcortical
white matter. Cortex, basal ganglia, and posterior
fossa structures such as cerebellum and brain-
stem can also be involved.

Treatment of PRES begins with aborting sei-
zures, if present, and decreasing the patient’s
blood pressure using calcium channel blockers
such as nifedipine or B-blockers such as labetalol.
Ongoing antiepileptic therapy is often warranted
in the acute setting. While many studies suggest
that AEDs may be tapered when neuroimaging
normalizes, multiple retrospective reviews of
pediatric oncology patients with PRES have
found high rates of ongoing epilepsy (Morris
et al. 2007; de Laat et al. 2011). Chemotherapy is
often held while the patient is symptomatic and
there are multiple reports of safe resumption of
antineoplastic therapy, including any possible
offending agents, with no recurrence of symp-
toms (Morris et al. 2007; Norman et al. 2007; de
Laat et al. 2011).

5.3.4 Outcomes

While many of the described causes of seizures
are temporary, some patients with childhood can-
cer will require long-term prophylactic AEDs.
Data from the Childhood Cancer Survivor Study
showed that 6 % of childhood ALL survivors
were identified as having a seizure disorder with
at least half developing this as a late effect of
therapy (Goldsby et al. 2010). The choice of pro-
phylactic AED is made based on seizure etiology
and response to therapy, but drug-drug interac-
tions with chemotherapeutics is an important
consideration as well.

In a retrospective study of ALL patients, treat-
ment with phenytoin, phenobarbital or carbam-
azepine for at least 1 month duration was
associated with an increased risk of relapse in
patients with B cell, though not T cell, ALL
(Relling et al. 2000). The investigators showed
that the use of these enzyme-inducing antiepileptic
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medications led to increased clearance of some
chemotherapeutic agents.

Levetiracetam is an AED that is not metabo-
lized through the CYP450 system, making it a
safer choice for prolonged therapy. Although
considered efficacious without affecting relapse
risk, studies in pediatric ALL are minimal
(Ruggiero et al. 2010). Regardless of the choice
of agent, the practitioner should be aware of the
high potential for altered drug metabolism in
patients receiving cytochrome P450-inducing or
P450-inhibiting AEDs.

Increased Intracranial
Pressure

54

Increased ICP is due to an increase in the volume
of one of three constituents of the intracranial
space: blood, CSF or soft tissue. In infants whose
fontanels are still open there is a greater capacity
for an increase in any one of these compartments
prior to the development of symptoms.

Intracranial hypertension can lead to a loss of
cerebral perfusion pressure (CPP), defined as the
mean arterial pressure less the intracranial pres-
sure (CPP=MAP-ICP). Insufficient CPP will
produce secondary ischemia due to a lack of for-
ward blood flow. Even more concerning, intra-
cranial hypertension can lead to herniation
syndromes wherein brain parenchyma is pushed
downward below the tentorium cerebelli, through
the foramen magnum, or transversely across the
falx cerebri, in all cases leading to potentially
irreversible neurologic damage or death. Early
diagnosis, stabilization and institution of therapy
appropriate to the cause of increased ICP are
essential in preventing these outcomes.

5.4.1 Presentation

Headache is one of the most common, and unfor-
tunately least specific, features that can herald
increased ICP. In a retrospective review of 315
pediatric patients with headache who had neuro-
imaging, headache awakening the patient from
sleep and a negative family history for migraine

were the strongest individual predictors of a mass
lesion (Medina et al. 1997). Confusion and
abnormal neurologic examination were also risk
factors in that study. Vomiting is another com-
mon presenting sign; this is classically worst in
the morning, due to increasing ICP while sleep-
ing in the supine position relative to standing.
Rapidly increasing ICP may present with a short
interval of headache or constitutional symptoms
that precedes coma or death due to pressure on
the reticular activating system in the midbrain.

In infants, irritability may be the only present-
ing symptom. Physical examination may reveal a
wide, tense fontanel with split sutures. Measuring
head circumference should be a standard part of
the neurologic examination in an infant, and dis-
cordance between circumference and weight or
length should prompt closer investigation.
Sundowning, a downward gaze preference at
rest, may also be seen.

Focal neurologic features of increased ICP
depend on the location of the mass or the pro-
gression of any herniation. Optic nerve swelling
in response to intracranial hypertension can lead
to papilledema. However, papilledema may not
develop for weeks after the onset of increased
ICP and therefore a normal fundoscopic exam
does not rule out intracranial hypertension.
Cranial nerves III, IV and VI can also be affected
leading to paralysis of gaze or complaints of dip-
lopia. Ipsilateral mydriasis with poor pupillary
response to light can be seen due to the effect of
increased ICP on CN III or from direct impinge-
ment in uncal herniation. Finally, a localized
mass or ischemia from decreased CPP can lead to
focal deficits of strength or sensation. Cushing’s
triad, the combination of hypertension, bradycar-
dia, and an irregular respiratory pattern, is a late
manifestation of increased ICP and an ominous
sign of impending herniation.

5.4.2 Initial Management

The patient with suspected increased ICP should
have their airway, breathing and -circulation
secured before proceeding with diagnostic
evaluation. A normal arterial partial pressure of



5 Neurologic Emergencies

85

carbon dioxide (P,CO,) will prevent hypercapnea-
induced vasodilation with subsequent spikes in
ICP; intubation should be instituted in the patient
with hypoxia, hypoventilation, excessive seda-
tion or loss of protective airway reflexes.
Hypotension will lead to a drop in CPP with
attendant ischemia and should be treated with
normal saline infusion to attain euvolemia.
Additional measures to decrease ICP such as
elevating the head of the bed and keeping the
patient’s head at midline should be commenced
emergently. Hyperthermia should be treated with
antipyretics or cooling measures to decrease met-
abolic demand. Pain should be aggressively
treated to prevent spikes in blood pressure or ICP.

Patients who are stabilized with these mea-
sures should undergo emergent head imaging.
A noncontrast head CT or rapid-sequence MRI
can quickly identify a new mass lesion, obstruc-
tive hydrocephalus, or hemorrhage. Negative
head imaging should prompt further workup. MR
angiography and venography can be helpful in
finding occult thrombosis. Mass lesions may
warrant MRI for further evaluation prior to oper-
ative intervention. A lumbar puncture should not
be performed without confirmatory negative head
imaging to rule out the risk of downward hernia-
tion with CSF release. Opening pressure should
ideally be measured with the patient’s legs
extended or with the patient in the sitting posi-
tion. Although there are not clear guidelines for
normal ICP in children, values >20 mmHg are
considered elevated in adults.

Patients who have progressively worsening
neurologic exams or clear signs of herniation on
physical examination or imaging require more
aggressive interventions. Hyperosmolar therapy
with mannitol or hypertonic saline can be used
to decrease the total brain water content.
Mannitol is started at doses of 0.25-1 g/kg of a
20 % solution and repeated every 6 h until serum
osmolarity is raised to between 300 and 320
mOsm/L (Pitfield et al. 2012). Hypertonic saline
has the advantage of not causing osmotic diure-
sis so may be preferred in the hypovolemic
patient (Khanna et al. 2000). Additional treat-
ment measures will generally be tailored to the
underlying etiology.

5.4.3 Differential Diagnosis

5.4.3.1 Soft Tissue

A large meta-analysis of published data suggests
that signs of increased ICP such as headache and
vomiting are the most common presenting fea-
tures in patients with newly diagnosed brain
tumors, whether located supratentorially or in
the posterior fossa (Wilne et al. 2007). In the
patient with a known CNS lesion, development
of new symptoms of increased ICP should raise
concern for tumor progression leading to
obstructive hydrocephalus. While corticoste-
roids are not standard therapy for increased ICP,
the vasogenic edema associated with a mass
lesion can be reduced with dexamethasone and
should be considered in patients with primary
brain lesions causing increased ICP (Andersen
and Jensen 1998). Additional treatment may
include surgical resection with or without place-
ment of a ventriculoperitoneal shunt (VPS). For
patients with unresectable disease, either due to
multifocality or other comorbidities, radiation
therapy or stereotactic radiosurgery can be
considered.

5.4.3.2 Cerebrospinal Fluid

Hydrocephalus is an excess of CSF within the
skull. Increased production of CSF is relatively
rare, but can be seen in patients with choroid
plexus papilloma (Eisenberg et al. 1974). More
commonly, drainage of CSF is obstructed due
to mass effect on the ventricular system. Cranial
venous drainage can also be impeded by
obstruction of the great vessels in superior vena
cava syndrome, which is discussed in detail in
Chap. 4. CNS tumors arising from the third and
fourth ventricles can easily block the flow of
CSF and produce symptoms of obstructive
hydrocephalus (Fig. 5.3). An external ventricu-
lar drain (EVD) may help relieve the pressure
from such an obstruction in the short term,
allowing for attempted total resection in a more
controlled fashion. Unfortunately, up to one-
third of patients with posterior fossa masses
will develop postoperative hydrocephalus
requiring long-term shunting (Culley et al.
1994). Based on this statistic, some neurosurgeons
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Fig. 5.3 Obstructive hydrocephalus. This teenage boy
presented with a gradual history of headaches, ataxia and
progressively worsening vomiting. T2-weighted MRI
taken at the time of his presentation to medical care dem-
onstrates a cystic mass arising in the posterior fossa. The
lateral ventricles and third ventricle, seen with dark CSF
on this sequence, are massively dilated in this example of
obstructive hydrocephalus. Pathology after gross total
resection was consistent with low-grade glioma

will opt for preemptive VPS placement. A
recent retrospective review of children with
posterior fossa masses identified several risk
factors to predict the need for a VPS: age
<2 years, papilledema, severity of preoperative
hydrocephalus and cerebral metastases (Riva-
Cambrin et al. 2009).

Malignant leptomeningeal involvement, as
seen in leukemia as well as primary CNS tumors
such as medulloblastoma, can occasionally be
severe enough to block resorption of CSF through
the arachnoid granulations. This condition can be
treated by VPS placement while systemic ther-
apy is instituted though the shunt may become
clogged by extensive cellular material.

Finally, malfunction or infection of a previ-
ously placed VPS is an important diagnostic con-
sideration. Diagnosis via VPS tapping and need
for externalization or revision should be estab-
lished based on neurosurgical consultation.

5.4.3.3 Hemorrhage and Thrombosis

An excess of blood in the cranial vault can
be caused by hemorrhage (e.g., within the
tumor or tumor bed) or by thrombosis with
poor venous drainage. Thrombosis is a well-
described complication of asparaginase therapy
in ALL. L-asparaginase has been shown to
decrease levels of antithrombin and plasminogen
leading to a prothrombotic state (Leone et al.
1993). Simultaneous depletion of fibrinogen can
also predispose to hemorrhage. Thrombosis in
childhood ALL patients is not uncommon; one
meta-analysis reported a prevalence of 3.2 %,
with roughly half of the events CNS thromboem-
bolic events, and the majority of those sinove-
nous thromboses (Athale and Chan 2003).

Sinovenous thrombosis should be treated with
anticoagulation to prevent clot extension.
Repletion of antithrombin using pooled human
concentrate (Thrombate) or recombinant anti-
thrombin (ATryn) is required to achieve thera-
peutic anticoagulation with either unfractionated
or low molecular weight heparin. In addition,
cryoprecipitate can be used to replete fibrinogen
up to normal levels (i.e., >150 mg/dL), treating
ongoing coagulopathy and decreasing the risk of
bleeding. Fresh frozen plasma can be used in lieu
of these products, but has limited amounts of
antithrombin and fibrinogen, which are the most
consistently decreased in studies of asparaginase
therapy. Minor hemorrhages seen in association
with sinovenous thrombosis may make the deci-
sion to anticoagulate more difficult, but the use of
a reversible agent (unfractionated heparin), fre-
quent monitoring of hemostatic parameters, and
careful neurologic monitoring in an intensive
care unit can decrease the risks associated with
this strategy. Without treatment, sinovenous
thrombosis can progress to infarction with wors-
ened hemorrhagic complications.

In the event of anaphylaxis to E. coli
asparaginase, Erwinia asparaginase is often sub-
stituted as an alternative therapy. Giving equiva-
lent doses, a European trial did find a reduced
incidence of coagulation abnormalities with
Erwinia asparaginase compared to E. coli, though
the frequency of thrombotic events was not
reported (Duval et al. 2002). The same study was
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stopped early, however, due to superior survival
in the E. coli asparaginase arm, and so routine
substitution of Erwinia asparaginase for concerns
of thrombosis is not recommended. The fre-
quency of thrombotic events appears to be simi-
lar in patients treated with the longer-acting
PEG-asparaginase as compared to those treated
with L-asparaginase (Silverman et al. 2010).

The decision to restart asparaginase following
sinovenous thrombosis is a complex one; limited
data suggest that asparaginase can be safely
restarted (Grace et al. 2011). The recurrence risk
was higher in adults, consistent with the observa-
tion that the overall risk of venous thromboembo-
lism increases from puberty throughout adulthood
(White 2003).

Prophylaxis with purified antithrombin is
not recommended in pediatric oncology
(Mattioli Belmonte et al. 1991). The PARKAA
(Prophylactic Antithrombin Replacement in
Kids with Acute Lymphoblastic Leukemia
Treated with Asparaginase) study, a random-
ized trial comparing prophylactic antithrombin
repletion to observation, found a nonstatistical
trend towards fewer thromboses in the prophy-
laxis group but lacked power to make conclu-
sive recommendations (Mitchell et al. 2003).

5.4.3.4 Idiopathic Intracranial
Hypertension

Idiopathic intracranial hypertension (IIH), previ-
ously termed pseudotumor cerebri, is a poorly
understood syndrome characterized by elevated
ICP without any obvious structural cause. Several
chemotherapeutic agents can predispose the
pediatric oncology patient to ITH. Corticosteroids,
and specifically their withdrawal, have been asso-
ciated with the development of IIH in children
(Neville and Wilson 1970). IIH is also a com-
monly reported side effect of treatment with vita-
min A analogs, including all-trans retinoic acid
(ATRA) in the treatment of acute promyelocytic
leukemia and isotretinoin and fenretinide in the
treatment of neuroblastoma (Bigby and Stern
1988; Smith et al. 1992; Children’s Oncology
Group [CCG 09709] et al. 2006).

Treatment of IIH can include serial large-
volume CSF drainage through lumbar punctures

or the use of acetazolamide. In cases of ATRA-
related IIH, ATRA is often held with additional
supportive steps to help alleviate symptoms
(Holmes et al. 2012). Rechallenge with ATRA
can be attempted if symptoms subside. The
most severe complication of IIH is visual loss
due to optic nerve ischemia; patients should
therefore have routine ophthalmologic follow-
up. Occasionally IIH is severe enough to require
surgical CSF shunting to prevent further optic
nerve damage (Chern et al. 2012).

Cerebrovascular Disease
in Pediatric Cancer Patients

5.5

Cerebrovascular disease is one of the most devas-
tating disorders and can present as either cerebro-
vascular accident (CVA, also referred to as
stroke) or cerebrovascular malformations such as
aneurysms. For the pediatric oncology patient,
we will focus on stroke as the manifestation of
cerebrovascular disease. Stroke is a disabling
consequence of childhood cancer—and child-
hood cancer treatment—that remains poorly
understood. Stroke can occur in the perioperative
setting or may be treatment related and is broadly
classified as hemorrhagic or ischemic. Ischemic
stroke, which represents about 55 % of pediatric
CVA, is further subdivided into large and small
vessel stroke.

Stroke is generally defined as the abrupt onset
of focal neurologic deficits referable to a vascular
distribution and lasting >24 h. In children, espe-
cially the very young, stroke can also present as
AMS or seizures (Zimmer et al. 2007; Hartman
et al. 2009; Beslow et al. 2010). A recent retro-
spective analysis reported that children <1 year
of age (n=11) commonly presented with AMS or
seizures, whereas older children (n=65) com-
monly presented with focal weakness in ischemic
stroke (Abend et al. 2011). Neurologic deficits
that last <24 h are generally classified as a tran-
sient ischemic attack (TTA). Thus, the diagnosis
of stroke is made based on the patient’s clinical
presentation with laboratory studies and brain
imaging as diagnostic correlates. Silent strokes
seen on imaging alone are referred to as infarcts.
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Cerebral ischemia is caused by a reduction in
blood flow to the brain. Clinical symptoms occur
within seconds to minutes due to the lack of gly-
cogen storage in neurons, leading to energy fail-
ure. If blood flow is not restored quickly,
infarction or death of brain tissue occurs. A gen-
eralized reduction in blood flow due to hypoten-
sion usually produces syncope. If the blood flow
is not restored quickly, infarction between the
border zones of major cerebral artery distribution
occurs, referred to as a “watershed infarct,” pre-
senting with proximal arm and leg weakness.
Focal ischemia is often due to thrombosis of
cerebral vessels or by emboli from other sources
(e.g., the heart). Hemorrhagic stroke causes
symptoms due to mass effect on surrounding
brain structures and by direct toxic effect of
blood. Pediatric stroke research has mainly
focused on ischemic stroke, and therefore our
knowledge of pediatric hemorrhagic stroke
remains limited (Zimmer et al. 2007). In cases
where bleeding occurs within a brain lesion (such
as a primary brain tumor), pediatric oncologists
often refer to this as intratumoral bleeding rather
than hemorrhagic stroke. Here, for consistency,
intratumoral hemorrhage is included within the
category of hemorrhagic stroke.

Presentation of Stroke
in Pediatric Patients

5.5.1

The clinical presentation of a CVA depends on
the territory of brain involved. Table 5.3 lists key
clinical findings based on the vascular territory,
mainly attributable to ischemic stroke. In young
children focal neurological deficits can be more
subtle and harder to elicit.

Hemorrhagic stroke in children, especially the
very young, often presents with nonspecific signs
and symptoms such as AMS or seizures; head-
ache is often reported in older children. One study
assessed the clinical presentation of 51 children
>6 years of age and found that 73 % presented
with headache, 57 % with AMS, 39 % with focal
neurological signs, 33 % with nausea/vomiting,
and 16 % with seizures or other symptoms such as
dysphasia and abnormal gait (Lo 2011).

Table 5.3 Symptoms of cerebrovascular accident by
vascular territory
Artery

Middle
cerebral
artery

Key signs and symptoms

Anterior Contralateral hemiplegia

circulation Contralateral hemianesthesia
Contralateral homonymous
hemianopia

If dominant hemisphere:
Global aphasia

If nondominant hemisphere:
Neglect

Anosognosia®
Constructional apraxia®

Anterior
cerebral
artery

Contralateral paralysis of foot
and leg

Contralateral sensory loss of
leg and toes

Urinary incontinence

Abulia®

Gait apraxia
Posterior

cerebral
artery

Contralateral homonymous
hemianopia with macular
sparing

Posterior
circulation

If thalamus and internal capsule
involved: contralateral
hemisensory loss and
hemiparesis

Visual and color agnosias
Prosopagnosia’

Claude’s syndrome (3rd nerve
palsy with contralateral ataxia)
Weber’s syndrome (3rd nerve
palsy with contralateral
hemiplegia)

Bilateral long tract signs
(sensory and motor)

Cranial nerve dysfunctions
Cerebellar dysfunction

Basilar
artery

*Anosognosia: Unawareness of neurologic deficit
"Construction apraxia: Inability to copy simple line drawings
°Abulia: Akinetic mutism

dProsopagnosia: Impairment in facial recognition

5.5.2 Differential Diagnosis
of Stroke

In the child with acute onset of new neurologic
symptoms, the initial differential diagnosis is
broad and includes limited focal movement sec-
ondary to pain, Todd’s paralysis after seizure,
complex migraines, intoxication presenting as
AMS or ataxia, medication side effects, and
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peripheral nerve injuries, among others. Despite
increasing stroke awareness in the adult popula-
tion, the diagnosis of stroke in children continues
to be significantly delayed (McGlennan and
Ganesan 2008; Rafay et al. 2009; Srinivasan
et al. 2009). A recent report of children suffering
from arterial ischemic stroke documented a
median time >24 h between clinical onset and
imaging confirmation.

5.5.3 Etiology of Stroke in Pediatric
Cancer Patients

The underlying etiology of stroke in pediatric
cancer patients is complex and poorly studied. In
about 30 % of children presenting with an acute
ischemic stroke, no cause could be elucidated
despite extensive investigations (Roach 2000).
No long-term, prospective study is available to
better define the risk and underlying mechanisms
of stroke in pediatric cancer patients. Current
studies lack rigorous imaging correlates of stroke
symptoms and are often based on self-reports
from patients or their caregivers.

Stroke can occur during neurosurgery in pedi-
atric intracranial tumors with close proximity of
tumor and intracranial vessels. Further, several
chemotherapeutic agents have been associated
with increased risk of stroke such as mentioned
with asparaginase and notably with the monoclo-
nal antibody bevacizumab, which is directed
against vascular endothelial growth factor receptor
(VEGFR). In adult patients bevacizumab has been
associated with a small but significant increase
in arterial thrombotic events as well as risk for
intracerebral hemorrhage (Taugourdeau-Raymond
et al. 2012). The incidence of bevacizumab-associ-
ated cerebral hemorrhage in children is unknown.

Previous studies have shown that children
treated for CNS tumors, leukemia, Hodgkin lym-
phoma, and other cancers carry a significantly
increased stroke risk (Fig. 5.4), with cranial radi-
ation therapy (CRT) a particularly strong risk fac-
tor (Bowers et al. 2005, 2006; Haddy et al. 2011).
How CRT increases stroke risk in cancer survi-
vors is not well understood. Few risk factors for
stroke and arteriopathy in children treated with

Fig. 5.4 Ischemic stroke. This 19-year-old young
woman, whose MRI is shown in this figure, presented
with acute dysarthria and right-handed sensory changes.
The diffusion-weighted images shown here demonstrate
bilateral strokes with restricted diffusion, which appear
bright in this sequence. The patient had a history of
Hodgkin lymphoma diagnosed 4 years prior which had
relapsed and subsequently treated with an autologous and
then allogeneic hematopoietic stem cell transplant.
Although the patient did have irradiation as part of her
therapy, no arteriopathy could be detected on magnetic
resonance angiography to explain the origin of her stroke

CRT have been described and include optic path-
way tumors associated with NF-1, younger age
and higher radiation dose to the circle of Willis
(Grill et al. 1999). Current literature has focused
on arteriopathies that develop within a relative
short time following CRT (Bitzer and Topka
1995; Laitt et al. 1995; Omura et al. 1997; Grill
et al. 1999; Fouladi et al. 2000). Moyamoya, a
specific type of cerebral arteriopathy character-
ized by progressive stenosis of the terminal inter-
nal carotid arteries, has been shown more
prevalent in children who undergo CRT for ALL
and brain tumors as compared to children who do
not receive CRT (Kikuchi et al. 2007; Ullrich
et al. 2007). Others have shown that children
treated with CRT are at increased risk for lacunar
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strokes, thought secondary to small vessel vascu-
lopathy (Fouladi et al. 2000).

There is an additional body of literature that
raises concern for long-term effects of radiation
therapy by accelerating atherosclerosis, the most
common etiology of stroke in adults (Dorresteijn
et al. 2005). In pediatric and adult cancer patients,
neck irradiation increased cervical carotid artery
wall thickness, a marker for atherosclerosis
(O’Leary et al. 1999; Hollander et al. 2002;
Dorresteijn et al. 2005; Meeske et al. 2009). In a
retrospective cohort study of 367 adult patients
with head and neck tumors, neck irradiation
increased risk of carotid artery-related strokes by
almost tenfold compared to normal adults, and that
risk was enhanced by hypertension (Dorresteijn
et al. 2002). In animal models, irradiation of
hypercholesterolemic mice and rabbits leads to
accelerated atherosclerotic plaque formation (Vos
et al. 1983). Hence, it is plausible that CRT leads
to accelerated intracranial atherosclerosis and
thereby increases long-term stroke risk as child-
hood cancer survivors become young adults.

5.5.4 Management of Acute Stroke

In the child with acute neurologic deficits, the
initial evaluation should include a detailed neu-
rologic examination to localize the site of stroke
as well as careful review of the prior history and
current medications. Brain imaging studies
should be performed at the time of presentation
if the onset of symptoms is acute. The type of
imaging used will depend on availability and on
the age of the child. MRI is preferred over CT
given the radiation exposure associated with CT
as well as the differences in time delay and reso-
lution. CT will reliably identify hemorrhage as
the cause of stroke but may fail to show ischemic
stroke if the images are obtained within the first
hours of presentation, if the stroke is small, and
especially if located within the posterior fossa,
due to bone artifact. MRI will detect hemorrhage
and small strokes even in the early hours after
onset of symptoms. MR angiography can iden-
tify stenosis of large intracranial vessels as well
as arterial dissection. Transcranial Doppler

(TCD) is another method to noninvasively assess
and follow narrowing of intracranial vessels.
Additional imaging with conventional angiogra-
phy might be indicated depending on severity.
Children with stroke should be treated by a spe-
cialized team including a pediatric stroke spe-
cialist, apediatric neurosurgeon, an interventional
radiologist and a rehabilitation team to ensure
the best possible outcome.

5.5.4.1 Ischemic Stroke

After an ischemic stroke is diagnosed, the patient
should be monitored and treated in a pediatric
intensive care unit. Treatment is mainly support-
ive. Similar to hemorrhagic stroke, the first steps
are to stabilize the child and assess the airway,
breathing and circulation. Permissive hyperten-
sion is indicated to assure collateral flow to the
area of ischemia and minimize injury. Fever is
detrimental and children should be treated with
antipyretics to achieve normothermia. Glucose
levels should be carefully monitored and normal-
ized as needed. Intravenous recombinant tissue
plasminogen activator (tPA) is used in the acute
setting in patients >18 years of age within the
first 4.5 h after onset of symptoms if no contrain-
dications to tPA are present. There is limited
understanding of the safety and efficacy of tPA in
pediatric patients, and therefore it is not yet the
standard of care in this patient population. The
Thrombolysis in Pediatric Stroke Study (TIPS) is
a multicenter trial with the goal to assess the
safety and efficacy of tPA in children with isch-
emic stroke; results from this study are pending
(Amlie-Lefond et al. 2009). To assess the under-
lying etiology of ischemic stroke, children often
have vascular imaging performed, particularly
MR angiography. The necessity of assessment of
an underlying prothrombotic state in pediatric
stroke is unclear, and testing has not been shown
useful in improving clinical outcomes (Raffini
2008). For all pediatric stroke cases, the reported
prevalence of prothrombotic conditions ranges
from 20-50 % (Mackay and Monagle 2008).
Assessment of the most common thrombophilias
including antithrombin deficiency, protein C or
protein S deficiency, hyperhomocysteinemia,
prothrombin 20210 gene mutation, elevated
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FVIII, factor V Leiden mutation, elevated
lipoprotein(a) and antiphospholipid antibodies
can be considered (Raffini 2008; Roach et al.
2008). Pregnancy should be excluded in teenage
girls presenting with stroke and discontinuation
of estrogen-containing contraceptives should be
considered (Roach et al. 2008).

Prior studies have shown that the risk of
stroke recurrence in children with an underlying
arteriopathy is high and therefore these children
should be prophylaxed with either antiplatelet
agents or anticoagulation (Fullerton et al. 2007).
However, systematic studies of secondary stroke
prevention in children with arteriopathies,
including children with irradiation-induced vas-
culopathies, are not available in the literature.
A special writing group of the American Heart
Association Council and the Council on
Cardiovascular Disease in the Young has issued
consensus guidelines for management of infants
and children with stroke (Roach et al 2008).
These guidelines outline specific treatment
recommendations for children with an ischemic
stroke based on the underlying condition includ-
ing Moyamoya syndrome which can be associ-
ated with CRT in pediatric cancer patients.

5.5.4.2 Hemorrhagic Stroke

Hematomas can expand over several hours from
initial presentation and monitoring in the pediatric
intensive care unit is indicated. The initial man-
agement of the child with hemorrhagic stroke
should include assessment of the airway, breathing
and circulation. Blood pressure management is
directed towards normal blood pressure values for
age. Children are at risk to develop hydrocephalus
and placement of an EVD may be required.
A Camino® bolt can be used to monitor ICP if no
hydrocephalus is present. Awake patients can be
monitored with serial examinations, whereas chil-
dren with depressed level of consciousness will
benefit from invasive ICP monitoring to maintain
adequate CPP. The use of recombinant factor VII
(rFVIIa) to halt hemorrhage in pediatric patients is
still under investigation and currently not consid-
ered standard therapy (McQuilten et al. 2012).
Pediatric neurosurgery should be consulted imme-
diately for cerebellar hemorrhage, as evacuation is

often indicated. Patients with thrombocytopenia
should be treated with platelet transfusions to
maintain a platelet count >100x% 10°/L. The role of
routine seizure prophylaxis in the absence of sei-
zures is unclear. Adult patients with hemorrhagic
strokes who were treated with prophylactic AEDs
had worse outcome than those who were just mon-
itored (Messe et al. 2009). Currently there are no
data available for children. A special writing group
of the American Heart Association Council and
the Council on Cardiovascular Disease in the
Young has issued consensus guidelines for man-
agement of infants and children with stroke;
potential relevant recommendations in pediatric
nontraumatic hemorrhagic stroke include utiliza-
tion of cerebral angiography if MR angiography is
nondiagnostic, adequate factor replacement in
children with coagulopathy, and optimization of
respiratory effort, control of hypertension, control
of seizures, and management of ICP to help stabi-
lize the patient (Roach et al. 2008).

5.5.5 Outcome of Acute Stroke

Currently there are no reported data that address
the outcome of pediatric cancer patients after
stroke. However, stroke is an important cause of
disability in the general pediatric population. After
stroke, children suffer from motor and sensory def-
icits, cognitive decline and epilepsy. Outcome
research in pediatric stroke has been hampered by
the lack of validated and standardized outcome
measures (Engelmann and Jordan 2012). Recently
the Pediatric Stroke Outcome Measure (PSOM)
was published with a reported inter-rater variability
of 0.93 (95 % CI 0.76-0.98) (Kitchen et al. 2012).
Development and systematic use of such validated
assessments will be important to fully understand
the impact of stroke on pediatric patient as well as
assess efficacy of current treatment modalities.

5.6 Summary

The diversity of neurologic complications in
pediatric oncology, and the frequency with which
they occur, demand a careful awareness on the
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part of physicians caring for these patients. The
approaches described above highlight the unique
effects of cancer and cancer treatment on the ner-
vous system as well as the lack of evidence basis
for much of the current standards of care.
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in leukostasis and tumor lysis syndrome (TLS)
as well as blast cell lysis leading to the release
of anti- and procoagulant factors. The degree of
HL that is clinically significant in pediatric ALL
and AML is controversial. Here we consider the
differing presentations in patients with HL. and
concomitant ALL, AML, and CML and poten-
tial WBC thresholds at which patients require
supplementary supportive care measures in an
attempt to reduce early morbidity and mortality.
In addition to an analysis of the evidence behind
standard care measures, the potential benefit of
leukapheresis will be examined and recommen-
dations given.
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6.1 Introduction
Hyperleukocytosis (HL) is defined as a white
blood cell (WBC) count >100x10%L and in
pediatric patients is typically seen in acute lym-
phoblastic leukemia (ALL), acute myelogenous
leukemia (AML) and chronic myelogenous leu-
kemia (CML) (Porcu et al. 2000). Recent pedi-
atric studies have noted an HL incidence of
10.9-13.1% in ALL and 18.3-19.1 % in AML
patients with early death rates of 2.7 % in ALL
(WBC >200x10°L) and 2.8-3.9 % in AML
(WBC >100x% 10°/L) (Creutzig et al. 2004; Inaba
et al. 2008; Moricke et al. 2008; Gaynon et al.
2010; Sung et al. 2012; Vaitkeviciené et al. 2013).
The degree of HL that is clinically significant in
pediatric ALL and AML is controversial.
Patients with HL are at risk for acute com-
plications due to rapid proliferation of leukemic
blasts resulting in leukostasis and tumor lysis
syndrome (TLS) as well as blast cell lysis lead-
ing to the release of anti- and procoagulant fac-
tors. In a pathologic survey of 206 adult leukemia
patients at autopsy, McKee and Collins (1974)
noted leukemic thrombi aggregates in pulmonary
and central nervous system (CNS) vasculature in
AML and CML but not in ALL patients. In study-
ing the rheology of myeloblasts and lympho-
blasts, Lichtman (1973) importantly noted that
total blood viscosity (cytocrit) is rarely altered
in HL due to a concomitant decrease in red cell
mass (erythrocrit) and that deformability of both
myeloblasts and lymphoblasts is decreased, thus
theoretically allowing for aggregation in small
vessels, especially for the larger myeloblasts.
Stucki et al. (2001) showed that myeloblasts are
able to adhere to vascular endothelium through
cytokine secretion. Thus, decreased deformabil-
ity and endothelial myeloblast interaction are
likely more important mechanisms for leukosta-
sis than plasma viscosity (Porcu et al. 2000).
High blast counts, especially in AML, are
related to increased risk of early mortality sec-
ondary to leukostasis and leukemic cell lysis
both before and after commencement of che-
motherapy (Wald et al. 1982, Hug et al. 1983,
Bunin and Pui 1985; Dutcher et al. 1987;
Wiirthner et al. 1999; Porcu et al. 2000;

Novotny et al. 2005). In both pediatric and
adult AML patients, leukostasis has been
reported with WBC >50x 10%/L as well as
<50x 10°/L (Soares et al. 1992; Creutzig et al.
2004). The most severe complications of leu-
kostasis and blast cell lysis are respiratory fail-
ure, pulmonary hemorrhage, and intracranial
hemorrhage (ICH). ICH often presents at diag-
nosis in patients with ALL, AML as well as
specifically AML M3 subtype (acute promyelo-
cytic leukemia; APL) (Kim et al. 2006; Sung
et al. 2012; Vaitkeviiené et al. 2013).
Neurologic manifestations can range from
headache and confusion to somnolence, stupor,
and coma. Additional potential manifestations
include priapism, dactylitis, retinal hemor-
rhage, renal infiltration/failure, bowel isch-
emia, congestive heart failure and cardiac
tamponade (Rowe and Lichtman 1984; da
Costa et al. 1999; Lowe et al. 2005; Novotny
et al. 2005; Vaitkeviciené et al. 2013).

Here we consider the differing presentations
in patients with HL and concomitant ALL, AML,
APL, and CML and potential WBC thresholds at
which patients require supplementary supportive
care measures in an attempt to reduce early mor-
bidity and mortality. In addition to an analysis of
the evidence behind standard care measures, the
potential benefit of leukapheresis will be exam-
ined. Recommendations are summarized in
Table 6.1.

6.2  Acute Lymphoblastic

Leukemia

Risk factors for HL in pediatric ALL patients
include age <1 year, T-cell phenotype, MLL
(11923) rearrangement, Philadelphia chromo-
some t(9;22) and leukemic cell ploidy <50 (Pui
et al. 1990; Eguiguren et al. 1992; Vaitkeviciené
et al. 2009). Historically, long-term outcomes in
ALL patients with HL have been lowest, likely
due to these underlying disease characteristics
(Moricke et al. 2008; Vaitkeviciené et al. 2009;
Gaynon et al. 2010). In ALL cooperative group
studies, 10.9-13.1 % of patients had initial WBC
>100x10°/L and 4.8-5.8% had initial WBC
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>200x% 10°/L (Moricke et al. 2008; Gaynon et al. 7 (5.3 %) suffered early death, 6 secondary to
2010; Lund et al. 2011). For the 132 patients with  neurologic complications, and none secondary
initial WBC >200x 10°/L in the Scandinavian to TLS with 5 dying prior to therapy initiation
NOPHO ALL-92 and ALL-2000 protocols, (Lund etal.2011).

Table 6.1 Summary of management strategies and level of evidence for management of pediatric leukemic
hyperleukocytosis®*

Potential side Level of
Disease effect Treatment evidence®
Acute Leukostasis Rapid initiation of chemotherapy 1A
lymphoblastic Hyperhydration 1€
leukemia Consider leukapheresis for WBC >400-600 x 10°/L if no delay in ~ 2C
antileukemic chemotherapy initiation
Tumor lysis Hyperhydration 1B
syndrome One dose of rasburicase prior to antileukemic chemotherapy 1A
initiation; see Chap. 3 for more detail
Isolated One dose of prophylactic rasburicase 1B
hyperuricemia Follow with alkalinization and allopurinol 2C
Consider additional rasburicase doses if repeat uric acid >7.5 mg/dL  2C
DIC/coagulopathy FFP to keep PT/PTT WNL 1C
Fibrinogen (concentrate or cryo) to keep fibrinogen >150 mg/dL 1C
Thrombocytopenia Platelet transfusion to keep platelets >50 x 10°/L if WBC 1C
>300-400x% 10°/L
Symptomatic Transfuse small aliquots (e.g., 5 mL/kg) and keep hgb <10 g/dL 1C
anemia
Acute Leukostasis Rapid initiation of chemotherapy 1A
myelog.enous Careful hydration 1C
lenkemia Consider leukapheresis 2C
(except APL) Consider HU 2C
Tumor lysis Hyperhydration 1C
syndrome One dose of rasburicase if uric acid >7.5 mg/dL; see Chap. 3 for 2C
more detail
DIC/coagulopathy FFP to keep PT/PTT WNL 1C
Fibrinogen (concentrate or cryo) to keep fibrinogen >150 mg/dL 1C
Thrombocytopenia Platelet transfusion to keep platelets >50x 10°/L 1C
Isolated One dose of prophylactic rasburicase 1B
hyperuricemia Follow with alkalinization and allopurinol 2C
Consider additional rasburicase doses if repeat uric acid >7.5 mg/dL 2C
Symptomatic Transfuse small aliquots (e.g., 5 mL/kg) and keep hgb <10 g/dL 1C
anemia
Acute DIC/coagulopathy Rapid initiation of ATRA or ATO 1A
promyelocytic FFP to keep PT/PTT WNL 1C
leukemia Fibrinogen (concentrate or cryo) to keep fibrinogen >150 mg/dL 1C
Avoid invasive procedures 1C
Unclear benefit of leukapheresis 2C
Thrombocytopenia Platelet transfusion to keep platelets >50x 10?/L at the minimum 1C
APL differentiation Dexamethasone 1B
syndrome/RAS
Leukocytosis with  HU 1B
ATRA or ATO Consider holding ATRA or ATO 1C

(continued)
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Table 6.1 (continued)

Potential side Level of
Disease effect Treatment evidence®
Chronic Leukostasis Hyperhydration 1C
myelogenous HU 1C
leukemia Consider leukapheresis 2C
Priapism Hyperhydration 1C
HU 1C
Consider leukapheresis 2C
Urologic consultation for therapeutic aspiration and possible 1C
intracavernous sympathomimetic therapy
Pain management 1C

WBC white blood cell, DIC disseminated intravascular coagulation, FFP fresh frozen plasma, PT prothrombin time,
PTT partial thromboplastin time, WNL within normal limits, cryo cryoprecipitate, igh hemoglobin, APL acute promy-
elocytic leukemia, HU hydroxyurea, RAS retinoic acid syndrome, ATRA all-trans retinoic acid, ATO arsenic trioxide

aSee text for full detail
®Per Guyatt et al. (2006); see Preface

In a follow-up study of 221 NOPHO patients
with WBC >200x10°L, Vaitkevidiené et al.
(2013) importantly note that all complications sec-
ondary to HL, except the need for dialysis,
occurred at significantly higher median WBC
counts: neurologic (WBC 530x10°%/L vs.
327x10°/L), respiratory (WBC 620x10°/L vs.
336x10°/L), bleeding (WBC 420x10°/L vs.
327x10°/L), and dialysis (WBC 310x 10°/L vs.
357x 10°/L). Neurologic and bleeding complica-
tions occurred at a significantly higher age, while
respiratory distress occurred at a significantly
younger age. In multivariate analysis, only WBC
count and neurologic symptoms at admission were
significantly associated with risk of early death;
timing of administration of antileukemic therapy,
admission hemoglobin level and administration of
packed red blood cells (PRBCs) were not signifi-
cant. Six patients (2.7 %) died within 2 weeks of
presentation, all secondary to neurologic compli-
cations, with 4 of the 6 presenting with severe
symptoms. Patients receiving mechanical cytore-
duction (leukapheresis or exchange transfusion)
prior to chemotherapy initiation had significant
delay in antileukemic therapy initiation with no
noted survival benefit. TLS occurred in 12% of
patients with statistically higher initial uric acid
levels (11.0 vs. 7.7 mg/dL). Patients with T-cell
and infant ALL were at increased risk of TLS, ras-
buricase significantly reduced the risk of TLS and
no patient died from TLS. Initial uric acid level

was the only significant factor for the development
of TLS on multivariate analysis (WBC count, lac-
tate dehydrogenase, corticosteroid dose and
mechanical cytoreduction were not significant). In
their supplemental HL guidelines, Vaitkeviciené
et al. (2013) recommend prompt initiation of anti-
leukemic therapy after diagnostic evaluations and
rasburicase administration with no recommenda-
tion for leukapheresis or exchange transfusion.

Maurer et al. (1988) similarly reported an
8.4 % incidence of WBC >200x 10%/L in a pedi-
atric ALL cohort. Early death occurred in 7 of
124 (5.6 %) patients, 4 from sepsis, 1 from
pneumonia, 1 from GI hemorrhage and 1 from
ICH. Four (3.2 %) patients suffered ICH with 3
occurring at presentation and all with WBC
>600x 10°/L. Although electrolyte abnormali-
ties were decreased in those undergoing leuka-
pheresis, risk of renal dysfunction requiring
dialysis was low, occurring in only 3 (2.4 %)
patients, all of whom had received low-dose
prednisone pretreatment. WBC >600x 10°/L
and massive splenomegaly were the only sig-
nificant adverse prognostic factors on multivari-
ate analysis.

In a comprehensive study of HL over a
40-year period at St. Jude Children’s Research
Hospital, Lowe et al. (2005) reported 178 of
2,288 (7.8 %) children with ALL presenting with
WBC >200x 10°/L. Early death occurred in 7
(3.9 %), 3 from sepsis and 2 each from ICH and
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respiratory failure. Cytoreduction was performed
in those with a median initial leukocyte count of
416x 10°/L vs. 295x10°/L in the nonreduced
cohort. The time to initiate chemotherapy was
significantly longer in the cytoreduced cohort.
Neurologic and respiratory complications were
statistically more likely with WBC >400 x 10°/L.
Older age was also significant for neurologic
complications. Four patients suffered from ICH
(2.2 %), all with initial WBC >400x 10°/L and 3
at initial presentation to the tertiary care institu-
tion. Two of the 4 received PRBC transfusion
prior to ICH, while the other 2 had initial hemo-
globin of 10.1 and 10.2 g/dL. The majority of
neurologic complications (13 of 16; 81%)
occurred at presentation; the additional 3
occurred 24 h after presentation, 1 in the cytore-
duced group and 2 in the nonreduced cohort.
Pulmonary complications occurred more com-
monly in the cytoreduced cohort and were
equally common before and after cytoreduction.
Metabolic complications were common, with
hyperkalemia in 10 % and hyperphosphatemia in
20 %, but only 1 patient died secondary to meta-
bolic dysfunction (hyperkalemia) and overt renal
dysfunction was rare. Although it was unclear if
cytoreduction was beneficial in the prevention of
TLS or leukostasis symptoms and did not impact
early mortality, Lowe et al. (2005) recommend
cytoreduction for WBC >400x 10%/L. Again,
early initiation of chemotherapy in pediatric
ALL seems most important although it is
unlikely to impact those presenting with severe
neurologic dysfunction and may not impact early
death.

6.3  Acute Myelogenous Leukemia

Like ALL, HL has been shown to be a negative
prognostic factor in long-term outcome in pediat-
ric AML patients (Inaba et al. 2008; Lange et al.
2008). In analysis of AML-BFM 93 and AML-
BFM 98, Creutzig et al. (2004) reported a 19.1 %
incidence of HL with significantly increased risk
of early death with WBC >100x 10°/L (9.9 % vs.
2.1 % with WBC <100x 10°/L) and even more so
with WBC >200x 10°/L (16.9 % vs. 2.4 % with
WBC <200x 10%/L). Multivariate analysis found

HL, FAB M5 and low-performance status as sig-
nificant independent prognostic factors. A recent
analysis of COG AML studies AAMLO3P1 and
AAMLO0531 reported an 18.8 % incidence of HL.
with independent risk factors including age
<1 year, FAB M1, M4, and M5, inv(16), and
FLT3-ITD+ (Sung et al. 2012). These findings
have been corroborated by other studies (Creutzig
et al. 1987; Meshinchi et al. 2001; Inaba et al.
2008). TLS was rare although hyperphosphatemia
and hyperuricemia were significantly associated
with increased initial WBC count. Initial WBC
count was significantly associated with hypoxia,
pulmonary hemorrhage, CNS ischemia, CNS
hemorrhage and death (Sung et al. 2012). Patients
with the highest WBC counts (>400x 10°/L) were
at greatest risk for early death and leukapheresis
did not appear to impact early death: 1 of 16
(6.3 %) receiving leukapheresis experienced early
death as compared to 3 of 73 (4.1 %) who were not
leukapheresed (Sung et al. 2012). Overall, the
induction death rate was 3.9 % for WBC
>100x 10%/L vs. 1.3 % for WBC <100x 10°/L. In
a comprehensive review of retrospective AML
studies in both pediatric and adult patients with
HL, Oberoi et al. (2014) reported an overall early
death rate of 20.1 % which was not significantly
influenced by the wuse of leukapheresis.
Hemorrhage and bleeding (75 %) was the most
common cause of early death followed by leu-
kostasis (9.1 %); APL patients constituted only
2-5.5 % of all studied patients and pediatric data
were not separately analyzed (Oberoi et al. 2014).

Inaba et al. (2008) studied newly diagnosed
AML patients at St. Jude Children’s Research
Hospital and found an 18.3 % incidence of HL; in
the most recent period, the early death rate was
2.8 % as compared to a previous time period with
an early death rate of 22.9 %. Complications sec-
ondary to HL were similar in both time periods and
significantly correlated with median WBC count:
neurologic (WBC 221x10°/L vs. 158x10%L),
pulmonary (240x 10°/L vs. 155x 10°/L), and renal
(WBC275x 10°/Lvs. 159 x 10°/L). Leukoreduction
was utilized in the later time period at the discre-
tion of the treating physician; early death occurred
in 1 of 20 patients leukoreduced and 0 of 16 not
leukoreduced although those leukoreduced had a
significantly higher admission WBC count



102

A.E. Aguilar et al.

(206 x 10°/L vs. 116 x 10°/L). Metabolic complica-
tions were uncommon although more prevalent in
those with FAB M4/MS5 subtypes. Twelve of the
17 deaths occurred due to hemorrhage (gastroin-
testinal, pulmonary or intracranial).

Earlier studies have reported a much higher
death rate, likely due in part to less intensive
supportive care measures (Wald et al. 1982;
Bunin and Pui 1985; Creutzig et al. 2004; Inaba
et al. 2008). Although significant data are lack-
ing, one study in adult AML MS5 patients with
HL and pulmonary symptoms has shown poten-
tial benefit with the addition of dexamethasone
to improve lung function in the acute period
(Azoulay et al. 2012). The utilization of leuka-
pheresis in AML is controversial and discussed
further in Sect. 6.7.

6.4  Acute Promyelocytic Leukemia
HL is an uncommon presenting feature in APL
although pediatric patients have an increased
incidence of microgranular APL (M3v) with
concomitant HL. (Rovelli et al. 1992; Guglielmi
et al. 1998; de Botton et al. 2004). HL can more
commonly be seen as part of APL differentia-
tion syndrome (previously called retinoic acid
syndrome) after commencement of either all-
trans retinoic acid (ATRA) or arsenic trioxide
(ATO) therapy (Vahdat et al. 1994; Camacho
et al. 2000; Levy et al. 2008; Zhang et al. 2008;
Sanz et al. 2009; Zhou et al. 2010). In some
studies, increasing leukocytosis (WBC
>10x 10°/L) was a risk factor for the develop-
ment of the clinical findings of APL differentia-
tion syndrome such as unexplained fever, weight
gain, respiratory distress, pulmonary infiltrates,
pleural effusions or pericarditis (Frankel et al.
1992; Vahdat et al. 1994; Camacho et al. 2000).
HL either at diagnosis or after initiation of dif-
ferentiating therapy is a risk factor for early
death, especially from ICH secondary to dis-
seminated intravascular coagulation (DIC)
(Rovelli et al. 1992; Roberts et al. 2000; Zhang
et al. 2008; Zhou et al. 2010).

Due to the risk of early death from DIC and
hemorrhage, especially in those with the highest

WBC counts, it is vital to initiate supportive
care and induction therapy with ATRA and/or
ATO emergently (Sanz et al. 2005, 2009;
Tallman and Altman 2009). In lieu of random-
ized data, expert guidelines recommend treat-
ment of coagulopathy with fresh frozen plasma,
fibrinogen (fibrinogen concentrate or cryopre-
cipitate), and platelet transfusion to maintain
fibrinogen >150 mg/dL and platelets >50 x 10°/L
at the minimum in those with HL., with frequent
(i.e., every 6-8 h) monitoring and correction
(Sanz et al. 2005, 2009; Tallman and Altman
2009). Studies on the complementary use of
antifibrinolytics such as tranexamic acid have
not shown benefit (Sanz et al. 2009). Diagnostic
lumbar puncture and placement of a central
venous catheter should be avoided until the
coagulopathy has resolved (Sanz et al. 2005,
2009; Tallman and Altman 2009). Initiation of
treatment with a differentiating agent should
start prior to genetic confirmation of diagnosis
in those cases with sufficient clinical suspicion
(Sanz et al. 2005, 2009; Tallman and Altman
2009). The clinician should be cognizant of the
risk for HL development and concomitant DIC
after initiation of either ATRA or ATO.

In the pediatric North American INT0129
APL trial, hydroxyurea was initiated at a dose of
1 g/m?> and ATRA held if the WBC rose to
>30x 10°/L during ATRA therapy until the WBC
count was <10x 10%/L (Gregory et al. 2009). In a
Chinese study of 19 children with APL who
received single-agent ATO, all developed an
increase in WBC count with induction ATO with
5 having WBC >100x 10%/L (Zhou et al. 2010).
The two children with the highest WBC counts,
178 x 10°/L and 252 x 10°/L after ATO initiation,
both died from ICH. Zhou et al. (2010) initiated
hydroxyurea for all WBC >20x 10°/L while also
decreasing the ATO dose or even holding it in
patients with severe leukocytosis. The benefit of
holding ATO therapy with HL is unclear (Levy
et al. 2008; Sanz et al. 2009). Oral corticoste-
roids, which are utilized as treatment for APL
differentiation syndrome, have also been sug-
gested as a prophylactic agent with WBC
>5-50x 10%/L or with the initiation of induction
therapy in all patients to prevent the development
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of subsequent HL as well as severe pulmonary or
CNS symptoms (Wiley and Firkin 1995; Sanz
et al. 2005, 2009; Tallman and Altman 2009)
Randomized data are lacking. The use of leuka-
pheresis in APL with HL is controversial and dis-
cussed in Sect. 6.7.

6.5 Chronic Myelogenous

Leukemia

HL is reported to be more common in pediatric
patients with CML as compared to adults (Rowe
and Lichtman 1984; Millot et al. 2005). Even
with the high WBC counts at presentation, preva-
lence of leukostasis secondary to pediatric CML
is thought to be uncommon although it was seen
frequently in the small review by Rowe and
Lichtman (1984). Symptoms of leukostasis in
CML patients can include neurologic complaints
such as papilledema, cranial nerve defects, and
tinnitus, respiratory complaints, and priapism
(Rowe and Lichtman 1984). Priapism has been
noted in pediatric ALL and CML (Castagnetti
et al. 2008; Vaitkevi¢iené et al. 2013).
Management of HL in CML prior to the initiation
of tyrosine kinase inhibitor therapy can be
accomplished with hydroxyurea (Schwartz and
Canellos 1975). Management of pediatric
patients with signs and symptoms of leukostasis
lacks an evidence basis in the literature although
sources recommend utilization of chemotherapy
in addition to leukapheresis (Rowe and Lichtman
1984; Castagnetti et al. 2008). For low-flow
(ischemic) priapism in particular, adult guide-
lines recommend chemotherapy, leukapheresis,
and urologic therapy with therapeutic aspiration
and intracavernous sympathomimetics if aspira-
tion alone is not successful (Montague et al.
2003; Rogers et al. 2012). Castagnetti et al.
(2008) suggest patients can be managed without
invasive urologic procedures utilizing chemo-
therapy and leukapheresis alone; however, their
small cohort required a long period of time to
recover from priapism and half did not receive
leukapheresis. In addition they recommend the
use of anticoagulation with low-molecular-
weight heparin (especially with concomitant

thrombocytosis) although significant evidence on
utility is lacking. On long-term follow-up, none
of their patient cohort had developed clinical evi-
dence of erectile dysfunction.

6.6 Management of Tumor

Lysis Syndrome

The general management of tumor lysis syn-
drome (TLS) is discussed in Chap. 3. Patients
with HL are at increased risk of both laboratory
and clinical TLS, especially those with ALL.
Truong et al. (2007) showed that WBC
>20x 10°/L was an independent risk factor for the
development of TLS in pediatric ALL.
Montesinos et al. (2008) similarly reported that
WBC >25x 10°/L. was an independent risk factor
for TLS in adult AML patients, but it is unclear if
TLS is a significant issue in pediatric AML even
with HL (Inaba et al. 2008; Sung et al. 2012).
Prevention through the utilization of hyperhydra-
tion, urine alkalinization, and allopurinol are all
proven methods to reduce the risk of metabolic
complications in pediatric patients with HL. and
ALL (Maurer et al. 1988; Lascari 1991). Maurer
et al. (1988) showed no benefit in preventing
metabolic derangement through the use of low-
dose prednisone prior to initiation of induction
chemotherapy in pediatric ALL patients with
WBC >200x% 10°/L.

The most recent expert TLS guidelines list
both ALL and AML with concomitant HL as
high-risk for the development of TLS and recom-
mend prophylactic use of rasburicase in addition
to aggressive hydration to prevent hyperuricemia
(Cairo et al. 2010). These recommendations con-
curred with the Italian consensus guidelines for
ALL, although in the Italian opinion TLS was rare
in AML even with HL and therefore should not be
considered high-risk (Tosi et al. 2008). Cairo et al.
(2010) recommend one dose of rasburicase at a
dose of 0.1-0.2 mg/kg prior to the initiation of
therapy, while Tosi et al. (2008) recommend con-
tinuing daily therapy at a dose of 0.2 mg/kg/day
for 3-5 days. Additionally, the concomitant use of
allopurinol (due to the very rarely reported pre-
cipitation of uric acid precursor xanthine) and
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alkalinization (due to potential risk of calcium
phosphate precipitation) are not recommended
(Coiffier et al. 2008; Tosi et al. 2008; Howard
etal. 2011; Vaitkeviciené et al. 2013). Rasburicase
is contraindicated in patients with glucose-
6-phosphate dehydrogenase (G6PD) deficiency
and methemoglobinemia (Tosi et al. 2008; Cairo
et al. 2010; Howard et al. 2011; VaitkeviCiené
et al. 2013).

6.7 Leukapheresis

The most recent recommendations by the
American Society for Apheresis (ASFA) suggest
leukapheresis as first-line therapy for patients
with leukostasis secondary to HL due to the
potential to impact early death, although long-
term outcome is unaffected (Schwartz et al.
2013). However, the potential to impact early
death through leukapheresis was not shown in a
meta-analysis of AML studies by Oberoi et al.
(2014). The role of apheresis as leukostasis pro-
phylaxis with HL is not established but may be
considered (Schwartz et al. 2013). Per the ASFA
guidelines, the utilization of leukapheresis is
listed as a strong recommendation with moder-
ate-quality evidence for treatment of leukostasis
symptoms and should be considered as a weak
recommendation for leukostasis prophylaxis in
higher-risk AML patients (e.g., M4/M5 sub-
types, rapidly rising blast count) with WBC
>100x10°/LL and ALL patients with WBC
>400x 10°/L (Schwartz et al. 2013). Per the
ASFA guidelines, leukapheresis should not be
utilized solely for the prevention or treatment of
TLS in patients with HL (Schwartz et al. 2013).
These recommendations are unchanged from the
previous 2007 and 2010 ASFA guidelines
(Szczepiorkowski et al. 2007, 2010). No specific
contraindication to the use of leukapheresis in
APL patients is included in these guidelines
although it is mentioned as a relative contraindi-
cation in other guidelines due to the theoretical
risk of worsening DIC and the increasing risk of
ICH with lysis of leukemic promyelocytes
(Blum and Porcu 2007; Szczepiorkowski et al.
2007; Sanz et al. 2009; Szczepiorkowski et al.

2010; Zuckerman et al. 2012; Kim and Sloan
2013; Schwartz et al. 2013). Data to support this
contraindication are limited to one small study
in which a majority of patients undergoing leu-
kapheresis for HL had an adverse event that was
not temporally related to the leukapheresis pro-
cedure (Vahdat et al. 1994; Tallman and Altman
2009). Strauss et al. (1985) successfully per-
formed exchange transfusion on a 2-year-old
child with APL and a presenting WBC count of
617x10%/L. Zuckerman et al. (2012) recom-
mend leukapheresis in symptomatic adult AML
patients with WBC >50x 10°/L and in symptom-
atic ALL and CML adult patients with WBC
>150x 10°/L. Additionally, although stating a
lack of evidence, they recommend leukapheresis
in asymptomatic adult AML patients with WBC
>100x 10°/L to prevent leukostasis and asymp-
tomatic adult ALL patients with WBC
>300x 10°/L to prevent TLS.

Whether leukapheresis is an effective modality
to reduce early mortality is controversial.
McCarthy et al. (1997) studied 48 unselected
adult and pediatric patients with WBC
>100x 10°/L. who were leukoreduced and found
no statistical difference in early mortality rate
compared with similar unselected patients who
were not leukoreduced. Porcu et al. (1997) simi-
larly showed that effective leukapheresis did not
impact early mortality in adult patients, especially
those presenting with symptoms of leukostasis.
Additional adult studies, mainly with AML
patients, have had similar findings (Tan et al.
2005; Chang et al. 2007; De Santis et al. 2011).
Others have found a significant improvement in
early death rate in adult AML cohorts receiving
leukapheresis without impact on overall survival
(Thiébaut et al. 2000; Giles et al. 2001; Bug et al.
2007). Although multiple case reports and case
series are available in the pediatric literature in
regard to the effectiveness of exchange transfu-
sion and leukapheresis in HL, significant pediatric
data on resultant early mortality and long-term
outcomes, especially in AML, are lacking
(Carpentieri et al. 1979; Kamen et al. 1980;
Shende et al. 1981; Warrier et al. 1981; Del Vasto
et al. 1982; Strauss et al. 1985; Bunin et al. 1987;
Sykes et al. 2011). Potential complications from
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apheresis procedures, especially in children, must
also be considered, and such procedures should
only be performed in specialized centers (Michon
et al. 2007).

Other Treatment Modalities
for Cytoreduction

6.8

Many older studies have utilized more conserva-
tive measures with success in cytoreduction for
patients with HL. Such interventions may have a
non-inferior impact on early death as compared
to more invasive and expensive interventions
such as leukapheresis.

6.8.1 Hyperhydration

Randomized controlled trials are lacking in
regard to the benefits of hyperhydration
although multiple small studies, especially in
pediatric ALL, have shown significant decre-
ment in the WBC count with hydration alone,
obviating the need for leukapheresis (Maurer
et al. 1988; Lascari 1991; Nelson et al. 1993,
Basade et al. 1995).

6.8.2 Hydroxyurea

Berg et al. (1979) reported on an adult cohort of
87 AML patients who were pretreated with large
doses of hydroxyurea and found no difference in
early death or long-term outcome in those with
and without HL. Hydroxyurea was effective in
rapidly lowering the WBC count in the majority
of patients. Grund et al. (1977) similarly showed
that hydroxyurea was effective in decreasing
WBC count in a small cohort of adult patients
with acute leukemia.

6.8.3 Cranial Irradiation

Cranial radiotherapy has been noted as an effec-
tive cytoreductive technique for intracerebral
leukostasis in both children and adult patients

(Gilchrist et al. 1981; Ferro et al. 2014). Ferro
et al. (2014) successfully utilized whole-brain
radiation therapy to alleviate neurologic symp-
toms in an adult cohort with AML and HL.
Maurer et al. (1988) showed no benefit of cranial
irradiation in a pediatric ALL cohort with WBC
>200x 10%/L. Chang et al. (2007) utilized cranial
irradiation and leukapheresis in adult patients
with AML and HL and found no decrease in
acute ICH or improved survival. Due to long-
term neurologic sequelae, especially in young
patients (i.e., <6 years), and risk for secondary
malignancy, cranial irradiation has fallen out of
favor (New 2001).

6.9  Other Supportive Care
Considerations
6.9.1 Potential Laboratory

Discrepancies

6.9.1.1 Pseudohyperkalemia
Hyperleukocytosis has been noted to cause pseudo-
hyperkalemia due to increased fragility of blasts
leading to cell rupture and increased potassium in
the plasma sample. Cell lysis can occur secondary
to minor mechanical stress such as pneumatic tube
transport, prolonged tourniquet placement, vacu-
tainer collection, manual shaking or centrifugation.
Delayed analysis can also lead to hyperkalemia.
Venous blood gas samples are a simple way to avoid
such spurious results (Dimeski and Bird 2009).

6.9.1.2 Pseudohypoxemia

Due to the rapid consumption of oxygen by leu-
kemic blasts, it is vital that blood gas samples be
kept on ice and analyzed immediately to prevent
spurious results (Fox et al. 1979; Hess et al. 1979;
Shohat et al. 1988; Charoenratanakul and
Loasuthi 1997). Generally the patient’s clinical
condition and pulse oximetry reading will corre-
late, obviating the need for blood gas measure-
ment. Gartrell and Rosenstrauch (1993) note that
methemoglobinemia may be underreported at
diagnosis in patients with HL; modern pulse
oximetry should correlate with blood gas results
in these cases.
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6.9.1.3 Pseudohypoglycemia

Consumption of glucose by excess leukocytes
can lead to pseudohypoglycemia in patients with
HL (Elrishi et al. 2010). Samples that are kept
cold and run promptly can avoid this potential
spurious result.

6.9.1.4 Pseudothrombocytosis

Leukemic blast lysis can lead to cell fragmenta-
tion which automated counters may read as plate-
lets leading to an artificial increase in the platelet
count. Since DIC is a common presentation with
HL and platelet transfusion may be required to
prevent bleeding with underlying true thrombo-
cytopenia, it is important to examine the periph-
eral smear if the automated platelet count reading
does not correlate with previous values or the sta-
tus of the patient.

6.9.2 Transfusion Practice with
Underlying Hyperleukocytosis

As described by Lichtman (1973), blood viscosity
is usually unaltered in HL secondary to a decrease
in the erythrocrit concomitant with the increased
leukocrit. Therefore, blood transfusion should be
avoided as it can lead to increased risk of leukosta-
sis by increasing blood viscosity. Harris (1978)
noted that the mean hemoglobin concentration was
significantly higher in adult AML patients who suf-
fered an early death with three patients dying soon
after blood transfusion. Therefore, asymptomatic
patients should not be transfused and in general
hemoglobin concentration should be maintained
below 10 g/dL (Harris 1978). Evidence regarding
this recommendation in ALL patients is less clear
(Lowe et al. 2005; VaitkeviCiené et al. 2013).

6.9.3 Anesthetic Procedures

Due to the risk of pulmonary complications,
anesthesia should be undertaken with extreme
care in the patient with HL but is often required
due to the need for diagnostic procedures such as
lumbar puncture and bone marrow aspiration.
Fong et al. (2009) retrospectively reviewed 52

pediatric cases with HL that required anesthesia;
3 children required postanesthesia intensive care
and 13 had less serious adverse events, all of a
respiratory nature. In patients with respiratory
distress or mediastinal mass at presentation, con-
sideration should be given for utilizing peripheral
blood for leukemia cytomorphology and cytoge-
netics rather than bone marrow aspiration
(Vaitkeviciené et al. 2013).

6.10 Summary

Although significant gains have been made in
the treatment of pediatric leukemia, notably
ALL, APL, and CML, HL continues to pose risk
both in regard to early death and decreased
long-term survival. An evidence basis for sup-
portive care guidelines is lacking in HL; yet,
even without such consensus, intensive support-
ive care has significantly improved early death,
especially in AML patients. Many patients who
ultimately have early death present with fea-
tures, chiefly ICH, for which no intervention
will likely improve survival. Additionally, many
therapies that have been suggested have no
impact on overall survival; in fact, secondary to
the underlying aggressive phenotypes, the over-
all survival is often shorter with HL. Based on
the available evidence, we present our recom-
mendations in Table 6.1. In general, prompt cor-
rection of coagulopathy, hypofibrinogenemia,
thrombocytopenia, and hyperuricemia and rapid
initiation of hydration and antileukemic therapy
are vital management strategies for all patients
with HL.
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Abstract

Pediatric oncology patients develop similar
abdominal emergencies as immunocompetent
children in addition to acute abdomen from
malignancy or secondary to treatment. Cytotoxic
chemotherapy, radiotherapy and extensive sur-
gical resection all contribute to the risk of gas-
trointestinal symptoms. Immunocompromised
children may lack the inflammatory signs of
acute abdomen making prompt diagnosis of
pediatric oncologic abdominal emergencies
challenging. Here we review the most common
abdominal emergencies secondary to malig-
nancy including gastrointestinal hemorrhage,
infection, mechanical obstruction, and perfora-
tion as well as management strategies for these
conditions. A high index of suspicion and a
prompt multidisciplinary approach are essential
for optimal patient care. Early initiation of
aggressive medical management reduces the
need for invasive surgical treatment and con-
comitantly improves mortality rates. As there is
a lack of evidence-based guidelines, the
reviewed recommendations for supportive care
and treatment of pediatric oncologic abdominal
emergencies predominantly stem from expert
opinion.
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7.1 Introduction
Pediatric oncology patients develop similar
abdominal emergencies as immunocompetent
children in addition to acute abdomen from malig-
nancy or secondary to treatment (Fisher and
Rheingold 2011). Cytotoxic chemotherapy, radio-
therapy and extensive surgical resection all con-
tribute to the risk of gastrointestinal (GI)
symptoms. Pain is the most common and sensitive
clinical symptom of an abdominal emergency;
however, immunocompromised patients often
lack the inflammatory response needed to elicit
and localize signs of an acute abdomen making
prompt diagnosis of pediatric oncologic abdomi-
nal emergencies challenging (Silliman et al. 1994;
Fisher and Rheingold 2011; Andreyev et al. 2012).
In general, the most common abdominal emer-
gencies secondary to malignancy are GI hemor-
rhage, infection, mechanical obstruction and
perforation (Haut 2005; Pizzo 2011). Table 7.1
outlines the causes of abdominal pain in children
with cancer and Table 7.2 the most common diag-
noses associated with acute abdomen. A high
index of suspicion and prompt multidisciplinary
approach including surgical consultation are
essential for optimal patient care (Arul and Spicer
2008; Fisher and Rheingold 2011). Detailed his-
tory and physical examination are of paramount

Table 7.1 Gastrointestinal side effects of cancer therapy

Treatment modality Potential side effects
Bacterial overgrowth

Bile acid malabsorption

Chemotherapy

Pancreatic insufficiency
Neutropenic enterocolitis
Edema, ulceration, atrophy
Increased bowel permeability
Transmural infection
Radiation therapy Radiation enteritis
Stricture
Inflammation/cell death
Progressive ischemia
Fibrosis
Loss of stem cells
Surgery Ileus
Adhesion formation
Postoperative intussusception

importance to aid in establishing the differential
diagnosis. Appropriate laboratory studies and
diagnostic imaging can provide clues to etiology
and location of pathology. Early initiation of
aggressive medical management reduces the
need for invasive measures and improves mortal-
ity rates (Yip and Goddard 2010). However, given
the lack of randomized therapeutic trials, current
recommendations for supportive care and treat-
ment of pediatric oncologic abdominal emergen-
cies stem from expert opinion and are summarized
and graded in Table 7.3.

Table 7.2 Etiology of acute abdomen in pediatric oncol-
ogy patients

Clinical scenario Underlying etiologies
Bacterial
Viral

Fungal

Infection

Opportunistic
Inflammation (acute) Neutropenic enterocolitis
Perforation
Graft-versus-host disease
Pancreatitis
Perirectal abscess
Appendicitis
Inflammation (chronic) Bowel obstruction
Adhesions/strictures
Intussusception
Graft-versus-host disease
Pancreatitis
Ischemia Mesenteric ischemia
Metabolic Malabsorption
Hepatic insufficiency
VIP secretion

Mesenteric vascular
insufficiency

Vascular

Mesenteric thrombosis
Venoocclusive disease/
sinusoidal obstructive
syndrome

Obstruction
Perforation

Primary tumor/secondary
malignancy
Hemorrhage

Abdominal compartment

syndrome
Pancreatitis
Congenital/anatomic Meckel’s diverticulum

Intestinal duplication

VIP vasoactive intestinal peptide
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7.2  Gastrointestinal Infection

Infection is a common complication of children
undergoing cancer treatment; nearly one-third of
these infections originate from the GI tract
(Hobson et al. 2005). GI tract infection results
from direct chemotherapeutic toxicity, opportu-
nistic infections, and common conditions such
as rotavirus or Clostridium difficile that also
affect healthy children. Typhlitis and appendici-
tis were the most common surgical complications

in pediatric leukemia patients, occurring at fre-
quencies of 1.7 % and 1.5 %, respectively,
among children treated at a single institution
(Hobson et al. 2005). Detailed history and physi-
cal exam, neutrophil count, stool cultures, and
appropriate diagnostic imaging studies are nec-
essary to establish the correct diagnosis and
guide treatment. When the etiology remains
unclear, diagnostic laparoscopy offers a mini-
mally invasive approach to visually inspect the
peritoneal cavity.

Table 7.3 Summary of treatment strategies and level of evidence for management of acute abdomen®*

Clinical scenario Recommendations Level of evidence®
Neutropenic enterocolitis/typhlitis Initial evaluation with ultrasound 1C

CT if high clinical suspicion and US nondiagnostic 1C

Initial complete gut rest (NPO) 2C

Parenteral nutrition while NPO 1C

Nasogastric suction for decompression 2C

Narcotics for analgesia 1C

Consideration for GCSF utilization 2C

Broad antimicrobial coverage 1C

Surgery only if supportive care fails to improve 1C

clinical picture
Appendicitis

Initial evaluation with US 1C
CT if US equivocal

1C

Surgical management if strong concern for appendicitis 1C
based on exam or imaging findings

Perirectal abscess Sitz baths for symptomatic relief 1C
Laxatives and stool softeners to minimize painful 1C
defecation and prevent trauma
Broad-spectrum antibiotics 1C
Surgery only if supportive care fails to improve 1C
clinical picture

GI hemorrhage Acute stabilization; fluid support, PRBC transfusion, 1C
Vasopressors
Elevate head of bed to 30-45° 2C
Keep hemoglobin >8 g/dL and platelets >75 x 10°/L 1C
Correction of coagulopathy with FFP 1C
Consideration for gastric lavage 2C
Endoscopic evaluation and management 1C

Pancreatitis CT with IV contrast for evaluation 1C
Consideration for US as primary imaging modality 2C
Early introduction of enteral feeding 1C
Early oral refeeding in those with mild pancreatitis 2C
Narcotics for analgesia 1C
Antiemetics as needed 1C
Broad-spectrum antibiotics in the patient with 1B
necrotic pancreatitis and clinical deterioration
Consideration for octreotide 2C

(continued)
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Table 7.3 (continued)

Clinical scenario Recommendations Level of evidence®
Bowel obstruction Initial evaluation with KUB followed by 1C
abdominal CT
Avoidance of barium in neutropenic patients 1C
Initial complete gut rest (NPO) 1C
Parenteral nutrition while NPO 1C
Nasogastric suction for decompression 1C
Narcotics for analgesia 1C
Antiemetics as needed 1C
Surgery if with persistent bleeding, intraperitoneal 1C
perforation, clinical deterioration, or presence
of a mass
Tumor rupture/organ perforation Acute stabilization; fluid support, PRBC transfusion, 1C
Vasopressors
Initial complete gut rest (NPO) 1C
Nasogastric suction for decompression 1C
Broad-spectrum antibiotics 1C
Surgical evaluation/intervention 1C
Abdominal compartment syndrome  Diagnosis based on IAP >20 mmHg 2C
Nasogastric suction for decompression 1C
Avoidance of elevation of head of bed, sedatives, 2C
and analgesics which may all increase AP
Percutaneous catheter decompression of 1C
intraperitoneal air or fluid
Optimize fluid balance with hypertonic crystalloids 1C

and colloids

CT computed tomography, US ultrasound, NPO nothing by mouth, GCSF granulocyte colony-stimulating factor, G/
gastrointestinal, PRBC packed red blood cell, FFP fresh frozen plasma, IV intravenous, KUB kidney, ureter, bladder,

IAP intra-abdominal pressure
aSee text for full detail
"Per Guyatt et al. (2006); see Preface

7.2.1 Neutropenic Enterocolitis

Neutropenic enterocolitis refers to necrotizing
inflammation of the small or large intestine that
occurs in the setting of neutropenia. Typhlitis
specifically refers to necrotizing inflammation of
the cecum, the most commonly affected bowel
segment (Arul and Spicer 2008). Though usually
seen with prolonged neutropenia (i.e., >7 days),
typhlitis has been reported without neutropenia
(McCarville et al. 2005). The watershed vascula-
ture and distensibility of the cecum may explain
its predilection for infection compared to other
bowel segments. With earlier diagnosis and
intervention, current mortality rates for typhlitis
are approximately 2.5 % (Haut 2005; Pizzo
2011). Factors that may contribute to the devel-
opment of neutropenic enterocolitis include: (1)
prophylactic antibiotics which alter normal

colonic flora; (2) cytotoxic chemotherapy which
disrupts the bowel mucosal barrier permitting
microbial and fungal invasion which may lead to
hemorrhage and necrosis; and (3) prolonged
neutropenia which prevents adequate infection
clearance and predisposes to sepsis (Arul and
Spicer 2008).

Bacterial pathogens account for >90 % of
enterocolitic infection. The most common
bacterial pathogens include Escherichia coli,
Pseudomonas aeruginosa and Clostridium dif-
ficile (Haut 2005). Less common bacterial
pathogens include coagulase-negative staphylo-
coccus and alpha-hemolytic streptococcus. The
most common fungal pathogens are Candida
spp- (Albano and Sandler 2004; Fisher and
Rheingold 2011; Pizzo 2011). Typhlitis typi-
cally develops in patients >10 years of age
and within 2-3 weeks of receiving intensive



7 The Acute Abdomen

115

chemotherapy (McCarville et al. 2005; Sundell
et al. 2012). Case series suggest that patients
with acute myelogenous leukemia (AML) are at
high risk for typhlitis in any phase of therapy
(Gray et al. 2010).

Symptoms of neutropenic enterocolitis are
nonspecific and highly variable and include
abdominal pain, vomiting, diarrhea and GI bleed-
ing (McCarville et al. 2005; Sundell et al. 2012).
Signs can include fever, abdominal distension,
tachycardia, hypotension, sepsis, and peritoneal
irritation that can be diffuse or localized to the
right lower quadrant (Sundell et al. 2012).
Uncommonly a cecal mass is palpable (Haut
2005; Gray et al. 2010). Appendicitis, pancreati-
tis, pseudomembranous colitis, intussusception,
and pelvic or peritoneal abscess should be con-
sidered in the differential diagnosis.

In the neutropenic patient with acute abdomi-
nal pain, a two-view plain radiograph should first
be obtained as it may show an appendicolith,
pneumatosis, or free air. Plain radiographs may
support the diagnosis of enterocolitis with find-
ings of pneumatosis and bowel wall thickening
although most findings are nonspecific (Fisher
and Rheingold 2011; Pizzo 2011; Sundell et al.
2012). Presence of free air will require immedi-
ate surgical consultation and intervention.
Contrast enema is contraindicated if neutropenic
enterocolitis is suspected as it may lead to perfo-
ration (Arul and Spicer 2008; Morgan et al.
2011). Ultrasound (US) is the preferred imaging
modality for demonstrating bowel wall thicken-
ing (McCarville et al. 2005). A diagnosis of
enterocolitis consists of bowel wall thickening
>3 mm, and mortality rates increase when bowel
wall thickening exceeds 10 mm (Pizzo 2011;
Sundell et al. 2012). If US results are inconclu-
sive, computed tomography (CT) is the current
definitive imaging study (Cloutier 2010; Pizzo
2011). CT is very sensitive for identifying cecal
wall thickening, transmural inflammation, soft
tissue masses and pneumatosis. A characteristic
feature of typhlitis on CT is necrosis localized to
the cecum. Both US and CT may reveal a target
sign, an echogenic center with a wide hypoecho-
genic periphery, at the cecum in typhlitis. CT
may overestimate bowel wall thickening leading
to false-positive diagnoses of enterocolitis and

typhlitis. Magnetic resonance imaging (MRI) for
the diagnosis of neutropenic enterocolitis has not
been reported in the medical literature.

Supportive management of enterocolitis has
typically included complete gut rest (NPO) dur-
ing the acute phase of symptomatic pain, paren-
teral nutrition while NPO and nasogastric
suctioning for decompression (Sundell et al.
2012). However, evidence regarding the benefit
of these interventions is lacking. Narcotics should
be utilized for analgesia. Vasopressor support
may be required; hypotension is associated with
poor outcome. Patients may require packed red
blood cell and platelet transfusions (Albano and
Sandler 2004; Pizzo 2011). The utility of granu-
locyte colony-stimulating factor (GCSF) in
patients with enterocolitis is unclear, and the use
of GCSF is discussed in more detail in Chap. 15.
A non-evidence-based argument to support
GCSF use is generally that resolution of neutro-
penia parallels resolution of typhlitis (Fisher and
Rheingold 2011). On the other hand, GCSF could
theoretically increase inflammation and cause
obstruction.

Early imaging and rapid initiation of antimi-
crobials are vital, as these interventions may
decrease mortality in neutropenic enterocolitis.
Antibacterial therapy should be broad to cover
for enteric pathogens, especially Gram-negative
and anaerobic microbes in addition to Gram-
positive enterococcal species. Cloutier (2010)
suggests that monotherapy with piperacillin-
tazobactam or imipenem-cilastatin or dual ther-
apy with either ceftazidime or cefepime with
metronidazole is sufficient initial coverage for
neutropenic enterocolitis. Metronidazole is the
generally preferred anaerobic coverage given the
similar clinical features of typhlitis and pseudo-
membranous enterocolitis due to C. difficile
(Sundell et al. 2012). Such regimens have not
been specifically studied in pediatric neutropenic
enterocolitis.

Typhlitis is an oncologic emergency because
it may lead to bowel obstruction or perforation
requiring surgical intervention (Haut 2005).
Consultation with surgery should be requested
early, even if surgery is not anticipated. Surgery
should be deferred until supportive therapy has
clearly failed or the following complications
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develop: perforation, hemorrhage despite correc-
tion of thrombocytopenia and coagulopathies,
obstruction, necrosis, abscess or peritonitis
requiring drainage, fistula, toxic megacolon, or
septic shock (Gray et al. 2010; Morgan et al.
2011; Sundell et al. 2012). Surgery consists of
visualization and management of bleeding,
resecting necrotic portions of the bowel, and
possible transient diversion via colostomy
(Pizzo 2011).

7.2.2 Appendicitis

Incidence of appendicitis in pediatric leukemia
and lymphoma is the same as the general popula-
tion, ranging from 0.5-1.5 % (Hobson et al.
2005; Fisher and Rheingold 2011). Signs and
symptoms of appendicitis may overlap with neu-
tropenic colitis; in the patient who does not
improve with medical management for enteroco-
litis, the physician should consider appendicitis
(Albano and Sandler 2004). In the review by
Hobson et al. (2005), they found that pediatric
oncology patients had inconsistent clinical signs
and symptoms of appendicitis, routinely lacked
fever and often lacked localizing signs on abdom-
inal exam. However, in a similar cohort, Chui
et al. (2008) reported that fever was common and
the majority presented with localizing abdominal
signs prior to surgery. In both cohorts, a delay in
diagnosis was common (Hobson et al. 2005;
Chui et al. 2008).

Although a KUB may show an appendicolith
to diagnosis appendicitis, a staged protocol with
US followed by CT in those patients with an
equivocal US has been found accurate and cost-
efficient in the regular pediatric population while
reducing radiation exposure (Wan et al. 2009;
Krishnamoorthi et al. 2011). Whether this meth-
odology is effective for pediatric oncology
patients is unknown. Hobson et al. (2005) noted
that CT evaluation was not accurate in their
cohort of pediatric oncology patients, with only
2 of 7 patients having classic CT findings. Again,
Chui et al. (2008) reported dissimilar results as
8 of 10 patients had CT imaging consistent with
appendicitis. Additionally, patients with typhlitis

have been noted to have appendiceal thickening
of uncertain significance in a small percentage of
cases and not correlated with development of
appendicitis (McCarville et al. 2004). Isolated
appendiceal typhlitis has also been noted in case
reports (McAteer et al. 2014).

Management of acute appendicitis during neu-
tropenic episodes remains somewhat controver-
sial. Small case series have shown that medical
management with broad spectrum antibiotics has
resulted in resolution of symptoms without recur-
rence (Wiegering et al. 2008). Others suggest that
surgery remains the definitive treatment modality
even in the presence of neutropenia, with the ante-
cedent potential for infectious complications and
delayed wound healing, given the potential risks
of ruptured appendicitis (Hobson et al. 2005;
Chui et al. 2008). It is unclear if those patients
who were medically managed had appendicitis or
rather isolated appendiceal typhlitis. It has also
been argued that pediatric oncology patients
undergoing a primary abdominal operation have
incidental appendectomy to decrease future risk
of appendicitis especially during periods of neu-
tropenia (Steinberg et al. 1999).

7.2.3 Perirectal Abscess

Prolonged severe neutropenia can also lead to
the development of perirectal abscess. Most
abscesses are polymicrobial, including Gram-
negative, Gram-positive and anaerobic organ-
isms. Commonly seen microbes are E. coli,
P. aeruginosa, and staphylococcal and strepto-
coccal species (Pizzo 2011). Perirectal abscesses
are often occult. Patients infrequently complain
of anorectal pain, which can be independent of
defecation. Since neutropenia precludes the
development of purulence, exam may yield only
erythema, tenderness to anorectal palpation,
edema or cellulitis (Pizzo 2011). Perianal exami-
nation is essential in the neutropenic patient to
monitor for this potential complication; rectal
examination should be avoided due to concern
for damaging friable mucosa and introducing
bacteria (Biiyiikasik et al. 1988; Wolfe and
Kennedy 2011; Mercer-Falkoff and Lacy 2013).
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Initial medical management of perirectal
abscess includes sitz baths to provide symptom-
atic relief as well as laxatives and stool softeners
to minimize painful defecation and prevent fis-
sures and tears. As with enterocolitis, broad-
spectrum parenteral antibiotics should be utilized.
GCSF can be considered in the neutropenic
patient although there is no evidence to support
its usage. Surgical management may include
incision and drainage, debridement, or further
intervention but only if there is a fluctuant mass,
large amounts of necrotic tissue, progression to
necrotizing fasciitis, or a persistent fistula (Arul
and Spicer 2008; Pizzo 2011).

Gastrointestinal
Hemorrhage

7.3

Severe GI hemorrhage requires immediate
medical, and potentially, surgical intervention.
Common etiologies include gastritis or esophagi-
tis, ulcers, necrotizing pancreatitis, primary GI
tumors, infection, and radiation-induced inflam-
mation and microvascular damage (i.e., mucosal
telangiectasias). Hemorrhagic gastritis of varying
severity may occur in almost half of pediatric
oncology patients (Kaste et al. 1999). Common
etiologies of ulcer formation include peptic ulcer
disease, infection, increased intracranial pressure
stimulating the vagal nerve and parietal cells
(Cushing’s ulcer), and steroids. Esophageal
bleeding results from progressive esophageal
varices associated with portal hypertension or
Mallory-Weiss tears with repeated emesis.
Tumors precipitate bleeding by vascular infiltra-
tion or abnormal tumor vessel growth (direct
damage) as well as infarctions and lacerations via
mass effect (indirect damage). Common infec-
tious agents that may trigger significant bleeding
include fungi such as Candida spp., viral patho-
gens including Herpesviridae, C. difficile, and
the opportunistic protozoan cryptosporidium
(Kaste et al. 1999; Fisher and Rheingold 2011).
Sepsis and disseminated intravascular coagula-
tion can exacerbate bleeding. Anti-angiogenic
chemotherapeutic agents such as bevacizumab,
sunitinib, and sorafenib can cause severe

bleeding, poor wound healing, and gastric perfo-
ration; such adverse manifestations should
prompt immediate discontinuation. Ginkgo biloba,
a commonly utilized nutritional supplement for
fatigue, depression and memory loss, has been
associated with an increased bleeding risk
(Demshar et al. 2011). Oncology patients should
avoid aspirin and nonsteroidal anti-inflammatory
drugs (NSAIDs) to reduce bleeding risk.

Signs and symptoms of GI hemorrhage vary.
Symptoms include pain, hematemesis, melena or
hematochezia, and anemia-induced symptoms
and signs such as fatigue, headache, dizziness,
syncope, dyspnea, pallor, and oliguria. To pre-
vent aspiration, the patient’s head of the bed
should be at an angle of 30-45° (Fisher and
Rheingold 2011). In the patient with signs or
symptoms of volume depletion, immediate bolus
intravenous isotonic crystalloid fluids should be
initiated and type O~ red blood cells considered
while awaiting results of blood counts and for
preparation of crossmatched packed red blood
cells. If thrombocytopenia is suspected, empiric
platelet transfusion can also be considered. If
hypotension persists despite appropriate fluids
and blood products, vasopressors are indicated.
The initial emergent laboratory workup includes:
(1) complete blood count (CBC) to evaluate
severity of anemia and thrombocytopenia; (2)
coagulation evaluation with prothrombin, partial
thromboplastin time and fibrinogen; and (3) type
and cross in preparation for blood products.
Setting goals and anticipating blood loss will
maximize safety. Goals include: (1) correction of
anemia, with maintenance of hemoglobin >8 g/
dL; (2) correction of thrombocytopenia, with
maintenance of platelets >75x 10°/L; and (3)
correction of any coagulopathy with either
fresh frozen plasma or fibrinogen. Complete
gut rest may be augmented with histamine
blockers or proton pump inhibitors.

The necessity of gastric lavage remains
unclear. In non-oncology adult patients, the
aspirate results determine an individual’s pre-
endoscopic risk stratification. A high-risk lesion
consists of a bleeding lesion or visible vessel on
endoscopy. A bloody (versus “coffee-ground” or
bilious) aspirate is 75 % specific for an active
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upper GI bleed (Abdulrahman et al. 2004). Less
is known about the utility of gastric lavage in
pediatric oncology patients. In children with
bright red blood or evidence of brisk bleeding
during gastric lavage, management includes
prompt endoscopic ligation or sclerotherapy. If
the patient has esophageal varices, systemic infu-
sion of vasopressin for 24 h may decrease portal
circulation enough to halt bleeding without
endoscopic intervention.

Although endoscopy potentially increases the
risk of infection in neutropenic patients, it is the
standard method to identify and control both
upper and lower GI hemorrhage. If endoscopy
fails to identify the origin of the bleed, angiogra-
phy or radionuclide scans may help localize the
source, assuming that the rate of bleeding exceeds
1 or 0.5 mL/min for these different diagnostic
methodologies, respectively. If hemorrhage per-
sists or recurs, management includes reevalua-
tion and treatment of anemia, thrombocytopenia,
and coagulopathies followed by repeat endos-
copy or surgical intervention (Arul and Spicer
2008). Surgical intervention should precede
endoscopic hemostasis if bleeding is associated
with tumor. Figure 7.1 outlines the algorithmic
approach to the management of acute GI bleed-
ing in pediatric oncology patients.

7.4  Pancreatitis

Pancreatitis represents a rare but well-known
complication of multiple chemotherapeutic
agents, most notably asparaginase, steroids, mer-
captopurine and cytarabine (Haut 2005; Trivedi
and Pichumoni 2005; Garg et al. 2010).
L-asparaginase and PEG-asparaginase derived
from E. coli are well described for inducing
acute pancreatitis of all degrees of severity with
a reported incidence of 2—18 % (Knoderer et al.
2007; Kearney et al. 2009). Although suggested
in some studies, it is not clear that PEG-
asparaginase leads to an increased risk of pancre-
atitis as compared to L-asparaginase (Silverman
et al. 2001; Knoderer et al. 2007). Older patients
(i.e. >9 years) have been noted to have a
significantly increased risk of pancreatitis with

pancreatitis occurring early after asparagi-
nase introduction and typically days after
L-asparaginase and weeks after PEG-
asparaginase secondary to differences in drug
half-life (Silverman et al. 2001; Knoderer et al.
2007; Kearney et al. 2009). No difference in pan-
creatits incidence has been noted with intramus-
cular versus intravenous PEG-asparaginase to
date (Silverman et al. 2010). In their retrospec-
tive review, Knoderer et al. (2007) note that
asparaginase-associated pancreatitis was signifi-
cantly correlated with concomitant prednisone
and daunomycin and significantly less likely
with dexamethasone. Reintroduction of aspara-
ginase after pancreatitis is controversial. In their
review, Kearney et al. (2009) did not show a sig-
nificant difference in outcome in those patients
with and without pancreatitis although their gen-
eral practice was to rechallenge patients.
Knoderer et al. (2007) reported a 7.7 % incidence
of pancreatitis with rechallenge as compared
to Kearney et al. (2009) who reported a 63 %
recurrence rate. Clinical diagnosis of asparagi-
nase-associated pancreatitis is relatively straight-
forward; Kearney et al. (2009) note that all
patients presented with abdominal or back pain
and the majority had nausea or emesis. Severity
of pancreatitis was not noted to correlate with
degree of elevation of amylase and lipase
(Kearney et al. 2009).

Laboratory workup merely supports the clini-
cal suspicion of acute pancreatitis. Initial labora-
tory tests should include: (1) electrolytes to
evaluate for hypocalcemia secondary to its pre-
cipitation; (2) renal and liver function tests to
monitor for multiorgan failure secondary to cyto-
kine release from the inflamed or necrotic pan-
creas; (3) triglycerides, inciting agents that when
hydrolyzed to free fatty acids lead to free radical
damage; and (4) the exocrine enzymes amylase
and lipase, which when elevated suggest pancre-
atic autodigestion and are the hallmark of diagno-
sis (Tsuang et al. 2009). Of note, amylase and
lipase may not be significantly elevated. Excessive
cytokine release can lead to respiratory distress
and therefore arterial blood gas and chest radiog-
raphy may be clinically indicated for proper man-
agement (Arul and Spicer 2008).
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In general, the preferred abdominal imaging
modality to identify the extent of pancreatic
edema, hemorrhage, necrosis, and other abnormal-
ities is CT with IV contrast although Kearney et al.
(2009) note significant correlation between US
and CT when utilizing US as the primary imaging
modality in patients with asparaginase-associated
pancreatitis. Plain film is usually unremarkable
although abdominal radiography (i.e., kidney, ure-
ter, bladder; KUB) may show a sentinel loop in the
left upper abdomen representing a localized ileus
as a result of peripancreatic inflammation.

Treatment of acute pancreatitis has histori-
cally included nasogastric decompression, gut

rest, hydration with electrolyte replacement or
parenteral nutrition for prolonged gut rest, anal-
gesia that usually includes opioids, and antiemet-
ics. Whether nasogastric decompression 1is
necessary is unclear; Kearney et al. (2009)
reported that only 29 % of pediatric patients with
asparaginase-associated pancreatitis were treated
with nasogastric decompression with no differ-
ence in outcome. Additional pediatric data are
lacking. Similarly, the need for gut rest has
recently come into question. In adult patients
with severe acute pancreatitis, Kumar et al.
(2006) showed that enteral nutrition via both
nasogastric and nasojejunal routes was well
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tolerated, while in a meta-analysis Petrov et al.
(2007) reported that oral refeeding in adults was
significantly associated with pain relapse. In a
review by Kumar and Gariepy (2013) they con-
clude that early introduction of enteral feeding
should be strongly considered in pediatric
patients no matter the severity of the pancreatitis
while early oral refeeding can be considered in
those with mild disease although pediatric data
are lacking. Despite its theoretical association
with reduced sphincter of Oddi spasms, no clini-
cal studies support meperidine over other narcot-
ics (Thompson 2001). Potential complications
include development of an abscess, pseudocyst,
necrosis or hemorrhage. Most cases of pancreati-
tis resolve spontaneously and complications are
rare; incidence of asparaginase-induced hemor-
rhagic pancreatitis in pediatric oncology is
<0.5 % (Top et al. 2005). Unlike uncomplicated
acute pancreatitis, hemorrhagic pancreatitis is a
medical emergency with mortality rates
approaching 100 % if untreated (Top et al. 2005).
Hypovolemic shock is common and initial man-
agement parallels that of any GI bleed.

Pediatric oncology patients are generally
placed on an empiric antibiotic regimen as uti-
lized in neutropenic enterocolitis at the time of
pancreatitis diagnosis. Procurement of cultures to
guide antibiotic therapy can be accomplished via
CT-guided fine-needle aspiration (Tenner et al.
2013). Duration of antimicrobial coverage is gen-
erally 10-14 days, depending on the patient’s
clinical status. Surgical debridement becomes
necessary only when clinical deterioration per-
sists despite adequate antibiotic coverage; percu-
taneous catheter drainage to irrigate the necrosis
can be considered prior to surgical debridement
(Top et al. 2005). The synthetic somatostatin
octreotide, which inhibits exocrine pancreatic
enzyme production, represents a promising
experimental option in pediatrics but is still
investigational (Wu et al. 2008).

7.5 Bowel Obstruction

Bowel obstruction results from luminal obstruc-
tion, lesions within the bowel wall, extrinsic
bowel compression, dysfunctional motility, and

radiation-induced enteritis (Arul and Spicer 2008;
Yip and Goddard 2010). Primary tumors that invade
through the GI mucosa and contribute to luminal or
intrinsic obstruction include non-Hodgkin lym-
phoma (especially Burkitt lymphoma), rhabdo-
myosarcoma and teratoma. In patients with primary
abdominal Burkitt lymphoma, almost a fifth of
patients present with small bowel intussusception at
the time of diagnosis (Gupta et al. 2007). Tumors
that contribute to extrinsic compression include
neuroblastoma and peritoneal metastases of Wilms
tumor. Postoperative complications after tumor
resection may also contribute to GI luminal obstruc-
tion; these include stricture formation, intussuscep-
tion, and, less frequently, hernia. Although
postoperative adhesions are the most common
cause of extrinsic bowel compression, these gener-
ally present as obstruction months to years later. In
contrast, postoperative small bowel intussusception
usually occurs within 2 weeks of surgery. Functional
motility obstruction commonly follows administra-
tion of vinca alkaloids and opiates as well as after
any abdominal surgical procedure. Of note, fecal
impaction is a common cause of obstruction in
both immunocompetent and immunocompromised
pediatric patients. The risk of radiation-induced
bowel obstruction increases with prior abdominal
surgery, treatment with concomitant radiation-
sensitizing chemotherapy, radiation doses >45 Gy
to the bowel and young age at time of therapy
(Silliman et al. 1994; Kaste et al. 1999). Radiation-
induced bowel injury leading to obstruction occurs
within 6-24 months after completion of radiother-
apy (Kaste et al. 1999).

Although the etiologies differ, the symptoms,
signs, laboratory results and imaging suggestive
of mechanical obstruction in pediatric oncology
patients mimic any patient with an abdominal
mechanical obstruction. Patients may have inter-
mittent abdominal pain, intractable nausea or bil-
ious emesis, constipation, hematochezia, or
abdominal distension. Physical exam consistent
with obstruction includes hyperactive or high-
pitched bowel sounds, peritoneal signs and a pal-
pable mass. In contrast, absent bowel sounds
suggest an ileus or functional obstruction. Due to
emesis and decreased oral intake, patients often
present dehydrated on exam and laboratory assess-
ment; patients may have a relative increase from
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baseline white blood count with evidence of
hemoconcentration as well as hypochloremic met-
abolic alkalosis. Imaging studies begin with
supine, upright and decubitus abdominal radio-
graphs. Although not pathognomonic, air-fluid
levels in dilated bowel loops and pneumatosis
intestinalis on KUB are strongly supportive of
obstruction. Dilated and contracted bowel loops
may be appreciated proximal and distal to the
obstruction, respectively. Abdominal CT with oral
contrast will best localize the obstruction and
identify the etiology (Silliman et al. 1994; Yip and
Goddard 2010). Patients with neutropenia or
necrotic bowel are at high risk of infection and
perforation of the thinned intestinal mucosa and
should not undergo small bowel follow-through
exam using barium.

Management of obstruction includes bowel rest,
decompression via nasogastric tube, and intrave-
nous fluids to resolve electrolyte derangements and
treat dehydration. Additional supportive care mea-
sures include antiemetics, anticholinergics and
analgesics. As bowel cleansing preparations are
contraindicated in gastrointestinal obstruction, ene-
mas and suppositories are suggested to resolve
fecal impaction and can be used with caution in
immunocompromised patients (Arul and Spicer
2008; Yip and Goddard 2010). Indications for sur-
gical intervention include: (1) persistent bleeding
in the absence of neutropenia, thrombocytopenia or
coagulopathy; (2) intraperitoneal perforation; (3)
clinical deterioration of unknown etiology, espe-
cially if requiring blood pressure support with
either colloids or vasopressors; and (4) any abdom-
inal process that would require surgery in an immu-
nocompetent host such as a mass lesion (Silliman
et al. 1994). In contrast to non-oncologic episodes
of intussusception, children with intussusception
caused by tumor require surgical reduction rather
than air-contrast or barium enema (Fisher and
Rheingold 2011).

7.6  Tumor Rupture and Organ

Perforation

Tumor rupture and organ perforation are surgical
emergencies. Etiologies include the malignancy
itself, treatment sequelae, iatrogenic intervention

and unresolved obstruction. The most common
cause of GI perforation is iatrogenic intervention,
specifically endoscopy (Gagneja and Sinicrope
2002). Tumors at risk for spontaneous rupture
include Wilms tumor, hepatoblastoma, neuro-
blastoma and B-cell lymphoma (Arul and Spicer
2008). Tumor rupture in patients with Burkitt
lymphoma may occur at presentation, during sur-
gical intervention or steroid therapy, or with
tumor necrosis (Fisher and Rheingold 2011). If
lymphoma erodes the intestinal wall, it can cause
GI perforation at the site of transmural invasion.
Tumor rupture and organ perforation are not lim-
ited to solid tumors or bowel; leukemic patients
with splenomegaly have a small risk for splenic
rupture, either spontaneously or with trivial
trauma (Gagneja and Sinicrope 2002). In addi-
tion, therapy with prolonged corticosteroids, bev-
acizumab or radiation disrupts the GI mucosal
epithelium. As previously mentioned, bevaci-
zumab potentially increases the risk of gastric
perforation (Demshar et al. 2011). Sequelae like
peptic ulcer disease and adhesions, acting as lead
points for mesenteric twisting, represent condi-
tions that further weaken the intestinal wall.
Frequent endoscopic procedures, unresolved
obstruction or infection, or medically refractory
conditions such as gastritis and ulcers predispose
to perforation (Yip and Goddard 2010; Fisher
and Rheingold 2011).

Although shock and peritoneal signs strongly
suggest perforation, presentation varies consider-
ably in immunocompromised pediatric oncology
patients. Exam may reveal the classic acute abdo-
men with the patient rigid in a flexed position and
exhibiting rebound tenderness or, in contrast, dis-
play only mild evidence of discomfort, tender-
ness, or distension. Intestinal distension usually
results from the patient swallowing excessive
amounts of air or from excessive gas production
from bacterial overgrowth. Cecal diameters
>13 cm dramatically increase the risk of perfora-
tion. Occasionally subcutaneous emphysema
may be appreciated. Bowel sounds range from
absent to hyperactive. Gastric perforation com-
monly presents with acute onset of severe abdom-
inal pain that is often associated with nausea and
vomiting, including hematemesis. Patients may
complain of shoulder pain, which is referred pain
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from an irritated diaphragm (Gagneja and
Sinicrope 2002; Yip and Goddard 2010).

Laboratory workup may reveal relative leuko-
cytosis, neutrophilia, and anemia due to peritonitis
and hemorrhage as well as electrolyte imbalances
that need correction prior to surgery (Gagneja and
Sinicrope 2002). Initial imaging consists of an
upright KUB to evaluate for air under the dia-
phragm that may extend into the liver, enabling
visualization of the hepatic ligament, and decubi-
tus KUB to evaluate for air along the flank. Another
clue to the presence of perforation is visualization
of both sides of the bowel wall. In the setting of an
indeterminate KUB, CT scan should be utilized
(Gagneja and Sinicrope 2002).

Surgical consultation is paramount with suspi-
cion of tumor rupture or organ perforation.
Pending surgical intervention, immediate man-
agement includes making the patient NPO with
nasogastric tube placement with suction to evac-
uate the stomach and protect the airway. In addi-
tion, urinary catheterization and analgesics may
be necessary to monitor fluid status and control
pain, respectively. Given the risk of infection,
adequate coverage for Gram-negative enteric and
anaerobic organisms should be implemented
similar to treatment for neutropenic enterocolitis.
Laparoscopy should be utilized when possible,
with surgery consisting of bowel resection of the
affected area followed by reanastomosis. Patients
with excessive tumor burden, such as those with
disseminated Burkitt lymphoma, require reduc-
tion by chemotherapy prior to surgical interven-
tion (Gagneja and Sinicrope 2002; Fisher and
Rheingold 2011).

7.7 Abdominal Compartment

Syndrome

Although mostly seen in adult patients who
have sustained trauma, abdominal compartment
syndrome (ACS) may occur in pediatric patients,
including those with large tumor masses at pre-
sentation or as a postoperative complication
(Fisher and Rheingold 2011; Terpe et al. 2012).
The mechanism of ACS appears to be ischemia-
reperfusion injury with associated bowel isch-

emia or necrosis (Beck et al. 2001). Two large
prospective studies report the incidence of ACS
among children admitted to the intensive care
unit to be <1 %, irrespective of an oncologic
diagnosis and with high risk of mortality
(Cheatham et al. 2007). Increased intra-
abdominal pressure (IAP) leads to multiorgan
compromise by initially impairing respiratory
mechanics which alter cardiac output leading to
organ hypoperfusion and subsequent renal and
cerebral insufficiency (De Backer 1999).

Although no definitive ACS diagnostic crite-
ria exist for the pediatric population, children are
thought to require an IAP of >20 mmHg with
associated organ compromise (Beck et al. 2001;
Cheatham et al. 2007; Fisher and Rheingold
2011). Patients with ACS will present with a
tense and distended abdomen with associated
hypotension, oliguria or anuria and respiratory
compromise (Beck et al. 2011). The aims of ACS
management are to: (1) improve abdominal wall
compliance with positioning and medications;
(2) decrease intraluminal content with nasogas-
tric suction; (3) decrease extraluminal content
with percutaneous catheter decompression of
intraperitoneal air or fluid; and (4) optimize fluid
balance to reduce end-organ hypoperfusion with-
out worsening IAH. Elevating the head of the bed
increases IAP and should be avoided; similarly,
sedatives and analgesics will increase abdominal
muscle tone and should be minimized, as possi-
ble. Studies in adults with ACS are investigating
neuromuscular blockade as a means to decrease
IAP. Careful aggressive fluid resuscitation with
hypertonic crystalloids and colloids should be
attempted although refractory IAH or end-organ
damage requires immediate surgical decompres-
sion (Cheatham et al. 2007).

7.8  Summary

Prompt identification of abdominal emergencies
in pediatric oncology patients can be a chal-
lenge due to decreased signs and symptoms of
inflammation in the immunocompromised host.
Successful outcomes require vigilance for atypi-
cal presentations in immunocompromised chil-
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dren; early initiation of broad-spectrum, empiric
antibiotics to reduce infection-related mortality;
supportive care measures such as volume resusci-
tation and bleeding control; identification of incit-
ing chemotherapeutic agents as well as radiation
therapy; appropriate utilization of imaging
modalities; and a multidisciplinary team approach
with oncology, surgery, and radiology to acceler-
ate diagnosis and treatment. Prompt diagnosis
and early medical management reduces the
necessity of invasive measures. The majority of
guidelines for care of these emergent issues are
based on consensus panels and expert opinion
due to a lack of randomized controlled trial data.
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Abstract

Thromboembolism is a well-recognized compli-
cation of cancer in children, with important clin-
ical and therapeutic implications. The exact
incidence is unknown, with wide variation in
reported rates. Thromboembolism has been
most extensively studied in acute lymphoblastic
leukemia but also affects children with other
malignancies. Risk factors include the presence
or dysfunction of a central venous catheter,
inherited thrombophilia, use of asparaginase and
steroids, older age, and intrathoracic or meta-
static disease. The most commonly affected sites
are the central nervous system in acute lympho-
blastic leukemia and the upper extremity veins
which are often associated with a central venous
catheter. Current evidence does not support
screening asymptomatic patients or providing
routine prophylactic anticoagulation in pediatric
cancer patients. For patients with symptomatic
thromboembolism, a review of the evidence for
different therapeutic anticoagulation modalities
is discussed with graded recommendations; due
to a lack of reported data, much of the guidelines
are based on expert opinion or consensus state-
ments. The necessary duration of therapy is
unknown but generally depends on clinical
response and the presence of ongoing risk fac-
tors for bleeding or thrombosis. Additional
research is needed to better understand the epi-
demiology of thrombosis in childhood cancer
and to optimize both therapy and prevention.
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8.1 Introduction

Thrombosis is a well-recognized complication of
cancer and its treatment in both adults and
children. The etiology of thrombosis in cancer is
complex and multifactorial but generally involves
all three elements of Virchow’s triad: venous stasis,
hypercoagulability and endothelial damage.
Malignant cells may alter hemostasis by produc-
ing inflammatory cytokines and procoagulant
molecules. Humoral coagulation abnormalities
are common in cancer patients including
increased fibrin formation and degradation as
well as altered (i.e., increased or decreased) lev-
els of fibrinogen and other clotting factors. Tumor
cells may express tissue factor and cancer proco-
agulants on their surface, upregulate plasmino-
gen activation inhibitor-1 (PAI-1), and secrete
prostaglandins and thromboxanes which promote
platelet activation and aggregation (Dipasco et al.
2012). Thrombin generation is also increased in
patients with acute lymphoblastic leukemia
(ALL) at diagnosis and early in treatment (Athale
and Chan 2003b). Vascular endothelium may be
activated or damaged through complex interac-
tions with tumor cells and leukocytes, as well as
by surgical interventions and indwelling central
venous catheters (CVCs). The result of these
pathophysiologic changes is essentially an
acquired thrombophilia, similar to chronic low-
grade disseminated intravascular coagulation
(Dipasco et al. 2011).

Adults with cancer have a four- to sixfold
increase in the risk of thromboembolism (TE),
the second most common proximate cause of
death in this patient population (Athale et al.
2007; Dipasco et al. 2011). Thrombosis in child-
hood is much less common than in adults among
the general population, with an estimated preva-
lence of 0.6—1.1 per 10,000 in the United States
(Boulet et al. 2011). Over 70 % of TE in children
occurs in the setting of chronic disease, includ-
ing cancer (Kerlin 2012). Malignancy accounts
for 25-40 % of all pediatric thromboses, and
children with cancer are at least 600 times more
likely to develop TE than healthy children
(Athale et al. 2008Db).

Relatively little is known about the epide-
miology of thrombosis in pediatric oncology. The
majority of data derive from children with ALL,
with a paucity of information regarding other
malignancies. In a retrospective study of 726
patients consecutively diagnosed with cancer at
McMaster Children’s Hospital from 1990 to 2006,
57 patients were diagnosed with TE for an overall
prevalence of 7.9 % (Athale et al. 2008b). In this
study, the prevalence of thrombosis varied by
underlying malignancy: 14.2 % in ALL, 13.2 % in
sarcoma, 11.9 % in lymphoma, 5.9 % in acute
myeloid leukemia (AML), 2.4 % in Wilms tumor,
2.3 % in neuroblastoma and 0.5 % in central ner-
vous system (CNS) tumors. For all non-CNS
malignancies, the overall prevalence of TE was
10.7 %. Significant reported risk factors for TE in
children with cancer include the presence of a
CVC, older age, treatment with asparaginase or
corticosteroids, the presence of metastases, CVC
dysfunction, blood vessel compression by a bulky
solid tumor, particularly with intrathoracic dis-
ease, and in some studies, inherited thrombophilia
(Nowak-Gottl et al. 1999; Nowak-Gottl et al.
2003; Athale et al. 2005; Caruso et al. 2006; Paz-
Priel et al. 2007; Athale et al. 2008). Clinical man-
ifestations are similar to those of TE in children
without malignancy and vary with the location
and extent of thrombosis. The risk of recurrent TE
in childhood cancer is not known, but recurrence
rate of TE in children generally is estimated to be
5-10 % and may be higher for those with ongoing
risk factors such as a CVC, malignancy and aspar-
aginase treatment (Kerlin 2012). The impact of
thrombosis on morbidity, mortality, and outcome
in childhood cancer is unknown, and management
recommendations are generally extrapolated from
the adult literature; graded guidelines based on
reported evidence are presented in Table 8.1.

8.2  Acute Lymphoblastic

Leukemia (ALL)

The incidence of thromboembolism in children
with ALL is estimated to be between 1.1 and
36.7 % (Athale and Chan 2003a). This wide
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variation is likely due to differences in the defini-
tion of TE (symptomatic versus occult), diagnos-
tic methods, study design, reporting period and
treatment regimens. The true incidence is likely
underestimated because patients are generally
not screened for asymptomatic TE. The
Prophylactic Antithrombin Replacement in Kids
with ALL treated with Asparaginase (PARKAA)
study reported a TE incidence of 36.7 % with
prospective screening radiography after induc-
tion therapy; only 5 % were clinically symptom-
atic (Mitchell et al. 2003b). A meta-analysis
estimated the rate of symptomatic thrombosis in
1,752 children with ALL from 17 prospective
studies to be 5.2 % (Caruso et al. 2006). The risk
is highest during induction, with an incidence
rate more than double that in later phases of ther-
apy. Although rare, thrombosis can also occur
prior to the start of ALL treatment (Payne and
Vora 2007).

The CNS is by far the most common location
of thrombosis in ALL, accounting for 54 % of
events in the meta-analysis by Caruso et al.
(2006). Twenty-nine percent of these were cere-
bral sinovenous thromboses (CSVT), while other
types of CNS events were less clearly defined
(Caruso et al. 2006). In their review, Athale and
Chan (2003a) reported that 52 % of CNS events
were CSVT, with 43.7 % parenchymal lesions
and 4.3 % combined. The etiology of CNS throm-
bosis in children with cancer is likely multifacto-
rial and related to direct tumor invasion,
chemotherapy-induced hypercoagulability, and
associated complications like dehydration and
infection (Wiernikowski and Athale 2006). Non-
CNS events in the meta-analysis by Caruso et al.
(2006) included deep vein thrombosis (DVT,
43 %), pulmonary emboli (PE, 2 %) and right
atrial thromboses (2 %). DVT was noted to be
more common in upper than lower extremities,
most in association with a CVC (Caruso et al.
2006). The majority of thromboses are venous,
with only 3 % of events reported as arterial in the
review by Athale and Chan (2003a). In 5 % of
cases, thromboses were multifocal and 50 % of
TE occurred in potentially life-threatening loca-
tions (Caruso et al. 2006). Thrombosis accounts

for a relatively small fraction of treatment-
related mortality, with reports ranging from 0 to
4.8 %, largely from PE and CNS events (Athale
and Chan 2003a). Very little evidence exists
about morbidity from TE in pediatric ALL; one
study of pediatric ALL survivors reported a 50 %
prevalence of post-thrombotic syndrome (PTS)
following a symptomatic TE (Kuhle et al. 2008).
PTS includes symptoms of pain, swelling and
skin changes to the affected limb. For patients
with CNS TE, reports suggest that up to 15-20 %
will have residual neurologic deficits, while the
effect on neurocognitive outcome is unknown
(Athale and Chan 2003a). Others report that full
neurologic recovery is the norm (Payne and Vora
2007). Qureshi et al. (2010) reported no perma-
nent sequelae of TE among 59 children with
ALL, including those with CSVT who presented
with neurologic deficits.

8.3  ALLRisk Factors

Several studies have identified older age as a sig-
nificant risk factor for TE among children treated
for ALL (Athale and Chan 2003a). An analysis of
91 patients treated at McMaster Children’s
Hospital following Dana Farber Cancer Institute
(DFCI) protocols for ALL found that 7 of 16
patients >10 years (44 %) developed symptom-
atic TE versus 3 of 75 (4 %) in younger patients
(Athale et al. 2005). Patients classified with high-
risk ALL also appear more likely to develop TE,
though this is confounded by the effect of age, as
older children are considered high-risk by defini-
tion. In the same McMaster study, 26 % of the 35
high-risk patients developed TE (11 % of those
<10 years) versus 2 % of 56 standard-risk patients.
The effect of gender on the risk of TE has been
less clear, with contradictory reports published; in
the McMaster study, gender did not influence risk
of TE (Athale and Chan 2003a; Athale et al. 2005).
The presence of a CVC is a well-established risk
factor for TE in the general pediatric population
as well as in ALL; half of all symptomatic DVT
in children with ALL are associated with a
CVC (Athale and Chan 2003a).
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Table 8.1 Summary of treatment strategies and level of evidence for the management of thrombosis in pediatric

oncology patients?

Clinical scenario
Primary thromboprophylaxis

Recommendations
Not recommended (including LMWH, warfarin, FFP) 1B

Level of evidence®

Routine screening with coagulation studies or for 2C
thrombophilia not recommended

Thrombophilia screening can be considered for patients 2C
with known TE risk factors

Development of a non-CVC-related  Thrombophilia screening 2C

thrombosis

Thromboembolism Treatment with LMWH 2B
Thrombolysis with tPA or thrombectomy for life- or 2C

limb-threatening thrombosis

Warfarin generally not recommended but can be 2B
considered with long-term anticoagulation

Treatment for a minimum of 3 months and until the 2C
precipitating factor has resolved

Consideration for holding asparaginase therapy during 2C

acute TE

If nonfunctioning or no longer needed, the CVC should 1B
be removed after 3-5 days of anticoagulation

If functioning and clinically necessary, the CVC can 2C
remain with continuing anticoagulation
Cerebral sinovenous thrombosis Total anticoagulation for at least 3 months 1B
Continued anticoagulation for 3 additional months 2C
if with persistent occlusion or symptoms
If with hemorrhage, anticoagulation can be reserved 2C
for cases with thrombus extension
Prophylactic anticoagulation should be given with 2C
subsequent asparaginase doses
Thrombocytopenia with Initially transfuse to keep platelets >20-50% 10°/L 2C
anticoagulation Subsequently, hold anticoagulation for platelets 2C
<20-50x 10°/L
Lumbar puncture with concomitant ~LMWH should be held 24 h prior and resumed 12 h 1C
anticoagulation after LP

LMWH low-molecular-weight heparin, FFP fresh frozen plasma, TE thromboembolism, CVC central venous catheter,

tPA tissue plasminogen activator, LP lumbar puncture
aSee text for full detail
"Per Guyatt et al. (2006); see Preface

Multiple studies have reported the associa-
tion of genetic prothrombotic defects and ALL,
including factor V Leiden, prothrombin gene
G20210A mutation, MTHFR C677T and A1298
mutations, deficiencies of protein C, protein S,
or antithrombin (AT), and high lipoprotein (a)
levels. In the largest study, Nowak-Gottl et al.
(1999) prospectively evaluated inherited throm-
bophilia traits in 301 children enrolled on ALL
Berlin-Frankfurt-Muenster (BFM) 90/95 proto-
cols. Eleven percent of patients with complete
follow-up experienced a symptomatic TE, and

the presence of an inherited thrombophilia sig-
nificantly increased the risk: 46.5 % with an
identified prothrombotic defect experienced a TE
versus 2.2 % without such a defect. The great-
est risk was associated with protein C, protein
S and AT deficiency (Nowak-Gottl et al. 1999).
In contrast, the North American PARKAA study
prospectively evaluated the prothrombin 20210A
mutation and factor V Leiden in 60 children with
ALL and correlated with screening radiography
but found no association with TE (occult or
symptomatic), though four of eight patients
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with antiphospholipid antibodies did experience
thrombosis (Mitchell et al. 2003b). Caruso et al.
(2006) reviewed five prospective studies report-
ing prothrombotic genetic defects; the preva-
lence of mutations was similar to the general
population and the pooled relative risk of TE
with thrombophilia was 8.5. It remains unclear
as to why studies of risk in children with throm-
bophilia have shown such variable conclusions
(Raffini and Thornburg 2009).

Much of the literature regarding thrombosis in
ALL patients centers on the use of L-asparaginase.
Asparaginase catalyzes the hydrolysis of the
amino acid asparagine to aspartic acid and
ammonia. The rapid depletion of the circulating
pool of asparagine reduces hepatic protein syn-
thesis, which in turn causes a decrease in natural
anticoagulants such as AT, fibrinogen, and plas-
minogen, as well as protein C and S. The coagu-
lopathy associated with asparaginase may result
in both thrombosis and hemorrhage, although
the former is much more common (Athale and
Chan 2003b). The pharmacology of asparagi-
nase is affected by its source (Escherichia coli
or Erwinia chrysanthemi), different commercial
manufacturers (European, Japanese, American),
and modifications (polyethylene glycosylated;
PEG-asparaginase), with profound effects on
half-life, asparagine depletion and protein syn-
thesis inhibition. Comparison of published rates
of TE associated with asparaginase is hampered
by this variability as well as by variations in dos-
age, timing of administration, and concomitant
chemotherapy. In the meta-analysis by Caruso
et al. (2006), the rate of TE was significantly
decreased with doses of >10,000 units/m? vs.
<6,000 units/m* and with <9 days of asparagi-
nase exposure; type of asparaginase or manufac-
turer did not show significant differences.

PEG-asparaginase, formed by covalently
attaching polyethylene glycol to the native E. coli
asparaginase enzyme, is now more commonly
used in ALL therapy protocols and was associ-
ated with a 2 % risk of thrombosis in a study of
197 patients treated from 2005 to 2007 follow-
ing a DFCI protocol including prednisone during
induction (Silverman et al. 2010). Qureshi et al.
(2010) reported venous thrombosis in 3.2 % of

1,824 patients treated on the British UK ALL
2003 protocol using PEG-asparaginase and dexa-
methasone during induction and delayed intensi-
fication. Ninety percent of events occurred during
PEG-asparaginase exposure, 70 % of which were
during induction. Although CVC placement was
deferred to the end of induction on this protocol
to reduce the risk of CVC-associated TE, 50 % of
events were CVC related, while 36 % involved
the CNS and the remainder were DVTs (Qureshi
et al. 2010). All patients recovered completely
without clinical sequelae, and 73 % received sub-
sequent asparaginase (the majority with prophy-
lactic LMWH) with no recurrent TE or excess
bleeding. Intravenous PEG-asparaginase has
been reported to have a similar rate of thrombotic
complications as intramuscular administration
(Silverman et al. 2010).

The effect of asparaginase may be further
augmented by the concurrent use of corticoste-
roids during ALL induction, which can also
increase the VTE risk eight to tenfold (Nowak-
Gottl et al. 2009; Mitchell et al. 2010). In a pro-
spective cohort study of 420 ALL patients
enrolled on separate German cooperative proto-
cols, symptomatic TE occurred in 11.6 % of
those treated with concurrent prednisone and E.
coli asparaginase in induction versus 2.5 %
among those who received asparaginase in con-
solidation without prednisone (Nowak-Gottl
et al. 2001). Steroids increase the level of pro-
thrombin as well as factor VIII, von Willebrand
factor, PAI-1 and AT (Harlev et al. 2010).
Some evidence exists for a lower risk of TE
with prednisone versus dexamethasone; 10.4 %
of children receiving dexamethasone during
induction on the BFM 2000 protocol developed
TE compared with 1.8 % of those who received
prednisone on the earlier BFM 90/95 protocols
despite similar asparaginase dose and schedule
(Nowak-Gottl et al. 2003). Caruso et al. (2006),
however, showed no difference in rate of TE
between prednisone and dexamethasone in
induction although prednisone led to a signifi-
cant increased risk in postinduction phases.
Further data are required to make firm conclu-
sions regarding the effect of steroids on throm-
bosis risk in pediatric ALL patients.
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8.4  Other Malignancies
Data regarding TE in pediatric malignancies other
than ALL are limited. Overall, more than 40 % of
pediatric oncology patients with TE have a diag-
nosis other than ALL, and the prevalence among
non-ALL cancers is about 16 % (Wiernikowski
and Athale 2006). Lymphoma and sarcoma have
an increased risk of TE, while brain tumors do not
(Athale et al. 2008b). As in children with ALL, chil-
dren with other malignancies are at significantly
increased risk of TE if older and if with CVC dys-
function; mediastinal disease is a significant risk
factor in children with lymphoma with a trend
toward increased risk in patients with more exten-
sive disease (Athale et al. 2007; Athale et al. 2008a).
A 2008 retrospective study of 75 children
diagnosed between 1999 and 2004 with Hodgkin
lymphoma (HL) or non-Hodgkin lymphoma
(NHL) reported 9 patients (12 %) with 16 throm-
botic events (Athale et al. 2008a). Twelve of
these events were venous and there was a 2.6 %
rate of PE (Athale et al. 2008a). Sixty-nine per-
cent were associated with a CVC and none were
CNS events, in contrast with the distribution in
ALL patients. However, it has been reported sepa-
rately that 1-3 % of patients with advanced NHL
develop CSVT (Wiernikowski and Athale 2006).
In multivariate analysis, mediastinal involvement
increased the risk of thrombosis; 9 of 51 patients
with mediastinal lymphadenopathy developed
TE versus none of 21 patients without mediasti-
nal involvement (Athale et al. 2008a). Lymphoma
type, gender, presence of B-symptoms, age and
stage were not risk factors for TE in lymphoma
patients. Notably, despite the use of asparaginase,
children with NHL did not appear to be at higher
risk for TE than children with HL, contrasting
results in adults (Wiernikowski and Athale 2006;
Athale et al. 2008a). The meta-analysis addition-
ally noted a 40 % recurrence rate (four patients);
of these patients, only two had received secondary
thromboprophylaxis with coumadin or LMWH
and both had TE recurrence while on coumadin.
A retrospective cohort study investigated throm-
boses in 122 children and adolescents with soft tis-
sue sarcoma treated at the National Cancer Institute
from 1980 to 2002 (Paz-Priel et al. 2007). The

authors reported 23 thromboembolic events in 19
patients and an overall TE incidence of 16 %. Over
50 % of the TE were detected at the time of initial
cancer evaluation and 57 % were symptomatic.
Thirty-five percent of thromboses were related to
tumor compression and 13 % CVC associated.
Involved sites included extremity DVT (43 %), PE
(22 %) and inferior vena cava (17 %). Patients with
distant metastasis were 2.5 times more likely to
have a clot, 23 % vs. 10 %, with a trend towards
significance (Paz-Priel et al. 2007). The rate of TE
was similar for all types of sarcoma and between
children and young adults. Though thrombophilia
was infrequently investigated, four patients had
lupus anticoagulant detected. In another single-
institution retrospective analysis of pediatric sar-
coma patients treated between 1990 and 2005, 10
of 70 patients (14.3 %) developed symptomatic TE
(all DVTs), six of which were CVC associated
(Athale et al. 2007). CVC dysfunction significantly
increased the risk of TE: 55 % of those with CVC
problems developed TE versus 8.2 % in those with-
out. Prevalence of TE was increased in patients
with pulmonary disease, metastases, older age and
Ewing sarcoma, but these factors failed to reach
statistical significance. Relapse and death were
more common in patients with symptomatic TE
but again without reaching statistical significance.
In adults with malignant brain tumors, the risk
of TE is 20 % in the perioperative period without
prophylaxis and risk remains high throughout
treatment, reaching 28 %, particularly in adult
patients with malignant gliomas (Wiernikowski
and Athale 2006). TE is comparatively much less
common in children with CNS tumors (Athale et
al. 2008b). Tabori et al. (2004) reviewed 462 pedi-
atric patients with malignant brain tumors over 14
years in Israel and only three (0.6 %) had symp-
tomatic VTE. All were severely debilitated at
the time of TE diagnosis, likely stemming from
complications of their underlying malignancy
(Tabori et al. 2004). In a report of 253 patients
treated at St. Jude Children’s Research Hospital,
the frequency of symptomatic TE was 2.8 %, with
increased risk associated with CVC dysfunction
(Deitcher et al. 2004). Athale et al. (2008b)
reported a significantly lower prevalence of TE in
patients with CNS tumors than other groups, with
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Table 8.2 Summary of known and presumed risk factors
for thromboembolism in pediatric oncology patients®

Known
risk factors®

Type of malignancy
ALL
AML
Lymphoma
Sarcoma
Older age
Presence of central venous cathether

Dysfunction of central venous
catheter

Asparaginase therapy in ALL
Steroid therapy in ALL
Blood vessel compression by bulky
solid tumor
Presumed
risk factors®

Type of malignancy

Other solid tumors including
Wilms tumor and neuroblastoma

Thrombophilia

History of thromboembolism
Concomitant asparaginase and
steroids in ALL

Mediastinal involvement in
lymphoma patients

Solid tumor patients with extensive
metastatic disease

Sepsis

Surgery

Immobilization

CNS tumors

Gender

ALL acute lymphoblastic leukemia, AML acute myeloge-
nous leukemia, CNS central nervous system

*See text for detail

Consistent significant multivariate analysis proving risk
‘Inconsistent results; trend towards significance
dConsistent significant analyses proving not a risk factor

Not risk factors!

one event among 201 children with CNS tumors.
A summary of known and presumed risk factors
for TE is presented in Table 8.2.

8.5  Central Venous Catheters

CVCs are essential in pediatric oncology but
associated with risk of infection and thrombo-
sis. The actual incidence of TE in children with
CVGCs for cancer treatment is unknown, with a
wide range in reported rates due to variation in
definitions, diagnostic methods and populations

studied (Wiernikowski and Athale 2006). Most
CVC-related thromboses are asymptomatic and
located at the entry site of the catheter into the vein
(Nowak-Gottl et al. 2009). The morbidity of these
asymptomatic catheter-associated thromboses is
unknown. Glaser et al. (2001) reported evidence
of thrombosis in 12 of 24 asymptomatic pediatric
oncology patients with implantable CVCs (ports)
screened by contrast venography. As mentioned,
the PARKAA study reported a prevalence of
37 % in children with ALL and indwelling CVCs
screened radiographically after induction therapy,
but only 5 % had clinical symptoms (Mitchell
et al. 2003b). Symptoms may include swelling,
pain, tenderness, erythema or discoloration of the
affected limb, or dilated vessels. CVC-related TE
can lead to recurrent TE (4-19 %), PE (8-15 %),
PTS (5-25 %), and death (24 %) (Nowak-Gottl
et al. 2009). The mechanisms by which CVCs
may lead to TE include changes to venous flow
dynamics, trauma to the vessel wall, or hyperos-
molar substances such as parenteral nutrition or
chemotherapy (Wiernikowski and Athale 2006).
External tunneled CVCs are more likely to develop
thrombosis than implanted catheters (ports); a
retrospective analysis of 362 patients with ALL
enrolled on a Pediatric Oncology Group (POG)
protocol noted that external CVCs were 3.9 times
more likely to be associated with thrombosis than
internal catheters (McLean et al. 2005). In a pro-
spective study, Male et al. (2003) showed signifi-
cantly increased risk of TE with CVC placement
on the left side, in the subclavian vein and when
inserted percutaneously. Some institutions and
protocols have recommended delaying the inser-
tion of a CVC until the end of induction therapy
for ALL to minimize risk, but acceptance of this
policy has been variable and it remains unclear
if timing of CVC insertion is a risk factor for TE
(McLean et al. 2005; Astwood and Vora 2011).

8.6 Diagnosis

The medical complexity of pediatric oncology
patients and the often subtle or nonspecific signs
and symptoms of TE mandate a high index of sus-
picion. Although the “gold standard” for diagnosis
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of DVT in adults is bilateral venography, in clini-
cal practice it is infrequently used in children due
to technical difficulties, the need for iodinated con-
trast, and the possibility of inducing or extending
thrombus (Manco-Johnson 2006). Doppler ultra-
sound is useful for assessment of lower extremity
DVT and for jugular and distal upper extremity
veins, but is less sensitive for proximal upper sys-
tem thrombosis. The PARKAA study documented
low sensitivity (20 %) of ultrasound for superior
vena cava (SVC) and proximal subclavian throm-
bosis compared to venography, though the lat-
ter was inferior for internal jugular thrombosis
(Mitchell et al. 2003b). Magnetic resonance imag-
ing (MRI) with angiography/venography (MRA/
MRYV) or computed tomography (CT) with intra-
venous contrast are useful when ultrasound cannot
be reliably performed. MRI with MRA/MRYV is
the modality of choice for evaluating CNS throm-
bosis. Echocardiogram may be used for evaluation
of proximal SVC and cardiac thrombosis. High-
resolution spiral CT scan with contrast is most
commonly used for diagnosis of PE in children,
but ventilation/perfusion (V/Q) scans may be used
as well (Wiernikowski and Athale 2006).

8.7 Management

8.7.1 Prevention
Although several professional organizations have
published guidelines for VTE prophylaxis in adult
oncology patients, evidence-based guidelines for
prevention in children with cancer are lacking. The
American Society of Clinical Oncology (ASCO),
the National Comprehensive Cancer Network
(NCCN), and others have recommended prophy-
lactic anticoagulation for all hospitalized oncol-
ogy patients and for high-risk surgical oncology
patients, but not for ambulatory cancer patients
with or without CVCs (Khorana et al. 2009). These
guidelines, developed for adults with a very differ-
ent range of malignancies, comorbidities, and treat-
ments than seen in children, are clearly not directly
applicable to the pediatric oncology population.
Evidence from clinical trials of thromboprophy-
laxis in children with cancer is limited and generally

inconclusive. The Prophylaxisof Thromboembolism
in Kids (PROTEKT) trial randomized 186 children
with CVCs, half with cancer, to receive reviparin
LMWH prophylaxis or standard care. There was no
difference in the rate of TE or adverse events, but
the study was underpowered and terminated early
due to slow accrual (Massicotte et al. 2003). The
PARKAA trial randomly assigned 85 patients
treated for ALL on contemporary North American
protocols to receive weekly infusions of AT during
induction with asparaginase. Twenty-eight percent
of patients treated with AT developed TE versus
37 % in the control group, but the study was under-
powered to show a significant difference, and no
difference was seen in markers of endogenous
thrombin generation (Mitchell et al. 2003a).
Supplementation with fresh frozen plasma (FFP)
has been shown to be ineffective in correcting
hemostatic parameters in children treated with
asparaginase (Nowak-Gottl et al. 2009). Ruud et al.
(2006) reported no reduction in the incidence of
CVC-related jugular thrombosis among 62 children
with cancer in a randomized, placebo-controlled
study of low-dose warfarin prophylaxis.

Several small cohort studies and case series
have reported various methods of thromboprophy-
laxis. Harlev et al. (2010) screened 80 children
with ALL for inherited thrombophilia and pro-
vided enoxaparin prophylaxis during induction for
18 patients with prothrombin gene mutation or
factor V Leiden heterozygosity. Six patients
(7.5 %) developed TE, half of whom had PT muta-
tion and were receiving prophylaxis. Elhasid et al.
(2001) prescribed enoxaparin prophylaxis during
asparaginase treatment to 41 consecutive children
with ALL and reported no episodes of TE and no
bleeding but with no comparative control group.
Meister et al. (2008) reported no episodes of TE in
41 children treated on BFM ALL trials with AT
supplementation and enoxaparin prophylaxis in
induction and reinduction versus 13 % of 71
patients in an earlier cohort treated on the same
protocol with AT supplementation alone. Mitchell
et al. (2010) recently reported validation of a pre-
dictive model for identifying the risk of TE in chil-
drenwith ALL treated on Berlin-Frankfurt-Munster
(BFM), Cooperative Acute Lymphoblastic
Leukemia (COALL) and French Acute
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Lymphoblastic Leukemia (FRALLE) induction
protocols. The model incorporates factors includ-
ing concomitant asparaginase with steroids, pres-
ence of a CVC and genetic thrombophilia. Eight
high-risk patients received enoxaparin prophylaxis
during induction at their physicians’ discretion
and one developed TE as compared with eight
events among 11 high-risk patients who received
no thromboprophylaxis (Mitchell et al. 2010). Of
note, this predictive model was protocol specific
(no high-risk patients on the FRALLE protocol
experienced TE) and would require further study
before application in the context of current North
American or other protocols.

The small size, variability and design of these
studies constitute significant limitations. At this
time, there is insufficient evidence to recommend
routine thromboprophylaxis in children with can-
cer. The American College of Chest Physicians
(ACCP), in its 2012 clinical practice guidelines
for antithrombotic therapy in children and neo-
nates, recommends against the use of routine sys-
temic thromboprophylaxis for children with
short- or medium-term CVCs (Monagle et al.
2012). Without evidence to support any benefit of
prophylactic FFP or AT replacement, routine
screening of coagulation tests during ALL induc-
tion therapy is not recommended. Similarly,
routine screening of children with ALL (or other
malignancies) for inherited thrombophilia is not
currently advised outside of a clinical trial, but
may be appropriate for patients with a confirmed
family history of a high-risk genetic defect
(Astwood and Vora 2011). Secondary screening
may be considered for patients at the time of
diagnosis with symptomatic TE. At our institution,
patients who develop a non-CVC-associated
thrombosis are usually tested for factor V Leiden,
prothrombin G20210A mutation, protein C and
S deficiency, AT deficiency, lipoprotein (a), fast-
ing serum homocysteine, factor VIII, and
antiphospholipid antibodies.

Prophylaxis may be considered for select
groups of patients at increased risk, including
those with known inherited prothrombotic defects
who are receiving asparaginase, adolescents
undergoing major surgery or prolonged immobili-
zation, and patients with a previous history of TE

with other risk factors such as surgery or disease
relapse (Wiernikowski and Athale 20006).
Evidence-based data to support these consider-
ations in pediatric patients are lacking.

8.7.2 Treatment

LMWH is the anticoagulant of choice for most
pediatric patients, offering advantages of reduced
monitoring, minimal drug or diet interactions,
and a favorable safety profile (Monagle et al.
2012). The REVIVE (reviparin in childhood
venous thromboembolism) trial is the only
randomized study of LMWH in pediatrics
(Massicotte et al. 2003). This trial compared revi-
parin to unfractionated heparin (UH) and oral
anticoagulation in children with TE but termi-
nated early due to slow enrollment. Though
underpowered, it contributed to other accumulat-
ing evidence that LMWH is safe and effective
treatment for TE in pediatrics (Massicotte et al.
2003). Alternatives include UH, which may be
preferred initially over LMWH in circumstances
of increased bleeding risk where rapid reversal
may be necessary. Systemic or catheter-directed
thrombolysis with tissue plasminogen activator
(tPA) may be considered in some cases of high-
risk thrombosis, though experience in children,
particularly in the setting of malignancy, is very
limited. The 2012 ACCP guidelines suggest tPA
use only for life- or limb-threatening thrombosis
in children (Monagle et al. 2012). Warfarin is
often problematic in children with cancer because
of problems related to dosing, drug interactions,
vitamin K variability, and difficulty of oral
administration during episodes of nausea and
mucositis. It is generally not recommended for
children during treatment for cancer, but can be
considered for long-term or indefinite anticoagu-
lation, when required.

In their 2012 guidelines, the ACCP suggests
that children with cancer who develop TE follow
the general recommendations for children with
TE, using LMWH for a minimum of 3 months
and until the precipitating factor has resolved
(Monagle et al. 2012). In the acute setting of
symptomatic TE, LMWH such as enoxaparin
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should be initiated twice daily at 1-1.5 mg/kg/
dose subcutaneously and adjusted to maintain an
anti-Xa level of 0.5-1.0 units/mL in a sample
taken 4 h after injection (Manco-Johnson 2006).
Whether a minimum of 3 months of LMWH
treatment is necessary in a TE that resolves
quickly is unknown and more rapid transition to
prophylactic dosing may be reasonable (Manco-
Johnson 2006).

Patients may transition to once-daily pro-
phylactic dosing (although ideal prophylactic
dosing remains q12 h), with a target anti-Xa level
of 0.1-0.3 units/mL (although anti-Xa levels do
not generally need to be followed with prophy-
lactic dosing), upon recanalization or after 3—-6
months (Manco-Johnson 2006; Nowak-Gottl
et al. 2009). Prophylaxis should continue
throughout asparaginase therapy until 48 h after
the last dose or 2 weeks after PEG-asparaginase
(Payne and Vora 2007). Due to noted worse
outcomes in patients receiving less asparagi-
nase, the general recommendation is to tempo-
rarily suspend asparaginase after TE diagnosis
and restart at a later point with concomitant
anticoagulation (Silverman et al. 2001; Grace
et al. 2011). In the analysis of Dana Farber
Cancer Institute (DFCI) consortium data, Grace
et al. (2011) reported that 77 % of patients
restarted asparaginase with 17 % of pediatric
patients having recurrent TE following this
methodology. The ACCP guidelines also recom-
mend continuing prophylactic dosing of antico-
agulation until CVC removal, with therapeutic
dosing if there is a recurrence of TE until 3
months after CVC removal. Clinicians will need
to take into consideration the need for surgery,
chemotherapy and other treatments that may
modify the risk-benefit ratio for the treatment of
TE during this period. If nonfunctioning or no
longer needed, the CVC should be removed after
at least 3—5 days of anticoagulation, but if func-
tional and still clinically necessary, the CVC can
remain in situ with anticoagulation as described
above (Monagle et al. 2012).

Optimal dosing of unfractionated heparin
(UBR) is poorly defined in children and has been
extrapolated from adult data. If UH is initially
used, the ACCP recommendation is to bolus

with 75 units/kg IV over 10 min, then start an
initial maintenance dose of 20 units/kg/h for
patients >1 year of age (28 units/kg/h for infants).
Activated PTT should be monitored 4 h after
the loading dose and 4 h after every change in
infusion rate. The rate should be adjusted to
maintain an aPTT of 60-85 s (2-3 times upper
limit of normal; unfractionated anti-Xa level
of 0.35-0.7 units/mL). Once therapeutic aPTT
levels are obtained, monitoring requires a daily
CBC and aPTT. Plasminogen and antithrombin
should be monitored and repleted to ensure hepa-
rin efficacy; D-dimers can be measured to moni-
tor response and fibrinogen should be followed
and repleted to prevent bleeding complications.
Boluses should be withheld if there is a signifi-
cant bleeding risk (Monagle et al. 2012).

In the case of life-threatening TE, the ACCP
recommends thrombectomy along with thera-
peutic anticoagulation. In the setting of lower
extremity VTE where anticoagulation is contra-
indicated, a retrievable IVC filter may be placed
temporarily. For children with CVC-associated
right atrial thrombosis, catheter removal with or
without anticoagulation is recommended, while
anticoagulation is encouraged and, potentially, if
the thrombus is large (i.e., >2 cm) and mobile,
with CVC removal and consideration for surgi-
cal intervention or thrombolysis as indicated
(Monagle et al. 2012). For children with CSVT
without significant intracranial hemorrhage, the
ACCP recommends initial anticoagulation with
UH or LMWH and total anticoagulation for
at least 3 months, continuing for 3 additional
months for persistent occlusion or symptoms. If
there is significant hemorrhage, anticoagulation
may either be initiated or reserved for cases with
thrombus extension after 5—7 days. Surgical inter-
vention or thrombolysis is reserved for patients
who show no improvement on initial anticoagu-
lation therapy (Monagle et al. 2012).

Necessity of reduction or cessation of antico-
agulation during periods of thrombocytopenia
is unstudied, and decisions should be tailored to
individual circumstances. During initial therapeu-
tic anticoagulation, platelets may be transfused
to maintain a platelet count of >20-50x 10°/L
(Manco-Johnson 2006; Nowak-G6ttl et al. 2009).
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Safe LMWH dosing in the stable pediatric oncol-
ogy patient with thrombocytopenia is unclear;
our institutional practice is to hold LMWH with
platelet counts <50x 10°/L although other treat-
ment strategies may be equally valid. Enoxaparin
should be held 24 h before lumbar punctures
or other procedures and resumed 12 h later or
24 h after neurosurgery (Manco-Johnson 2006;
Wiernikowski and Athale 2006).

8.8 Summary

TE is a common and significant complication
of childhood cancer, though the exact incidence
remains unknown. Most evidence pertains to
children with ALL, but those with solid tumors
and other hematologic malignancies are also
affected. The most important risk factors include
older age, presence of a CVC, CVC dysfunction,
asparaginase treatment, and intrathoracic or
metastatic disease in solid tumors. Clinical fea-
tures and diagnosis of TE are similar in cancer to
the general pediatric population, with a predomi-
nance of catheter-associated venous thromboses
and, in ALL, sinovenous thrombosis. Screening
for inherited thrombophilia or for asymptom-
atic TE is not recommended, and there is insuf-
ficient evidence to support primary prophylaxis
with anticoagulation or clotting factor support.
Management of symptomatic TE in children with
cancer should follow established general pediat-
ric guidelines but presents particular challenges
due to the additional risks of bleeding, ongoing
therapy and underlying malignancy. LMWH
is the treatment of choice for TE in pediatric
oncology with anticoagulation continuing while
risk factors, such as a CVC or asparaginase
therapy, persist. Dose adjustment during periods
of thrombocytopenia or with invasive procedures
may be required. Despite an abundance of data
regarding thrombosis in adults with cancer, there
is relatively little evidence to guide the manage-
ment of TE in children with malignancy. More
research is urgently needed to better understand
the epidemiology and risk factors for thrombosis
in these children and to develop strategies for
prevention and optimal therapy.
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Abstract

Pain is a common and often underreported
and undertreated symptom in children with
cancer. Recognition of pain and prompt and
vigilant treatment are essential facets of high
quality patient care. This chapter serves to
provide an overview of the assessment and
management of pain in pediatric oncology
patients. The ability to assess pain in children
of all ages and developmental ability as well
as identify and diagnose different pain types
is an imperative skill, and various assessment
tools are discussed. Management of pain in
children is based on the World Health
Organization’s pain ladder, and a step-by-step
approach to opioid management is provided
along with case examples and common side
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effects. Since neuropathic pain is a common
symptom experienced by children with can-
cer, a separate section with descriptions of
adjuvant therapies is also provided. More
recently, data are emerging in support of non-
pharmacologic pain management techniques,
and a brief overview is discussed. Finally,
oncology-specific pain topics such as vincris-
tine-related peripheral neuropathy, osteone-
crosis and post-lumbar puncture headache are
addressed.

9.1 Introduction

One of the most common symptoms experienced
by children with life-threatening and chronic con-
ditions is pain. Pain in children is often underre-
ported and undertreated (Wolfe et al. 2000). When
left untreated, pain can have significant effects on
children, their families and caregivers. Children
with cancer who undergo aggressive treatment are
more likely to experience severe pain at the end of
life (Schindera et al. 2013). An effective treatment
plan first requires practitioners to accurately rec-
ognize and assess pain. Frequent reevaluation of
symptoms and treatment plans is equally vital.
The main goal of pain management is for the child
to be pain free. To accomplish this goal, it is
important for practitioners to have a validated,
evidence-based method of assessing pain and ini-
tiating a treatment plan. When achieving this goal
is difficult, early referral to a palliative care physi-
cian or pain specialist should occur.

9.2  General Assessment

Pain is a subjective feeling and requires a
detailed history from the patient and caregiver.
Developmentally appropriate validated pain
assessment scales (Fig. 9.1) should be used in the
evaluation of pain (Twycross et al. 2009). The
same assessment method should be used through-
out to evaluate the effectiveness of the treatment
plan. It is important in the assessment of pain
that previous pain history and management are
addressed as well as current medications and

allergies. Additionally, contributing factors such
as disease course, anxiety, age, development and
temperament should be explored.

The perception of pain is directly related to a
child’s age and developmental level (Gaffney and
Dunne 1986). Pain is identifiable by children at
18 months of age, and children can identify
where they “hurt” by 4 years. In the past it was
incorrectly presumed that infants do not feel as
much pain as adults. Although infants’ pain path-
ways are immature, they are fully able to transmit
impulses (Fitzgerald 2000). Generally children
<6 years need help describing their pain. Children
>6 years can describe pain, and those between
the ages of 7 to 11 often find themselves respon-
sible for it or may recognize pain as a form of
punishment (Esteve and Marquina-Aponte 2012).
Adolescents are able to understand the multiple
layers to pain consisting of psychological and
physical causes. Adolescents often can be taught
coping mechanisms due to this complex and
abstract view of pain.

A complete assessment should include a thor-
ough clinical examination. Facial expression
should be noted in infancy as a behavior signal-
ing pain (Izard et al. 1987). Pain in this age group,
as well as in children with developmental delay,
is typified by facial grimacing, quivering of the
chin, grunting and clenching of the jaw. Other
signs of pain in infants include kicking, arching,
high-pitched crying and inability to be consoled
(Krechel and Bildner 1995; Merkel et al. 1997).
Physiological changes in heart and respiratory
rate, blood pressure, and oxygen saturation can
be evoked by pain but often do not indicate the
level of pain in clinical encounters (Sweet and
McGrath 1998).

9.3  Types of Pain

Two primary types of pain, nociceptive and neuro-
pathic, have been described. Identification of the
type of pain can be made by history and physical
exam along with the input of imaging modalities.
Delineating which type of pain a patient is experi-
encing is imperative as it guides therapy and may
aid in determining an underlying etiology.
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a FLACC Behavioral P

ain Assessment Scale?®

Score
Parameter
0 1 2
Face No particular Occasional grimace or Frequent to constant
expression or smiling frown, withdrawn, quivering chin, clenched
disinterested jaw, distressed/panicked
Legs Normal position, Uneasy, restless, tense, Kicking or legs drawn up,
relaxed occasional tremors increased spasticity,
constant tremors or jerking
Activity Lying quietly, normal Squirming, shifting, Arched, rigid, jerking,
position, moves easily tense/guarded severe agitation; head
banging
Cry No cry Moans or whimpers, Crying steadily, screams or
occasional complaints sobs, frequent complaints;
constant grunting
Consolability Content, relaxed Reassured by touch, Difficult to console or
hugging, or talking to; comfort, resistant
distractible
Total Score (higher score indicates worse pain)

Adapted from Merkel et a

l. (1997)

8for 2 months of age to 7 years, pre-verbal or delayed

b Wong-Baker Faces Pain Scale?®

C Visual Analog Scale (VAS)?

Score Description

0 No hurt

0 No pain

1
2 | Hurts alittle bit

2

3
4 [Hurts a little more

4

5 Moderate pain
6 | Hurts even more

6

7
8 | Hurts a whole lot

8

9
10 Hurts worst

10 Worst pain imaginable

Adapted from Whaley and Wong (1995) Adapted from Whaley and Wong (1995)
2 >8 years of age

24-12 years of age

Fig. 9.1 Pain assessment tools. (a) FLACC behavioral pain assessment scale. (b) Wong-Baker faces pain scale.

(¢) Visual analog scale (VAS)
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9.3.1 Nociceptive Pain
Nociceptive pain is caused by past or ongoing
tissue injury in the form of mechanical, thermal
or chemical insults to the patient. Tissue damage
activates pain receptors (nociceptors) in the skin,
soft tissue, skeletal muscle, bone and certain vis-
cera as a warning signal to the body. Signals
from nociceptors travel via peripheral sensory
neurons and synapse within the dorsal horn of
the spinal cord. Following pathways through the
brainstem and thalamus, the pain signal is then
interpreted by the somatosensory cortex. This
process makes up the so-called ascending path-
way of pain and is the therapeutic target of opi-
oids. The interpretation and response to pain is
heavily modulated by a number of factors includ-
ing a subsequent descending pathway of inhibi-
tion of pain transmission from the brainstem to
dorsal horn neurons. N-Methyl-D-aspartate
(NMDA) receptors at the level of the dorsal horn
of the spinal cord play an important role in this
pathway. As signals continue to be received from
the ascending pathway, NMDA receptors are
activated and decrease central inhibition of the
transmission of ascending pain signals from
the periphery. This positive reinforcement of the
pain signal is key to the continued sensation of
pain. Importantly, p-opioid receptor activity also
increases NMDA activity, playing a central role
in the development of opioid tolerance and opi-
oid refractory pain. NMDA antagonists, there-
fore, have been shown to reduce opioid use
through reduction in tolerance and by encourag-
ing inhibition of pain signaling via the descend-
ing pathway (Collins and Walker 2006).
Important subtypes of nociceptive pain are
somatic and visceral pain. Somatic pain occurs
in response to inflammation and damage to the
soft tissue, muscle, skin and bone. It tends to
be well localized and described as a dull, ach-
ing pain or a sharp, stabbing sensation that is
worse with movement. Visceral pain is caused
by direct stimulation of afferent nerves due to
tumor infiltration or inflammation of some, but
not all, viscera. In contrast to somatic pain, vis-
ceral pain is poorly localized and is sometimes
referred to another body site. Patients often

describe visceral pain as dull, achy or squeez-
ing (Friedrichsdorf and Kang 2007). Control
of either type of nociceptive pain is dependent
on treatment or amelioration of the underlying
cause along with use of anti-inflammatory drugs
and opioids.

9.3.2 Neuropathic Pain

Neuropathic pain results from disruption of
neuron signaling pathways in the peripheral,
autonomic, and central nervous system and is
caused by direct nervous system injury or indi-
rect injury due to medications such as vincris-
tine (Baron et al. 2010). Nerve injury results in
inflammatory mediator signaling which increases
sodium channel expression on injured and sur-
rounding neurons. The threshold of activation
of the sodium channels is lowered which trig-
gers nociceptor activation as well. Additionally,
as in nociceptive pain, continued signaling from
damaged afferent peripheral nerves leads to over
activation of NMDA receptors with a resultant
decrease in the inhibitory tone of the descending
pathway. In addition to NMDA activity, sero-
tonin and norepinephrine also play a role in the
modulation of neuropathic pain, thus underlining
the importance of NMDA antagonists (i.e., ket-
amine) and serotonin and norepinephrine reup-
take inhibitors (i.e., SNRIs such as duloxetine,
venlafaxine, desvenlafaxine) in the treatment
of this pain (Portenoy et al. 2005). Neuropathic
pain is described as numbness and tingling, itch-
ing, burning, “pins-and-needles” sensations, and
sharp, shooting pain. Neuropathic pain can also
present with sensory disturbances like allodynia
and temperature sensitivity, causing dramatic
pain with even minor, otherwise normal stimuli
(Chong and Bajwa 2003).

9.4 Pharmacologic Treatment

of Pain

A summary of general principles for pain man-
agement is provided in Table 9.1. Detailed dis-
cussion and case examples are given below.
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Table 9.1 General analgesic principles®

1. Assess pain. Pain is a subjective feeling (ask the patient or use a developmentally appropriate pain assessment

scale — see Sect. 9.2)

(a) Determine previous pain history and management, current medications, allergies

(b) Explore contributing factors (e.g. disease course, anxiety, age, development, temperament)

2. In opioid-naive patients, start with short-acting opioids to control acute, moderate to severe pain. Do not use

long-acting opioids to control acute pain

3. When titrating or changing opiate dose, start by calculating the previous day’s total opioid requirement in oral

morphine equivalents (OME)

(a) Since all opioids produce analgesia by the same mechanism, they will produce similar degrees of analgesia if

provided in equianalgesic doses (see Sect. 9.4.5)

4. Determine if dose is adequate for pain control, and increase as needed (see Sect. 9.4.2)
5. Choose opioid that will be used and dose adjust for incomplete cross-tolerance if necessary (see Sect. 9.4.5)

(a) Typically, the only reasons to change from one opioid to another are side effects or renal failure

(b) When rotating, decrease dose by 25-50 % to correct for incomplete cross-tolerance

6. Determine route that opioid will be given. IM administration is rarely, if ever, indicated

(a) Rectal=oral =sublingual dosing and SC=IM =1V dosing

7. Determine a dosing schedule

(a) Use only short-acting prn doses until a sense is gained as to how much opioid is needed

(b) Once stable daily needs are determined (and need for pain medication is expected to persist), consider giving
6675 % of daily OME as a long-acting opioid (see Sect. 9.4.3)

(c) For patient-controlled analgesia (PCA) dosing see Sect. 9.4.6

8. Determine breakthrough dose for acute pain not controlled by the long-acting medication (see Sect. 9.4.4)
(a) Use same opioid for short- and long-acting when possible
(b) Give 10-15 % of total daily long-acting dose as breakthrough dose q3h prn

9. Manage side effects as they arise (see Sect. 9.4.7)
(a) Constipation is typically treated prophylactically

10. Determine whether co-analgesics/adjuvants and/or non-pharmacologic treatments would be beneficial (see

Sects. 9.5 and 9.6)

IM intramuscular, SC subcutaneous, [V intravenous, prn as needed
aLevel of evidence 1C for all recommendations per Guyatt et al. (2006); see Preface

Practitioners should utilize pain assessment tools,
expectation for length of pain control required,
and the patient’s individual pain history to help
guide decisions in pain management while con-
tinuing to reassess the patient for pain control and
monitoring of side effects after initiation of pain
medications.

9.4.1 World Health Organization

Pain Ladder

The World Health Organization (WHO) created a
three-step pain ladder as a basic approach to pain
management in children with cancer (Fig. 9.2).
A fourth step has also been developed for cancer
pain not responding to pharmacotherapy alone

and therefore requiring adjunct therapies such

as interventional anesthesia. Morphine is the

opioid used in the algorithm due to its ease of
administration, tolerability, wide availability
and well-understood side effects (Sirkia et al.

1997). Substitution with a different opioid is

acceptable. The ladder is based on four major

principles:

1. By the ladder: a stepwise approach should be
taken on the escalation of analgesics depend-
ing on the severity of symptoms.

2. By the clock: scheduled analgesics should be
given for steady state blood concentrations
with appropriate as-needed (PRN) dosing.

3. By the mouth: the least invasive route of admin-
istration should be used that is convenient and
cost-effective with effective pain control.
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Opioid for moderate to severe pain 3
+ non-opioid + adjuvant

Opioid for mild to moderate pain 2
+ non-opioid + adjuvant

Non-opioid for mild pain 1
+ adjuvant

Fig. 9.2 World Health Organization three-step pain
ladder

4. By the child: treatment plans should be indi-
vidualized to the child’s pain level and
response to therapy.

For mild pain (step 1), a nonopioid analgesic
should be primarily utilized. Ibuprofen and acet-
aminophen have been established for analgesia in
children >3 months of age; newborn trials have
found these agents to be ineffective (Berde and
Sethna 2002). Although not evidence-based, non-
steroidal anti-inflammatory drugs (NSAIDs) are
generally avoided in pediatric oncology patients
due to reversible antiplatelet and fever-masking
effects.

Step 2 in the WHO pain ladder calls for weak
opioid therapy with the consideration of adjuvants
such as combined opioid-NSAIDs. Step 2 has not
been well characterized and calls for the use of
pain medications that are controversial in pediat-
rics (Tremlett et al. 2010). Codeine, for example,
should be avoided in children due to concerns for
both efficacy and safety. Genetic variability in
cytochrome P450 isoenzyme 2D6 (CYP2D6) sig-
nificantly alters the ability to metabolize the drug
into its active metabolite, morphine. Roughly
one-third of Caucasian children have limited
ability or are unable to metabolize codeine to
morphine, and codeine-related deaths have been
reported in children with CYP2D6 alleles associ-
ated with ultrarapid metabolism (Williams et al.
2002; Kelly et al. 2012; Anderson 2013). The lat-
ter has led to a Food and Drug Administration
(FDA) black box warning which advises that

codeine is contraindicated in children after
adenotonsillectomy for obstructive sleep apnea
(Kuehn 2013). Additionally, medications such
as tramadol have not been well studied in pedi-
atrics, have a number of drug-drug interactions
and reach a ceiling analgesic effect (Zernikow
et al. 2009). Fixed combination products, such as
acetaminophen/oxycodone and acetaminophen/
hydrocodone, cause difficulty in dose escalation
of the opioid due to dose limitations from the
nonopioid component.

Step 3 in the WHO pain ladder calls for opioid
therapy with consideration of an adjuvant. Several
studies have demonstrated the efficacy of opioids
in pain treatment. Although adjuvant therapy can
be considered for the treatment of certain types
of pain, a prospective non-randomized study in
pediatric oncology patients demonstrated little
additional analgesic benefit from the addition of
nonopioids in children already receiving opioids
(Zernikow et al. 2006). Further, analgesia was not
improved when NSAIDs were added to a standing
regimen of opioids, and the benefit of NSAIDs
given for >7 days has not been established
(McNicol et al. 2005). Lastly, children with can-
cer are at increased risk of NSAID-related bleed-
ing as well as renal and gastrointestinal toxicity
due to concurrent use of medications required for
treatment of their tumors.

9.4.2 Intermittent Opioid Use

In opioid-naive pediatric oncology patients, it is
important to start with short-acting opioids to
control acute, moderate to severe pain. Long-
acting opioids should not be used for acute pain
as they are designed to slowly release medication
over a long period of time, generally 12 h. In chil-
dren it is important to choose the type, prepara-
tion, dose and route of opioid such that the patient
can comply with therapy. For example, intramus-
cular doses are avoided due to pain associated
with administration and bleeding risks in patients
with coagulopathy. Dosing depends on the route
of administration, which in turn dictates the time
to onset of medication effect. Rectal, sublingual
and oral dosing are equivalent and have maximal
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Table 9.2 Opioid equianalgesia conversions

Medication Parenteral (mg) Oral (mg)
Morphine 10 30
Oxycodone = 20
Hydromorphone 1.5 7.5
Oxymorphone 1 10
Fentanyl 0.1# -

Adapted from Friedrichsdorf and Kang (2007); McGhee
et al. (2011)
*This dosing is not equivalent for transdermal fentanyl
patches. Please refer to the specific drug information sheet
from the manufacturer for fentanyl transdermal patch
equivalency.

analgesic onset within 30—45 min. Subcutaneous,
intramuscular and intravenous (IV) dosing are
also equivalent, but the onset of action is faster,
typically within 15 min (Mercadante 2012).
When switching between oral and I'V routes, dos-
ing must be adjusted using a standardized equi-
analgesia table (Table 9.2). It is important to
remind patients changing from IV to oral dosing
that while the analgesic effect is expected to be
similar between routes, the time to onset of anal-
gesia is not.

Short-acting doses are given as needed until a
clear sense of the total daily opioid dose required
to keep the patient comfortable is established.
Once stable daily needs are determined and the
need for pain medication is expected to persist,
long-acting doses should be considered. Unless
there are contraindications such as renal failure,
morphine is generally used as the first-line opi-
oid. Initial doses should be calculated using a
dose-per-kilogram basis (Table 9.3). Doses
should be increased by 25-30% for uncon-
trolled pain.

Case 1: Initiating Opioid Therapy

A 10-year-old, 30 kg boy presents to your outpa-
tient clinic with a 3-month history of progressive
right hip and knee pain. CT scan shows a pelvic
lesion concerning for Ewing sarcoma, and now
you and the family are planning an outpatient
work-up of his tumor prior to starting therapy. The
mother reports that he has been using five doses a
day of acetaminophen for pain relief. Eric says he
feels like he’s being “stabbed in the leg” and rates
his pain as 8 of 10 with little relief from the

acetaminophen. He has no drug allergies. They are
asking if he can try something else for pain relief.

Plan

Looking at the WHO pain ladder, you decide to
move up to opioids for moderate pain. Since he
will be outpatient, you decide on an oral route,
noting the patient prefers tablets to liquid medi-
cations. You decide to start with immediate-
release morphine at a dose of 0.2-0.3 mg/kg
every 3 h as needed (Table 9.3).

30 kg x 0.2-0.3 mgpomorphine/kg
= 6—9mgpo morphine

You note that the smallest tablet preparation of
immediate-release morphine is 15 mg, so you
instruct him to take 7.5 mg (0.5 tab) every 3 h as
needed and to call if it is ineffective. Of note, prep-
arations including hydrocodone rather than oral
morphine would also be reasonable in this case.

9.4.3 Long-Acting Opioids

One should consider the use of long-acting opi-
oids when a stable daily dose of opioids is
achieved and a persistent use of pain medication
is expected. As described above, long-acting
agents should not be used for acute pain as they
slowly release medication. Long-acting opioids
allow for around-the-clock analgesia and are
used in combination with short acting opioids
that serve to manage acute or breakthrough epi-
sodes of pain. The benefits of long-acting opioids
include less use of breakthrough medication,
improved sleep at night, improved comfort upon
waking from sleep and less drowsiness.

When determining the amount of long-acting
opioids, it is important to calculate the previous
day’s total opioid requirement (oral morphine
equivalent or OME). Long-acting opioids should
be dosed at 1/2 to 2/3 of the total OME. Slow-
release morphine is used as first-line treatment
and generally prescribed every 8—12 h. Doses
should be reevaluated and titrated upwards if
optimal pain control is not reached. This often
occurs with disease progression or, less often, as
a result of opioid tolerance.
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Table 9.3 Pain management algorithm?

Pain level Rescue medication

Step 1 Mild pain Start rescue medication:

Start a nonopioid analgesic (NSAID or

acetaminophen) as needed
Step 2 Moderate pain Start or escalate rescue medication:

Acetaminophen with hydrocodone

Step 3 Severe pain Start or escalate rescue medication:

Morphine oral immediate-release preparation
(a) Opioid naive: 0.2-0.3 mg/kg/dose

q3-4 h prn

(b) Opioid exposed: increase previous

dose 25-50 % for moderate p
50-100 % for severe pain

Step 4 Severe-

persistent pain Morphine: IV, SC

(a) Opioid naive <6 months: 0.05-0.1 mg/

kg/dose q3-4 h prn

Start or increase rescue medication:

Sustained medication

Consider sustained therapy:

Consider a standing dose for short period of
time

Consider sustained therapy:

Acetaminophen with hydrocodone (same
dosage on scheduled basis)
Start or escalate sustained medication:
Morphine oral immediate-release preparation
(a) Opioid naive: 0.2-0.3 mg/kg/dose
q3-4 h prn
(b) Opioid exposed: total daily morphine
ain and dose divided every 3—4 h prn
If meant for prolonged use, consider
sustained-release morphine formulation
Use of methadone or fentanyl patch
should be in conjunction with palliative
care or pain specialist
Initiate or escalate sustained medication:
(a) Transition sustained medication to IV
equivalent
(b) Consider an infusion

(b) Opioid naive >6 months: 0.1-0.2 mg/

kg/dose every 3—4 h prn

(c) Opioid exposed: previous total daily
oral dose converted to IV morphine
equivalent and divided by frequency

Consider patient-controlled analges
with morphine:
(a) Opioid naive: basal infusion, 0

ia (PCA)

-0.02 mg/

kg/h; demand dose, 0.015-0.02 mg/kg/
dose; lockout interval, 5—15 min

(b) Opioid exposed: basal infusion, daily
dose divided by 24 h; demand dose,

50-100 % of hourly dose; loc
interval, 5—15 min

NSAID nonsteroidal anti-inflammatory drug, /V intravenous,
Adapted from Klick and Hauer (2010)
aLevel of evidence 1C for all recommendations per Guyatt et

Fentanyl patches and methadone are also
effective as long-acting agents but are generally
reserved when therapy with morphine or oxyco-
done has been unsuccessful or side effects have
precluded their use. Equianalgesic conversions
of fentanyl and methadone can be complicated
and vary based on the total amount of OMEs.
Methadone has unique pharmacokinetic proper-
ties that must be taken into consideration due to a
long half-life requiring initially frequent dosing
but later only every 12-24 h dosing. Methadone is

kout

SC subcutaneous

al. (2006); see Preface

potentially beneficial as it has less pruritus side
effect and also may help treat concomitant nau-
sea. A fentanyl patch can be a convenient way to
provide pain medication delivery in the patient
unable to easily take oral medications. Fentanyl
and methadone should be prescribed by clinicians
experienced in their use.

Case 1 (Continued) Starting Long-Acting Opioids
You see Eric 2 days later and he tells you the mor-
phine is working well. Eric says his pain drops
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from 8 of 10 to 3 of 10 within about 30 min of
taking the medication, and the pain relief lasts for
3—4 h. His mother says he uses seven doses a day,
but that he has excellent pain control. However,
Eric does say that when he wakes up from sleeping
his pain is really bad and takes some time to come
back under control. Thus, his mother has been
waking him up at night to give him the morphine.
His mom is tired, but she tells you she’s willing to
do whatever it takes to keep him comfortable.

Plan

You decide that Eric would best be served with a
long-acting opioid. To start, you calculate his
total daily opioid requirement.

7.5mg pomorphinex 7 doses / day
= 52.5mg po morphine per day

You then determine that about 2/3 of his daily
dose should be in his long-acting medication.
Taking 2/3 of 52.5 mg, you decide that approxi-
mately 35 mg of morphine per day should be
given in a long-acting form. Since morphine has
worked so well for him, you choose sustained-
release morphine as your long-acting agent.
Noting that it comes in 15 mg tablets, you pre-
scribe 15 mg by mouth twice a day, which will
provide 30 mg per day in a long-acting form. You
take care to advise Eric and his mother that this
should be taken roughly every 12 h regardless of
his pain level and that this medication will not
help with breakthrough pain. He will also need a
breakthrough dose; instructions for this calcula-
tion are in Sect. 9.4.4.

9.4.4 Breakthrough Dosing

Breakthrough dosing of pain medications should
be used for acute pain that is not controlled by a
long-acting medication. When possible, the same
opioid should be used as the short- and long-
acting agent. This dose should be calculated as
10-20 % of the total daily long-acting dose every
3—4 h as needed. All patients should have access
to a breakthrough medication. An adult study
demonstrated that up to 67 % of cancer patients
with well-controlled pain have transitory episodes

of breakthrough pain requiring treatment (Bruera
and Neumann 1999). Younger children with can-
cer tend to experience more breakthrough pain
than older children (Friedrichsdorf et al. 2007).
If more than three breakthrough doses are
needed in 24 h, consideration should be given to
increasing the long-acting opioid dose. This
should be done by calculating the daily OME
from the long-acting opioid and from the total
amount of breakthrough medicine required. A
new long-acting dose can then be calculated using
the principles listed in Sect. 9.4.3. A new, higher,
breakthrough dose should be calculated as
10-20 % of the new, total daily long-acting dose.

Case 2 Calculating Breakthrough Dosing

You are taking care of a 50 kg girl with osteosar-
coma of the proximal tibia. She is now 6 days post
gross total resection of her tumor with a limb-spar-
ing procedure. She has been on morphine by
patient-controlled analgesia (PCA), and from a
surgical standpoint, she is ready for discharge. Her
morphine PCA settings have been a continuous
rate of 1 mg/h with a demand dose of 1.5 mg every
15 min. She has been receiving about eight demand
doses per day for the past 2 days and notes good
pain control. The surgical team is asking you to
determine an outpatient pain plan. She requests
that you attempt to keep things in pill form.

Plan
The first step is to determine the total daily mor-
phine requirement. Each day she receives 24 mg
(1 mg/h) from her continuous rate and 12 mg
(1.5 mgx8 doses) from her demand, giving a
total dose of 36 mg of IV morphine/day. Next
you must decide on the oral formulation. Since
morphine has worked well for her, you decide
that you will use sustained-release morphine as
your long-acting agent and immediate-release
morphine for breakthrough.

To calculate the proper dose, you then need to
convert the medication into OMEs (Table 9.2, see
Sect. 9.4.5):

36 mg IV morphine X 30mg POmorphine

10 mg IV morphine
=108 mg PO morphine
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The next step is to determine the amount of medi-
cation to place in long-acting form. In general,
you would choose to take 2/3 of the total daily
dose. Thus, 2/3 of 108 mg PO morphine is about
72 mg PO morphine. Noting that sustained-
release morphine comes in 30 mg tablets given
every 12 h, you decide to use 30 mg twice daily
as the long-acting dose.

Next you need to calculate the breakthrough
dose. Knowing that you are now going to give
60 mg per day as a long-acting dose, you can
estimate the breakthrough dose at 10-20 % of the
long-acting dose. This gives you a dose some-
where between 6 and 12 mg of immediate-release
morphine. Recognizing that immediate-release
morphine comes in 15 mg tablets, you choose a
breakthrough dose of 7.5 mg.

Hence, you have settled on the following plan:
1. Sustained-release morphine 30 mg PO twice a

day
2. Immediate-release morphine 7.5 mg PO every

3 h as needed for breakthrough pain

9.4.5 Opioid Rotation
and Equianalgesia

When titrating or changing opiates, it is impor-
tant to start by calculating the previous day’s
OME. All opioids produce analgesia by the same
mechanism; thus, if provided in equianalgesic
doses, they will produce the same degree of anal-
gesia (Table 9.2). The most common reasons to
change from one opioid to another are side effects
and poor response to pain control despite appro-
priate titration (Drake et al. 2004). Other indica-
tions for opioid rotation include renal failure,
problematic drug-drug interactions, preference or
need for different route of administration or
financial considerations.

When rotating opioids it is important to con-
sider incomplete cross-tolerance. This concept
takes into account that tolerance developed to
one opioid does not imply complete tolerance to
another. Also, the new drug may be more effec-
tive due to differences in drug bioavailability or
potency (Pasero and McCaffery 2011). To
account for this phenomenon, a dose reduction

by 25-50 % should occur when rotating opioids
(Indelicato and Portenoy 2002). In most cases a
25% reduction is appropriate but practitioners
should use clinical judgment in determining how
much of a dose reduction should occur as a result
of incomplete cross-tolerance. For example, in
the case of a patient who has undergone rapid
increases in opioid dosing for pain subsequently
deemed to be allodynia, a dose reduction of 50 %
may be more appropriate.

Case 3 Opioid Switching

You are taking care of a 50 kg young man with
newly diagnosed leukemia. He’s been using mor-
phine 5 mg IV every 3 h as needed for bone pain.
Although he notes good pain relief, he has been
itching uncontrollably. He asks you if there is
anything you can do to help with his pain but
keep him from itching.

Plan

This is one of the most common reasons to switch
opioids. Although you could try a medication to
treat the itching, changing the offending agent
avoids polypharmacy. You decide that hydromor-
phone would be a nice alternative. To calculate a
dose, you first need to determine the equianalge-
sic dose of hydromorphone and morphine
(Table 9.2):

1.5mg IV hydromorphone

5mg IV morphinex -
10 mg IV morphine

=0.75mg IV hydromorphone

The last step is to account for incomplete cross-
tolerance. A dose reduction of 25 % would
provide a dose of about 0.56 mg of IV hydro-
morphone. Thus, an order for 0.6 mg of IV
hydromorphone every 3 h as needed for pain
would be appropriate.

9.4.6 Patient-Controlled Analgesia
Calculations

Patient-controlled analgesia (PCA) is indicated
for use when pain is not controlled with oral
medications, there is inability to take oral medi-
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cations, there is possibly poor gastrointestinal
absorption of pain medications, or if the child or
parent has a preference for the PCA. Studies have
demonstrated PCA effectiveness in postoperative
pain, but PCA use is additionally effective in
burns, mucositis, bone marrow transplant and
sickle cell disease (Gaukroger et al. 1991; Mackie
et al. 1991; Collins et al. 1996a; Dunbar et al.
1995; Trentadue et al. 1998; Walder et al. 2001).
Children as young as 6 years are able to indepen-
dently provide effective postoperative pain con-
trol when taught appropriate PCA use (Berde
et al. 1991).

General principles and dosing of PCA are
listed in Table 9.3. Opioid naive patients should
be started at low doses of medication. Lockout
intervals, which represent how often a patient can
push their PCA button to receive medication,
should range between 5 and 15 min. Children
currently receiving opioids should have their
total daily OME calculated and a proportion of
that dose (usually 2/3) divided over 24 h to give a
continuous PCA rate. Demand (or breakthrough)
doses for these patients should range from 50 to
100% of their total hourly doses. PCA dosing
plans should be frequently reassessed and titrated
as necessary.

Initiation of PCA requires close monitoring of
respiratory rate, oxygen saturation, blood pres-
sure, heart rate, pain score, sedation score and
nausea. Continuous pulse oximetry should be
considered when PCA is started and naloxone
should be available. If the child becomes somno-
lent, difficult to arouse, has a respiratory rate <8
or oxygen saturation <92 % with respiratory rate
<12, or pinpoint pupils, administration of the opi-
oid should be stopped and supplemental oxygen
given along with naloxone. Doses can be cau-
tiously restarted at 50 % of the original dose once
the patient is alert and if they are experiencing
pain. Many institutions have developed protocols
for authorized agent-controlled analgesia
(AACA) for children <6 years which can include
either nurse-controlled or caregiver-controlled
analgesia as long as the caregiver is consistently
available, competent, and properly educated and
the authorized agent is designated in the medical
order (Wuhrman et al. 2007).

Case 4 PCA Calculations

A 15-year-old boy with acute myelogenous leu-
kemia has developed mucositis while pancytope-
nic. He has been using 6 mg of IV morphine
every 3 h around the clock. He tells you that the
morphine has been very helpful, but his pain
returns prior to the 3 h mark. He also complains
that he gets somnolent immediately after the
morphine dose is given. You decide that a PCA
is warranted in order to give him better pain
control.

Plan
The first step is to calculate his total 24 h use of
morphine:

6 mg of IV morphine x 8 doses per day
=48 mg IV morphine per day

Next, you take 2/3 of that dose
(48 mgx0.67=32 mg) and plan for it as your
continuous rate. Dividing 32 mg by 24 h gives
you a continuous rate of about 1.2 mg/h. Next
you must plan for your demand dose. There are
a number of ways of doing this, but a good
place to start would be to simply have the
demand dose provide 50 % of the hourly rate
with two demand doses per hour. The goal is to
return the patient to comfort with a single
demand dose, thus you may need to adjust this
depending on his response. Finally you need
to determine a lockout interval. The timing
of this is patient dependent, but since the anal-
gesic onset of action for morphine occurs
within 10-15 min, this is a standard lockout
interval.

Hence, you’ve decided on a morphine PCA
with the following settings:

Morphine 1.2 mg/h plus 0.6 mg demand dose
every 15 min as needed with a maximum hourly
dose of 2.4 mg (bolus+2 demand doses)

Follow-up:

The next morning the intern reports to you
that the patient used 25 demand doses for a total
daily dose of 43.8 mg (~1.8 mg/h). When you
speak with the patient, he tells you that he is
overall comfortable, but he sometimes needs two
demand doses to return to comfort, especially
upon waking from sleep.
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Plan

In general, you’d like the patient to receive about
2/3 of his daily dose from the continuous and 1/3
from his demand, which when calculated is what
heis receiving per hour (43.8 mg x0.67=29.3 mg,
which divided by 24 h is 1.2 mg/h). However, his
requirement for multiple doses after sleeping
indicates that his continuous rate may be too low
and also that he may need a higher demand dose.
In such a situation, simply adjusting both contin-
uous and demand dosing by 20-30% is a reason-
able strategy, in this case increasing his basal rate
to 1.4 mg/h and pushes to 0.7 mg, assuming no
untoward opioid side effects as discussed below.

9.4.7 Side Effects of Opioids

Although generally well tolerated, opioids can
cause adverse side effects in a minority of
patients. Much of what has been studied about
side effects has been investigated in adults
(Cherny et al. 2001). Side effects can be man-
aged by a reduction in the total opioid dose, but
this is usually inappropriate as it would lead to
ineffective pain management. Additionally, opi-
oids can be switched to a different class (i.e.,
opioid rotation; see Sect. 9.4.5), which success-
fully manages most side effects (Drake et al.
2004). Symptomatic management of side effects
is also a preferred method but adds to the medi-
cation burden. Low-dose naloxone has potential
benefit in some opioid-induced side effects as
described below, with the optimal dose in pedi-
atric patients reported to be >1 pg/kg/h (Monitto
etal. 2011).

9.4.7.1 Constipation

Intestinal motility is slowed by all opioids.
Constipation should be anticipated and children
should have one non-forced bowel movement
every 1-2 days. In opioid-induced constipation,
no laxative has been shown superior (Candy et al.
2011). Stool softeners such as docusate work by
drawing water into the stool making it softer and
thus require adequate fluid intake to be effective.
Although commonly prescribed, efficacy of stool
softeners as single agents in opioid-induced con-

stipation is poor; thus, they should be used in
combination with laxatives (Thomas 2008).
Similar to stool softeners, fiber bulking agents
draw and maintain water in stool, allowing mul-
tiple bowel movements to pass. Without adequate
water intake, these agents may worsen constipa-
tion. Osmotic laxatives such as lactulose, sorbi-
tol, magnesium citrate, and polyethylene glycol
cause increased passage of stools through soften-
ing and pushing forward. Stimulant laxatives
(i.e., senna and bisacodyl) increase peristalsis
through stimulation of the myenteric plexus.
Stimulant laxatives also increase intestinal secre-
tions by altering fluid and electrolyte transport.
Feudtner et al. (2014) have recently shown that
senna therapy is more effective than other oral
bowel medications for problematic opioid-
induced constipation in pediatric oncology
patients. Lubricant laxatives like mineral oil are
primarily used for fecal impaction and work by
softening fecal mass. Mineral oil, however, is
generally avoided in children, especially infants
and those with neurologic impairment, due to the
risk of pneumonitis with aspiration (Phatak and
Pashankar 2013). Rectal laxatives such as sup-
positories and enemas are generally used when
other therapies have failed. In oncologic care,
rectal agents are discouraged due to risk of infec-
tion in immunosuppressed patients.

Naloxone and methylnaltrexone are opioid
antagonists which have potential benefit for
reversal of opioid-induced constipation in the
pediatric population. Naloxone is a nonselective
opioid receptor antagonist that reverses all
peripheral and central opioid mechanisms by
crossing the blood-brain barrier. Oral naloxone is
extensively metabolized in the liver with <2%
systemic bioavailability (Holzer 2010). Use of IV
naloxone in this scenario is not appropriate as it
will lead to rapid reversal of analgesia with onset
of acute pain and may cause withdrawal symp-
toms. Methylnaltrexone is a selective, quaternary
opioid antagonist that works only at peripheral
p-opioid receptors. This inability to cross the
blood-brain barrier allows methylnaltrexone to
treat opioid-induced constipation without inter-
fering with analgesia. In a randomized trial,
Thomas et al. (2008) showed benefit of
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subcutaneous methylnaltrexone in adult patients
with opioid-induced constipation. One pediatric
case series of 15 oncology patients has shown the
potential benefit of subcutaneous methylnaltrex-
one in this setting at a mean dose of 0.15 mg/kg/
dose (Rodrigues et al. 2013).

9.4.7.2 Nausea and Vomiting

Nausea and vomiting are rare opioid side effects
in children but can occur with therapy initiation
and will usually resolve within a few days. If
nausea or vomiting persists, antiemetics such as
ondansetron can be helpful. A detailed history is
necessary to rule out constipation which can be a
troublesome side effect of opioid therapy and
result in significant nausea and vomiting. Low-
dose naloxone has shown potential benefit in
opioid-induced nausea and vomiting (Cepeda
et al. 2004; Maxwell et al. 2005; Monitto et al.
2011).

9.4.7.3 Pruritus

Pruritus is a common side effect of opioid use
and is the most common cause of opioid rotation
in children (Drake et al. 2004). Pruritus often
occurs with opioid initiation and clears within a
few days. Low-dose naloxone has shown poten-
tial benefit in relieving opioid-induced pruritus
(Cepeda et al. 2004; Maxwell et al. 2005; Monitto
et al. 2011). If not improved with time and low-
dose naloxone, opioid dose reduction can be con-
sidered. If this is unsuccessful or leads to
inadequate pain management, diphenhydramine
or hydroxyzine can be used. However, it is impor-
tant to recognize that this is not an allergic or
histamine-mediated reaction. Opioid rotation
should be reserved when the above interventions
have not successfully controlled pruritus and pain
control is still required.

9.4.7.4 Sedation

Initiation and increase of opioid therapy may
lead to a period of drowsiness that typically
resolves within a few days. Persistence of seda-
tion often is the result of renal, hepatic or CNS
disease. In renal dysfunction, one of morphine’s
centrally acting metabolites, M6G, can accumu-
late. In this example, opioid rotation to an agent

not renally excreted such as fentanyl is appropri-
ate. Psychostimulants such as methylphenidate
have shown benefit for their role as pain adjuncts
and anti-sedatives in adult and adolescent trials
but with adverse effects such as decreased appe-
tite and tremor (Yee and Berde 1994). These
medications have not been studied as an adjunct
to opioid analgesia in younger children.

9.4.7.5 Confusion and Agitation

Renal and hepatic function should be checked
when children become confused or agitated with
opioids, and it should be ensured that correct dos-
ing is being given. Opioid doses should be
decreased or dosing intervals increased if with
underlying hepatic or renal dysfunction. If confu-
sion and agitation persist, opioid rotation should
be strongly considered.

9.4.7.6 Respiratory Depression

When dosed appropriately, opioids rarely result
in respiratory depression (Olkkola et al. 1988;
Lynn et al. 1993). Cases of respiratory depression
have primarily been seen when intravenous opi-
oids are rapidly administered for procedures,
when there is inability to excrete opioids or with
concurrent use of benzodiazepines. Through its
release of catecholamines, pain itself acts as a
respiratory drive stimulant. Signs to evaluate for
true respiratory depression include sleepiness,
decreased consciousness, decreased respiratory
rate and central apnea. If these symptoms are
noted, an opioid antagonist such as naloxone
should be administered and opioids restarted at
50 % dosing after resolution of symptoms.

9.4.7.7 Myoclonus

Patients receiving very high doses of opioids for
a prolonged duration may experience myoclonus.
Myoclonus typically presents as brief, involun-
tary muscle contractions that occur due to an
accumulation of neurotoxic metabolites such as
morphine-3-glucuronide (M3G). Treatment of
myoclonus consists of the use of benzodiazepines
such as midazolam or clonazepam or muscle
relaxants such as baclofen or dantrolene
(Mercadante 1998). Opioid rotation should be
strongly considered.
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9.4.7.8 Urinary Retention

Urinary retention can be caused by any opioid but
is seen more frequently with epidural or spinal
opioids, often after rapid dose escalation.
Interventions to help treat urinary retention include
external bladder pressure, intermittent catheteriza-
tion, and bethanechol or tamsulosin to stimulate
bladder contraction. However, the easiest and least
invasive way to manage this is through opioid rota-
tion. Gallo et al. (2008) have shown in adult post-
operative patients treated with morphine PCA that
low-dose naloxone improved urinary residuals and
increased urinary frequency.

9.5 Neuropathic Pain

Neuropathic pain, as described in Sect. 9.3, is
caused by damage to nociceptors and nociceptive
pathways leading to abnormal pain signaling.
Neuropathic pain has not been well studied in
children. Characteristics that make neuropathic
pain distressful include underassessment, pro-
longed duration and poor response to currently
available treatments (Simon et al. 2012). Causes
of neuropathic pain include lesions of the spinal
cord, tumor-related pain that may damage tissues
and nerves, and chemotherapeutic agents such as
vincristine (see Sect. 9.8.1), cisplatin, and pacli-
taxel. Symptoms can last for months to years and
can be exacerbated at the end of life (Drake et al.
2003).

Guidelines on assessment and diagnostic scales
for evaluation have been designed for adults and
can be used in adolescents (Haanpaa et al. 2011).
Diagnosis in children is based primarily on symp-
tom character and quality (see Sects. 9.3 and
9.8.1). A Cochrane review in adults found mixed
results for the use of opioids in the treatment of
neuropathic pain (Eisenberg et al. 2006). Adjuvants
are typically used with opioids since an effective
pain response with opioids alone may not be
achieved (Chaparro et al. 2012). Adjuvant medica-
tions can cause significant side effects requiring
patient and family education about these effects.
Systematic evidence on the use of such adjuvant
agents in pediatric oncology patients is lacking
(Jacob2004; Anghelescu etal. 2014). Additionally,

these medications can be used solely but require
weeks of gradual titration. Topical agents such as
capsaicin and lidocaine have shown some promise
in producing analgesia in adult populations
(Babbar et al. 2009; Cheville et al. 2009).

9.5.1 Calcium Channel Blockers
Calcium channel blockers such as gabapentin
and pregabalin bind presynaptic voltage-gated
calcium channels in the dorsal horn reducing the
release of neuroexcitatory transmitters such as
glutamate, noradrenaline and substance P. These
agents have been the most studied in the pedi-
atric population for neuropathic pain and inhibit
the development of hyperalgesia and allodynia
(Buck 2002; Vondracek et al. 2009). Doses can be
titrated upwards as often as every 3 days although
side effects may be limiting (see Sect. 9.8.1 for
dosing). Side effects include lethargy, nausea and
vomiting, dizziness, weight gain, and behavioral
problems such as aggression, restlessness, and
hyperactivity. Gabapentin and pregabalin are
renally excreted and doses must be adjusted for
renal insufficiency or failure.

9.5.2 Serotonin and Norepinephrine
Reuptake Inhibitors

SNRIs inhibit serotonin and norepinephrine
reuptake and have no effect on postsynaptic
receptors. A few adult studies have shown
improved neuropathic pain and minimal side
effects with these agents (Goodyear-Smith and
Halliwell 2009). Nausea is the most common
reported side effect. Doses are generally titrated
upwards on a weekly basis. Venlafaxine is avail-
able in an extended release form.

9.5.3 Tricyclic Antidepressants

The mechanism of action of tricyclic antidepres-
sants (TCAs) is not well understood but appears
to result from a combination of serotonin and nor-
epinephrine presynaptic reuptake and inhibition
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of sodium channels. TCAs used in management
of neuropathic pain include amitriptyline, imip-
ramine, doxepin, desipramine and nortriptyline.
Amitriptyline, imipramine, and doxepin are ter-
tiary amines and cause increased levels of seda-
tion. Other side effects include anticholinergic
effects such as urinary retention, dry mouth, con-
stipation and blurred vision. Doses should be
titrated upwards weekly. TCAs are contraindi-
cated in epileptic children because they lower the
seizure threshold and in children with heart fail-
ure or cardiac conduction defects due to QTc pro-
longation effects.

9.6 Non-pharmacologic

Treatment of Pain

The combination of pharmacologic and non-
pharmacologic techniques to relieve pain and
improve comfort has become increasingly recog-
nized as complementary components in pain
management (Twycross et al. 2009). Non-
pharmacologic treatments address both physical
and psychological aspects of pain and are often
combined for improved pain control (Culbert and
Olness 2010). Children with cancer often use
alternative therapies in conjunction with standard
pharmacologic treatments (Friedman et al. 1997).
It is important to create a treatment plan that
combines non-pharmacologic modalities that
engage the child and compliment the child’s
energy level and comorbidities. Early introduc-
tion of these techniques helps them become ther-
apeutically effective over time. Ideally all patients
would utilize complementary therapies, espe-
cially when faced with chronic pain, although
this is often limited by lack of resources.

9.6.1 Guided Imagery

Guided imagery uses personalized storytelling to
aid children in mastering situations that provoke
anxiety or fear. Parental involvement in the process
is encouraged so the story can be retold during
stressful treatments or procedures. Attention-
distraction imagery involves teaching children to

imagine a pleasant mental image during a painful
experience (Turk 1978). Several studies have dem-
onstrated the synergy of guided imagery with phar-
macologic therapy in reducing pain and distress
(Kuttner et al. 1988). In children undergoing bone
marrow aspiration, an 18 % reduction in behavioral
distress scores and 25 % reduction in self-reported
pain scores has been noted with guided imagery
(Jay et al. 1987). Imagery has been studied in older
children and adults but has been particularly help-
ful in children from the age of 3—6 years where the
boundaries between fantasy and reality are less
concrete (Kuttner et al. 1988; Syrjala et al. 1995).

9.6.2 Biofeedback

Biofeedback is the process of converting physio-
logic signals such as blood pressure, pulse, mus-
cle contractions, skin temperature and sweat
response into audio or visual signals. Children
are taught to observe these signals to help volun-
tarily control their physiologic response to pain
and stress. Biofeedback is commonly used by
pediatric anesthesia services for pain and anxiety
management (Lin et al. 2005). Most studies dem-
onstrating success using biofeedback have been
conducted in children with chronic headache,
with a 50 % symptom reduction in >2/3 of chil-
dren (Blanchard and Schwarz 1988; Hermann
and Blanchard 2002).

9.6.3 Acupuncture

Acupuncture is an ancient Chinese healing tradi-
tion that inserts needles into acupuncture points
to balance the body’s energy. Older children are
more likely to prefer acupuncture as a comple-
mentary technique to manage pain (Tsao 2006).
Acupuncture has been shown effective in postop-
erative and chronic pain, reducing cancer-related
pain by 36% at 2 months from baseline (Alimi
et al. 2003). An adult study of acupuncture and
chemotherapy-induced nausea and vomiting
showed that over a 5 day period, a median of ten
less episodes of nausea and vomiting were reported
per patient in those who received acupuncture with
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pharmacologic therapy versus pharmacologic ther-
apy alone (Shen et al. 2000).

9.6.4 Transcutaneous Electrical
Nerve Stimulation

Transcutaneous electrical nerve stimulation
(TENS) units provide electrical stimulation via
electrodes to the underlying nerves near the
source of maximal pain. A Cochrane review
found conflicting evidence on the efficacy of
TENS units in alleviating chronic low-back pain
in adults (Khadilkar et al. 2008). Small pediatric
studies have showed moderate success using
TENS for chronic back pain in children (Van
Epps et al. 2007). No studies in pediatric oncol-
ogy patients have been reported.

9.6.5 Other Complementary
Therapies

Several studies conducted in adults have demon-
strated efficacy of other complementary therapies
such as music therapy, support groups, and reiki
in reducing the burden of pain and anxiety. Music
therapy has been shown to increase length of life
in adult hospice nursing home patients (Hilliard
2004). A 1-year prospective, randomized study
demonstrated the value of support groups in
reducing mood-disturbance scores, decreasing
phobia and improving maladaptive responses in
women with metastatic breast cancer (Spiegel
et al. 1981). The use of reiki, a complementary
technique using therapeutic touch, has shown
improvement in quality of life rating and visual
analogue scale pain rating for patients with can-
cer (Olson et al. 2003).

9.7 Interventional Techniques

Anesthesiologists with expertise in pain manage-
ment can aid in the treatment of refractory recal-
citrant pain through interventional techniques
including epidural or intrathecal injections and
peripheral nerve blocks. These techniques are

used when there are limiting side effects of opi-
oids, neuropathic pain that is unresponsive to
rapid escalation or massive doses of opioids, and
with procedural anesthesia (Collins et al. 1996b).
At the end of life, rapid escalation of opioid med-
ications is often required (Hewitt et al. 2008).
Central neuraxial blocks (i.e., intrathecal or epi-
dural blocks) and continuous peripheral nerve
blocks help avoid systemic toxicity when rapid
escalation of oral medications is required.
Relative contraindications to central neuraxial
blocks include fever, thrombocytopenia, wound
at the catheter site, vertebral or spinal metastases,
or fractures at the catheter site. Pain blockade via
these methods has demonstrated efficacious anal-
gesia with a moderation of opioid requirements
and few side effects despite relative contraindica-
tions to catheter placement (Anghelescu et al.
2010).

9.8 Oncology-Specific Pain
Issues
9.8.1 Vincristine-Related Peripheral

Neuropathy

Vincristine is an effective antineoplastic agent
used widely in pediatric oncology but is associ-
ated with both autonomic and sensorimotor neu-
ropathy leading to peripheral neuropathy and
neuropathic pain (Moore 2009). Symptoms of
neuropathic pain due to vincristine include tin-
gling, shooting pain, numbness, and pins-and-
needles-type pain primarily in the hands, feet,
and legs. Vincristine disrupts microtubular for-
mation during mitosis and damages intraepider-
mal nerve fibers possibly via mitochondrial
dysfunction. Longer axons tend to be most vul-
nerable, thus explaining the stocking glove distri-
bution pattern of the neuropathy (Han and Smith
2013). Vincristine toxicity is significant and can
lead to dose reduction and delays in therapy. In
patients being treated for acute lymphoblastic
leukemia (ALL), 35% experienced at least one
episode of neuropathic pain, with events clus-
tered around periods of weekly vincristine
administration (Anghelescu et al. 2011).
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Gabapentin and opioid agents have been used
to treat vincristine-related neuropathic pain alone
or in combination. Gabapentin, in doses ranging
from 10 mg/kg/day up to 50-70 mg/kg/day, was
well tolerated and reduced pain scores amongst
children undergoing ALL treatment (Anghelescu
et al. 2011). Studies from adult patients with
peripheral neuropathy from other causes have
shown that coadministration of gabapentin with
opioids resulted in significantly better pain control
than placebo or either agent alone (Gilron et al.
2005). This synergistic effect was also observed in
rat models (Matthews and Dickenson 2002).

Prior to gabapentin, TCAs were considered
first-line therapy for neuropathic pain and can be
considered (see Sect. 9.5.3) (Sindrup and Jensen
1999). Mouse models implicating 5-HT2A recep-
tor involvement in neuropathic pain have led to
interest in the use of SNRIs though clinical evi-
dence in humans is lacking (Marchand et al. 2003;
Thibault et al. 2008). Case reports have discussed
use of pyridoxine and pyridostigmine with some
effect but larger case series or trials have not been
performed (Akbayram et al. 2010). Other chemo-
therapeutic agents linked to neuropathic pain syn-
dromes include other vinca alkaloids (vinblastine,
vinorelbine), platinum agents (cisplatin, oxalipla-
tin), taxanes (paclitaxel, docetaxel) and newer
agents like bortezomib (Han and Smith 2013).

9.8.2 Osteonecrosis

Osteonecrosis (ON) is a painful and potentially
crippling condition typified by ischemic and
necrotic changes in bone. In children, ON is com-
monly associated with corticosteroid exposure in
ALL and lymphoma but can occur independent
of steroid therapy in cancers involving bone or
bone marrow (Vora 2011). Additional risk factors
for ON include age >10 years, obesity, Caucasian
race, treatment intensity and asparaginase use
(Mattano et al. 2000; Niinimaki et al. 2007;
Kawedia et al. 2011). While many children
treated for ALL have evidence of ON on mag-
netic resonance imaging (MRI), symptomatic
ON incidence is <20% (Mattano et al. 2000;
Kawedia et al. 2011; Hyakuna et al. 2014).

Pain from ON ranges from mild intermittent
pain to chronic debilitating pain. Analgesic treat-
ment for ON should follow the general guide-
lines of the WHO pain ladder (see Sect. 9.4.1)
starting with NSAIDs, if appropriate. COX2
inhibitors such as celecoxib may be preferable in
patients for whom antiplatelet effects are a con-
cern. Intermittent short-acting opioids may be
sufficient for patients who cannot tolerate NSAID
therapy. Patients with persistent pain requiring
multiple doses of opioids per day benefit from
long-acting opioids. In patients with chronic
pain, methadone is an attractive option given its
resistant nature to opioid tolerance. Patients who
develop chronic pain from ON may best be
served by a chronic pain management specialist.

Bisphosphonate therapy has been recently
investigated as a method for reducing pain in
patients with ON. An Australian study risk strati-
fied a small population of children with ON and
found reduction in pain amongst “severe risk”
patients who received monthly IV pamidronate
versus “moderate risk” patients receiving oral
bisphosphonates and “mild risk” patients receiv-
ing calcium/vitamin D supplementation (Kotecha
et al. 2010). A Canadian study similarly found
that 14/17 (77 %) patients with symptomatic ON
noted pain relief with a 3-day course of IV pami-
dronate given every 4 months (Leblicq et al.
2013). A study investigating zoledronic acid in
children has demonstrated similar results (Padhye
et al. 2013). Referral to an orthopedic surgeon
experienced in ON management can be beneficial,
especially for patients with significant debilitating
symptoms. Surgical options which can improve
functionality and reduce pain include core decom-
pression and joint replacement. Other suggested
supportive care measures for ON include physical
therapy, weight loss, and treatment of vitamin D
deficiency, if present (Vora 2011).

9.8.3 Post-lumbar Puncture
Headache

Lumbar puncture (LP) is a common diagnostic
and therapeutic procedure in pediatric oncology.
Although relatively uneventful, the most common
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adverse effect of LP is a post-procedure headache.
Typically occurring within 72 h of the procedure,
symptoms of post-LP headache include throbbing
pain in the bilateral occipital and frontal regions
that is exacerbated by vertical position and
Valsalva and palliated by lying flat. Most head-
aches resolve within 7 days, but some last for sev-
eral weeks. The headache is thought to be caused
by leakage of cerebrospinal fluid (CSF) and sub-
sequent loss of CSF pressure. It is theorized that
loss of CSF pressure leads to traction on pain-
sensitive intracranial structures or an increase in
cerebrovascular blood volume with resultant
vasodilation, either of which could cause head-
ache (Turnbull and Shepherd 2003). In children,
the incidence of post-LP headache has been
reported to be between 6 and 15 % and has been
shown to occur in even young children although is
much more common in adolescents (Kokki et al.
1999; Lee et al. 2007; Crock et al. 2014).

Various methods have been proposed to reduce
the occurrence of post-LP headache. General
guidelines suggest that LP performed with cutting
needles should have the beveled edge oriented
parallel to the dural fibers, which run longitudi-
nally (Janssens et al. 2003). Post-procedure bed
rest has been suggested, but not found to be help-
ful (Lee et al. 2007). Studies investigating the use
of smaller gauge needles have not found signifi-
cant differences in incidence (Ebinger et al. 2004;
Crock et al. 2014). Use of an atraumatic, or “pen-
cil-tip,” needle (i.e., Whitacre), has been shown to
significantly reduce the incidence of post-LP
headache although one study found no difference
(Kokki et al. 1999; Thomas et al. 2000;
Apiliogullari et al. 2010).

When a post-LP headache occurs, various
methods have been employed to treat pain not
responsive to NSAIDs or opioids. Oral and IV
caffeine has been most widely studied in adults
and shown to reduce pain when compared to
placebo (Sechzer and Abel 1978; Camann et al.
1990). It is hypothesized that caffeine causes
relief by decreasing cerebrospinal pressure via
cerebrovascular  vasoconstriction  (Janssens
et al. 2003). Dosing of caffeine ranges from 300
to 500 mg in adult studies (Lee et al. 2007,
Basurto Ona et al. 2011). The effectiveness of

caffeine has not been reported in pediatrics, but
dosing has been suggested at 100 mg for chil-
dren aged 6-10 years and 200 mg for children
>10 years (McGhee et al. 2011). In studies with
small sample sizes, gabapentin and the combi-
nation of caffeine and ergotamine have been
shown to reduce pain measured on a visual ana-
log scale when compared with placebo (Dogan
2006; Erol 2011). Hydration, although men-
tioned in supportive care for post-LP headache,
has not demonstrated effectiveness when stud-
ied (Janssens et al. 2003; Lee et al. 2007). A
Cochrane review concluded that there is no evi-
dence that sumatriptans are effective (Basurto
Ona et al. 2011).

Severe post-LP headache refractory to medi-
cal management can be treated with an epidural
blood patch (EBP). The procedure involves
obtaining access to the epidural space in the area
of the previous LP. The patient’s peripheral
blood, obtained under sterile technique, is then
inserted into the epidural space. The purpose of
the procedure is to create pressure to seal the
dural tear and prevent further CSF leakage
(Turnbull and Shepherd 2003). Kokki and col-
leagues (2012) reviewed 41 cases of EBP proce-
dures in children and found that 90% had
immediate and complete pain relief, with 85 %
noting permanent relief. In pediatric oncology,
blood patches should be considered cautiously
given infectious risks for immunosuppressed
patients and the theoretical risk of introduction
of tumor cells into the CSF.

9.8.4 Mucositis Pain

Pathogenesis and management of mucositis is
discussed in Chap. 11. General pain practices
described here are necessary interventions for
patients experiencing oral mucositis.

9.9 Summary

The large majority of pediatric oncology patients
will suffer from pain at some point during their
treatment course secondary to the underlying
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malignancy; surgical procedures including tumor
resection, central venous catheter placement,
lumbar puncture and bone marrow aspirate/
biopsy; and as side effects from chemotherapy
including specific drug effects such as vincristine-
associated neuropathy and general effects such as
oral mucositis. Appropriate assessment of pain is
the vital first step in appropriate pain manage-
ment. Patients who are assessed as having pain
should be treated according to the WHO pain lad-
der with the appropriate analgesic chosen based
on the level of pain, expected course of pain, as
well as with consideration to the individual
patient’s pain history. Appropriate pain manage-
ment requires frequent reassessment to determine
if pain control is adequate and side effects are
tolerable. The pediatric oncology practitioner
must also be aware of the potential for develop-
ment of refractory pain or neuropathic pain not
well controlled with the use of opioids. In these
situations, an interdisciplinary team approach is
ideal, utilizing the expertise of a pain service (if
available) as well as alternative and complemen-
tary therapies to assist in treatment of the pain
experience. Generally, recommendations for pain
control are based on expert opinion and consen-
sus guidelines, as firm evidence is lacking in
pediatric patients.
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Abstract

Nausea and vomiting induced by antineoplastic
therapy can significantly affect quality of life
and continues to be a prevalent and distressing
treatment-related issue faced by children with
cancer and their families. Chemotherapy-
induced nausea and vomiting (CINV) can
result in metabolic derangements, nutritional
depletion and anorexia, esophageal tears, dete-
rioration of mental and performance status,
prolonged hospitalizations, and potential poor
compliance or withdrawal from anticancer
treatment. Despite advances in pharmacologic
and nonpharmacologic management of nausea
and vomiting, prevention of CINV remains a
particular issue in the pediatric population
where existing guidelines are constrained by
lack of robust evidence. Few studies have been
carried out in children, and results obtained in
adults cannot be directly applied to young chil-
dren since metabolism and side effects of drugs
differ. The pathophysiology of CINV, princi-
ples of antiemetic prophylaxis, emetogenicity
of chemotherapy, classes of antiemetic agents,
and current guidelines for prevention and treat-
ment of CINV in children are addressed in this
chapter. Specific attention is also given to non-
pharmacologic strategies and approaches to
anticipatory, breakthrough, and radiation-
induced nausea and vomiting. This chapter
provides health care providers with a summary
of evidence-based information with the goal of
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guiding optimal emetic control in pediatric
cancer patients.

10.1 Introduction

Chemotherapy-induced nausea and vomiting
(CINV) are two of the most prevalent and distress-
ing adverse effects reported among children before,
during, and after chemotherapy, with frequency
reports of 20-80 % noted in the literature (Rodgers
et al. 2012). CINV can significantly affect quality
of life, result in metabolic imbalances, malnutri-
tion, anorexia, decline of performance and mental
status, prolonged hospitalizations, and potential
discontinuation of subsequent chemotherapy cycles
(Laszlo 1983; Richardson et al. 1988; Mitchell
1992). This can result in suboptimal cancer therapy
and reduced survival. Additionally, chronic nausea
and vomiting can occur in advanced cancer patients
or patients receiving radiation therapy and may be
due to gastrointestinal (GI), cranial, metabolic and
drug induced-problems (Schwartzberg 2006). The
incidence and severity of nausea or vomiting in
patients receiving chemotherapy or radiation ther-
apy are affected by numerous factors, including
type, dose and schedule of chemotherapy, target of
radiation therapy (i.e., whole body, abdomen,
brain), and individual patient variability based on
age, gender, or prior chemotherapy (Herrstedt
2008). Compared to adult data, there are a paucity
of randomized clinical trials investigating newer
antiemetic agents in pediatric cancer patients.
Furthermore, recognition of symptom severity con-
tinues to be an issue as parents and health care pro-
viders tend to underestimate the occurrence of
delayed nausea and vomiting (Tyc et al. 1993;
Small et al. 2000). Recent evidence-based guide-
lines have been published to provide recommenda-
tions for antiemetic prophylaxis according to the
emetogenic potential of antineoplastic therapies in
pediatric patients (Basch et al. 2011; Dupuis et al.
2011; Jordan et al. 2011; Dupuis et al. 2013).
Progress in relieving the symptoms of CINV will
require further education of oncology physicians
and nurses, aggressive use of current medications,
and continued development of pharmacologic and
alternative therapies for children.

10.2 Chemotherapy-Induced
Nausea and Vomiting (CINV)

CINV is commonly classified as acute, delayed,

anticipatory, breakthrough and refractory.

Although there are no standard definitions, the

following are commonly used to classify the dif-

ferent types of CINV (Wickham 1999):

e Acute: Occurs within a few minutes to several
hours after drug administration and commonly
resolves within the first 24 h. The intensity of
acute CINV typically peaks after 4-6 h.

* Delayed: Arises >24 h after chemotherapy
administration. Delayed CINV commonly
occurs following cisplatin, carboplatin, cyclo-
phosphamide and anthracyclines. For cisplatin,
emesis reaches its maximal intensity 48—72 h
after administration, but can last for 1 week.

* Anticipatory: Usually develops in patients
who have previously experienced significant
CINV as a conditioned response (Morrow
1984). Symptoms occur prior to chemother-
apy administration and may be triggered by
stimuli such as the smells, sights and sounds
of the treatment room.

* Breakthrough: Breakthrough CINV results
despite prophylactic treatment and requires
“rescue” with additional antiemetic agents
(Roila et al. 2006).

* Refractory: Emesis that takes place in subse-
quent treatment cycles when antiemetic pro-
phylaxis and rescue have failed in prior cycles.

10.2.1 Pathophysiology of Emesis

The neurophysiologic mechanisms that control
nausea and vomiting are fairly well characterized.
Nausea is mediated through the autonomic ner-
vous system. Vomiting results from the stimulation
of a complex reflex that is coordinated by a puta-
tive true vomiting center, which may be located in
the dorsolateral reticular formation near the medul-
lary respiratory centers. The vomiting center
receives afferent input from four neuronal path-
ways that carry emetogenic signals: (1) the chemo-
receptor trigger zone (CTZ), (2) peripheral stimuli
from the gastrointestinal tract via vagus and
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splanchnic nerves, (3) cortical pathways in
response to sensory or psychogenic stimuli, and (4)
the vestibular-labyrinthine apparatus of the inner
ear in response to body motion (Carpenter 1990).

The CTZ, located in the area postrema in the
floor of the fourth ventricle, lacks a true blood-
brain barrier (Miller and Leslie 1994). This
allows the CTZ to sense fluctuations in the con-
centration of certain substances in the blood-
stream, including chemotherapy and its
metabolites. Several receptors have been identi-
fied in the CTZ including muscarinic, dopamine
D,, serotonin (5-HTj3), neurokinin-1 (NK;) and
histamine H, receptors (Dodds 1985). The CTZ
may also be stimulated by posterior fossa tumors.

The emetic center (EC), located in the nucleus
tractus solitarii of the brainstem, coordinates
afferent pathways from the GI tract via the vagus
and splanchnic nerves. Nausea may be elicited
through gut irritation from medications, tumor
infiltration, obstruction, distension or constipa-
tion. The EC also coordinates the efferent activi-
ties of the salivation center, abdominal muscles,
respiratory center and autonomic nerves that
result in vomiting (Miller and Leslie 1994). The
phenomenon of anticipatory emesis suggests that
inputs from the cerebral cortex may be involved.
CNS or meningeal tumors, increased intracranial
pressure, anxiety or uncontrolled pain can also
result in cortically induced nausea and vomiting.

Current findings indicate that acute emesis fol-
lowing chemotherapy is initiated by the release of
neurotransmitters from cells that are susceptible
to the presence of toxic substances in the blood or
CSF. The most critical and clinically relevant neu-
roreceptors involved are serotonin, dopamine and
substance P. The significant advancement in anti-
emetic therapy came in the early 1990s when
5-HT; receptor antagonists became available
(Jordan et al. 2007). Substance P, which binds to
the NK, receptor, is a newer target in antiemetic
therapy, and the NK; receptor antagonist aprepi-
tant has demonstrated clinical utility in the pediat-
ric population (Choi et al. 2010).

The exact mechanism by which chemotherapy
and its metabolites induce emetic effects is
unclear. Metabolites may directly stimulate the
CTZ and serotonin, and other neurotransmitters

may be released from intestinal enterochromaffin
cells damaged by chemotherapy. Sensory neurons
release substance P, and a number of NK, recep-
tors have been identified in both the CTZ and
EC. The relative contribution from these multiple
pathways culminating in CINV is complex and
likely accounts for the variable emetogenic pro-
file of agents. As there is no single common path-
way controlling emetic response, it is unlikely
that any single agent will be able to provide com-
plete antiemetic protection from chemotherapy.

10.2.2 Principles of Emesis Control
in the Cancer Patient

The most important principle in managing CINV
is the prevention of nausea and vomiting. The risk
of CINV in patients receiving moderate to high
emetogenic chemotherapy persists for at least
2-3 days after the final dose of chemotherapy,
and prophylactic therapy should be given during
the full period of risk (Grunberg et al. 2004).
Antiemetics should be given at the minimal effi-
cacious dose with consideration of their side
effect profiles as well as the patient’s prior history
with specific antiemetics. Consider the use of an
H, blocker or proton pump inhibitor to prevent
dyspepsia, which can mimic nausea. Finally, life-
style measures such as eating small, frequent and
healthy meals may help alleviate CINV.

10.2.3 Emetogenicity
of Chemotherapy

Although patient factors are important, the specific
chemotherapeutic agents used are most predictive
of CINV risk. Several classifications have been
developed to define the emetogenicity of chemo-
therapy; Hesketh et al. (1997) developed a widely
accepted classification system for adults that
divides chemotherapy into five levels of emetoge-
nicity based on the percentage of patients
experiencing CINV following administration of
each particular agent without any antiemetic
prophylaxis. This classification was recently
updated by Grunberg et al. (2010) and has been
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Table 10.1 Acute emetic potential of antineoplastic agents in pediatric cancer patients®

High risk (>90 % frequency of emesis in the absence of prophylaxis)

Altretamine

"Carboplatin

Carmustine >250 mg/m?
°Cisplatin
*Cyclophosphamide >1 g/m?

*Cytarabine 3 g/m?/dose
Dacarbazine
"Dactinomycin
Mechlorethamine
®Methotrexate >12 g/m?

Moderate risk (30-90 % frequency of emesis in absence of prophylaxis)

Aldesleukin >12-15 million TU/m?
Amifostin >300 mg/m?

Arsenic trioxide

Azacitidine

Bendamustine

Busulfan

*Carmustine <250 mg/m?
*Clofarabine

"Cyclophosphamide <1 g/m?

Cyclophosphamide (oral)

Cytarabine >200 mg to <3 g/m?
Daunorubicin

*Doxorubicin

Epirubicin

Etoposide (oral)

Idarubicin

Ifosfamide

Imatinib (oral)

“Intrathecal therapy (methotrexate,
hydrocortisone and cytarabine)

Irinotecan

Low risk (10-30 % frequency of emesis in the absence of prophylaxis)

Amifostine <300 mg/m?
Bexarotene

"Busulfan (oral)
Capecitabine
Cytarabine <200 mg/m?
Docetaxel

Doxorubicin (liposomal)
Etoposide

Fludarabine (oral)

5-Fluorouracil

Gemcitabine

Ixabepilone

Methotrexate >50 to <250 mg/m?
Mitomycin

Mitoxantrone

Nilotinib (oral)

Minimal risk (<10 % frequency of emesis in the absence of prophylaxis)

Alemtuzumab
Alpha interferon
Asparaginase (IM or IV)
Bevacizumab
Bleomycin
Bortezomib
Cetuximab
Chlorambucil (oral)
Cladribine
Dasatinib
Decitabine
Denileukin diftitox
Dexrazoxane

Adapted from Dupuis et al. (2011)

Erlotinib

Fludarabine

Gefitinib

Gemtuzumab ozogamicin
Hydroxyurea (oral)
Lapatinib

Lenalidomide

Melphalan (oral low dose)
Mercaptopurine (oral)
Methotrexate <50 mg/m?>
Nelarabine

Panitumumab

Pentostatin

2All agents given intravenously (IV) unless stated otherwise
bPediatric evidence available (per Dupuis et al. [2011])

Procarbazine (oral)
Streptozocin
"Thiotepa >300 mg/m?>

Lomustine

Melphalan >50 mg/m?*
Methotrexate >250 mg to <12 g/m?
Oxaliplatin >75 mg/m?
Temozolomide (oral)

Vinorelbine (oral)

Paclitaxel
Paclitaxel-albumin
Pemetrexed
Teniposide

Thiotepa >300 mg/m?
Vorinostat

Rituximab
Sorafenib
Sunitinib
Temsirolimus
Thalidomide
Thioguanine (oral)
Trastuzumab
Valrubicin
Vinblastine
Vincristine
Vinorelbine

incorporated into the National Comprehensive
Cancer Network (NCCN) antiemesis guidelines.
Similar to the current classification system in pedi-
atric patients, the updated guidelines divide intra-
venous chemotherapeutic agents into four
categories of emetogenic potential, focusing on
acute emesis: (1) high emetic risk, >90 % of

patients experiencing acute emesis; (2) moderate
emetic risk, 30-90 %; (3) low emetic risk, 10-30 %;
and (4) minimal emetic risk, <10 % (Table 10.1)
(Dupuis et al. 2010; Grunberg et al. 2010).

Recent data suggest that the frequency and sever-
ity of delayed CINV are often underestimated and
remain a significant problem for patients (Dupuis
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et al. 2010). In order to properly manage both acute
and delayed symptoms, appropriate antiemetic pro-
phylaxis should cover the entire duration of days
that symptoms are anticipated. Furthermore, for
multi-agent chemotherapy regimens, antiemetic
choices should be determined based on the chemo-
therapeutic agent with the highest emetogenic risk.

10.2.4 Classes of Antiemetics

The basis for antiemetic therapy is the neurochemi-
cal control of vomiting. Many antiemetics act by
competitively blocking receptors for these sub-
stances, thereby inhibiting stimulation of periph-
eral nerves at the CTZ and possibly the EC. Most
drugs with proven antiemetic activity in children
are categorized into five groups which are dis-
cussed individually below: (1) dopamine receptor
antagonists, (2) corticosteroids, (3) 5-HT; receptor
antagonists, (4) neurokinin-1 receptor (substance P)
antagonists, and (5) cannabinoids. Antihistamines
such as diphenhydramine which affect histaminer-
gic receptors in the CTZ are widely utilized but have
not been systematically studied. Similarly, anticho-
linergics, especially scopolamine, are utilized but
have not been studied specifically in CINV.

10.2.4.1 Dopamine Receptor
Antagonists

There are three classes of dopamine receptor
antagonists effective in the prevention and treat-
ment of CINV: phenothiazines, butyrophenones
and benzamide. The most commonly used pheno-
thiazine is prochlorperazine and has efficacy in all
classes except in highly emetogenic chemotherapy
(Moertel et al. 1963). A newer agent, metopima-
zine has been utilized with benefit in adult patients
but has not been studied in children (Croom and
Keating 2006; Dupuisetal.2013). Butyrophenones,
such as the antipsychotic drug haloperidol, are
infrequently used in the pediatric setting second-
ary to their side effect profile. Of the benzamides,
metoclopramide is the best studied and most
widely used in children with CINV (Roila et al.
2006). Metoclopramide blocks central and periph-
eral D, dopaminergic receptors at low doses and
exhibits weak 5-HTj; inhibition at high doses. It is
also known to speed gastric emptying and increase
sphincter tone at the gastroesophageal junction.

Prior to the introduction of 5-HT; antagonists, a
combination of high-dose metoclopramide and
dexamethasone was the most effective prophylaxis
for highly emetogenic chemotherapy (Moertel
et al. 1963). Extrapyramidal effects including dys-
tonia, tardive dyskinesia, and neuroleptic malig-
nant syndrome (uncommon) may be seen with
benzamides and thus they are not typically first-
line agents (Terrin et al. 1984; Allen et al. 1985). If
given for breakthrough CINV, high-dose metoclo-
pramide at a dose of 1 mg/kg q4-6 h is typically
administered in conjunction with diphenhy-
dramine to decrease the risk of extrapyramidal
symptoms (Marshall et al. 1989; Koseoglu et al.
1998). Pediatric guidelines recommend an initial
metoclopramide dose of 1 mg/kg followed by
0.075 mg/kg PO g6 h for moderately emetogenic
chemotherapy as a strong recommendation with
minimal evidence (Dupuis et al. 2013).

10.2.4.2 Corticosteroids

Steroids, most commonly dexamethasone, are
effective in preventing CINV when used alone or
in combination with other antiemetic agents for
all emetogenic classes of chemotherapy. The anti-
emetic mechanism of action is not fully under-
stood, but they may inhibit prostaglandin synthesis
in the brain (Weidenfeld et al. 1987). Clinically,
steroids quantitatively decrease or eliminate epi-
sodes of CINV and may improve mood, though
can also induce anxiety and insomnia.

Steroids should be given before chemother-
apy for acute CINV and may or may not be
repeated. Both dexamethasone and methylpred-
nisolone have good efficacy in the prevention of
acute CINV in children and are superior to low-
dose metoclopramide and phenothiazines with
few side effects with short-term use (Mehta et al.
1986). Dosages and administration schedules
vary. Dexamethasone is also used orally for
delayed CINV. Long-term corticosteroid use is
inappropriate and may cause substantial morbid-
ity. As previously shown with metoclopramide,
numerous studies have demonstrated that dexa-
methasone potentiates the antiemetic properties
of 5-HT;-blocking agents and NK;-blocking
agents (Hesketh 1994; Hesketh et al. 2003; Gore
et al. 2009; Choi et al. 2010). The combination
of dexamethasone and ondansetron has been
most studied and is recommended for first-line
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therapy in children receiving moderately or
highly emetogenic chemotherapy; the combina-
tion of a 5-HT; antagonist with dexamethasone
has been shown to be more efficacious than a
5-HT; antagonist alone (Dupuis et al. 2013).
In one study, the “complete protection” rates
increased from 43 % with ondansetron alone
to 75 % with the combination of ondansetron
and dexamethasone when given prior to high-
dose cytarabine (Holdsworth et al. 2006).
Dexamethasone may be particularly useful in
patients who have demonstrated intolerance to
other antiemetics given with high-dose chemo-
therapy or in patients with breakthrough,
refractory or delayed CINV (Alvarez et al. 1995;
Holdsworth et al. 2006).

Special considerations must be made prior to
choosing corticosteroids for antiemetic therapy.
Steroids cannot be given for CINV if the patient
receives steroids as part of their chemotherapeu-
tic regimen, as in leukemia or lymphoma. They
are also typically avoided in patients with CNS
malignancies, as dexamethasone has been shown
to inhibit the influx of chemotherapy into the
brain in preclinical models by “sealing” the
blood-brain barrier (Straathof et al. 1998).
Attention to protocol guidelines should be made
prior to dexamethasone initiation particularly in
hematologic and CNS malignancies but also
potentially in protocols that utilize immunologic
and biologic therapies.

Dexamethasone dosing for CINV is not well-
studied. The most current pediatric CINV
guidelines developed by the Pediatric Oncology
Group of Ontario (POGO) suggest that dexa-
methasone should be dosed at 6 mg/m? IV/PO
g6 h for highly emetogenic chemotherapy
(Dupuis et al. 2013). For moderately emeto-
genic chemotherapy, dexamethasone can be
dosed at 2 mg IV/PO q12 h for patients <0.6 m?
and 4 mg q12 h for patients >0.6 m?2 If given
concurrently with aprepitant, guidelines suggest
reducing dexamethasone doses by half (Dupuis
et al. 2013).

10.2.4.3 5-HT; Receptor Antagonists
Four serotonin receptor antagonists—ondanse-
tron, granisetron, dolasetron and palonosetron—

are available in the United States. Tropisetron is
only available internationally and has not yet been
approved by the Federal Drug Administration
(FDA). When first approved in the early 1990s,
these agents revolutionized the antiemetic prophy-
laxis of highly and moderately emetogenic che-
motherapy, largely replacing phenothiazines and
benzamides as first-line therapy due to superior
efficacy and significantly fewer side effects
(Grunberg et al. 2010). 5-HTj; receptor antagonists
are thought to prevent CINV by inhibiting sero-
tonin, which is released from enterochromaffin
cells in the gastrointestinal mucosa, from initiating
afferent transmission to the CNS via vagal and spi-
nal sympathetic nerves (Jordan et al. 2007). They
may also work by blocking serotonin stimulation
at the CTZ and other CNS structures. Prior to
2003, there were three FDA-approved 5-HT;
receptor antagonists: ondansetron, granisetron and
dolasetron. Numerous clinical trials demonstrated
their clinical equivalence and showed there was no
significant difference whether given orally or
intravenously (Corapcioglu and Sarper 2005;
Dupuis et al. 2013).

Ondansetron

Ondansetron is highly effective in controlling
acute emesis induced by moderately and highly
emetogenic chemotherapy in pediatric oncology
patients (Carden et al. 1990; Hewitt et al. 1993).
Used alone, ondansetron is superior to combina-
tion therapy with metoclopramide and dexameth-
asone or chlorpromazine and dexamethasone and
is free of extrapyramidal and sedative side effects
(Dick et al. 1995; Jimenez et al. 1997; Koseoglu
et al. 1998). Ondansetron used in combination
with corticosteroids has been shown superior to
ondansetron monotherapy in control of CINV
with highly emetogenic chemotherapy in pediat-
ric cancer patients (Alvarez et al. 1995; Roila
et al. 1998). Alvarez et al. (1995) conducted a
small but significant double-blind, placebo-
controlled, randomized crossover trial comparing
ondansetron and dexamethasone to ondansetron
and placebo in 25 children 3-8 years of age
receiving highly emetogenic chemotherapy for
solid tumors. Complete emetic control was
achieved in 61 % receiving both ondansetron and
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dexamethasone versus 23 % in those treated with
ondansetron alone (p=0.04).

The lowest fully effective dose of ondanse-
tron is 0.45 mg/kg/day, with a single daily dose
schedule no less efficacious than a multiply
divided dose schedule (Sandoval et al. 1999).
Oral and intravenous (IV) drug administration
has also been found statistically equivalent
(White et al. 2000). White et al. (2000) con-
ducted a double-blind, parallel-group, multi-
center study comparing the efficacy and safety of
IV and liquid ondansetron (both arms with oral
dexamethasone) in the prevention of CINV in
pediatric patients receiving moderately to highly
emetogenic chemotherapy. Complete control of
emesis was achieved in 89 % of patients in the
IV group and 88 % of patients in the oral syrup
group during the worst day of chemotherapy
treatment and was well tolerated in both arms
(White et al. 2000). For highly emetogenic che-
motherapy, the recommended dose of ondanse-
tron is 0.15 mg/kg 30 min prior to initiation of
chemotherapy and repeated g8 h, although other
regimens (such as 0.45 mg/kg as a single daily
dose) have been shown equally effective (Dupuis
et al. 2013). When giving multiple-daily dosing,
ondansetron can potentially be spaced to q12 h
for moderately emetogenic chemotherapy
(Dupuis et al. 2013). A single-center retrospec-
tive chart review has reported ondansetron-load-
ing doses of 16 mg/m? (maximum, 24 mg) IV,
followed by two doses of 5 mg/m? g8 h, to be
safe in infants, children and adolescents (Hasler
et al. 2008).

Currently, the oral and injectable ondansetron
formulations are approved for use without dosage
modification in patients >4 years, including
patients with renal insufficiency. Ondansetron
clearance is diminished in patients with severe
hepatic insufficiency; therefore, such patients
should receive a single injectable or oral dose
<8 mg. The major adverse effects include: head-
ache, constipation or diarrhea, fatigue, dry mouth
and electrocardiographic (ECG) abnormalities
including QTc prolongation (Culy et al. 2001).
Buyukavci et al. (2005) monitored ECGs in 22
children with acute lymphoblastic leukemia ran-
domized to receive a single dose of either ondan-

setron (0.1 mg/kg) or granisetron (40 mcg/kg).
The granisetron group demonstrated a significant
decrease in mean heart rate at 