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 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 benefi cial. 

 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 signifi cantly 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 
signifi cant 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 fi eld 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  

  Febrile neutropenia (FN) is a common, poten-
tially life-threatening complication in pediatric 
oncology patients due to defi ciencies 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 stratifi cation, appropriate 
diagnostic evaluations, applicable empiric ther-
apies as well as proper location, timing, and 
duration of such therapies. 
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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 defi ned 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-
nifi cant neutropenia in the context of FN is an 
absolute neutrophil count (ANC) <0.5 × 10 9 /L or 
ANC <1.0 × 10 9 /L that is expected to decrease to 
<0.5 × 10 9 /L over the subsequent 48 h. Profound 
neutropenia is defi ned as ANC ≤0.1 × 10 9 /L, 
while prolonged neutropenia is defi ned 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 
specifi c 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 identifi ed 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 signifi cant 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 stratifi cation, 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 
stratifi cation 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 signifi cantly 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 infl am-
matory response associated with neutropenia. 
One must inquire about the presence of rig-
ors or chills with central line fl ushing, recent 
therapy (potential for prolonged neutrope-
nia), current medications (including antibiotic 

B.E. Gonzalez et al.
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   Table 1.1    Graded recommendations for management of pediatric febrile neutropenia   

 Clinical scenario  Recommendation  Level of evidence a  

 Risk stratifi cation  Must be individualized at local institutions due to lack 
of evidence to support the needs of each individual 
treatment area 

 2C 

 Baseline laboratory 
recommendations 

 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 

 1B 

 Utilization of DTP 
at FN presentation 

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

 2C 

 Baseline imaging  Not recommended except CXR if with respiratory symptoms  1B 
 Antibiotic management 
at FN presentation in the 
clinically stable patient 

 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 fi ndings 
as sepsis, severe mucositis, skin infection, pneumonia or recent 
high-dose cytarabine administration 

 1A 

 Location of FN 
management 

 All patients should initially be managed as inpatients; 
if early discharge is considered, a multidisciplinary approach 
to determine appropriate risk stratifi cation and outpatient 
therapy is required with IRB approval of such a prospective 
study to ensure safety and effi cacy; patients identifi ed as low risk 
may be discharged after 48 h per protocol if stable and without 
microbiologic-documented infection 

 1B 

 Management of low-risk 
patients 

 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 

 1B 

 Management of high-risk 
patients 

 Antibiotic therapy should be continued until resolution of FN 
episode 

 1A 

 FN ≥5 days  Empiric CT of the chest ± sinuses can be considered to rule out 
occult fungal infection; serial galactomannan can be considered 

 1C 

 FN ≥5 days in high-risk 
patients 

 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 

 1C 

   CBC  complete blood count,  CMP  complete metabolic panel,  CVC  central venous catheter,  DTP  differential time to 
positivity,  FN  febrile neutropenia,  CXR  chest radiography,  IRB  institutional review board,  CT  computed tomography, 
 IFI  invasive fungal infection 
  a Per 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-

cifi c 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 fi ndings   

 Organ system  Physical fi ndings  Diagnostic evaluation based upon physical fi nding(s) 

 Head, ears, nose, 
and throat 

 Mucositis 
 Thrush 
 Oral lesions 
 Pre-septal/orbital cellulitis 
 Facial pain 
 Rhinorrhea 
 Otorrhea 

 HSV, 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 

 Respiratory  Cough/respiratory distress 
 Hypoxemia 
 Chest radiograph infi ltrates 

 CT chest 
  Legionella  urine antigen 
 PCP evaluation: BAL, (1,3)-β-d-glucan, LDH 
 Sputum culture if able to perform 
  Aspergillus  galactomannan, (1,3)-β-d-glucan 
  Histoplasma  urine and serum antigen 

 Vascular access 
sites 

 Exit site/tunnel erythema or discharge  Blood culture from all ports (consider bacteria, fungus, 
mycobacteria) 
 Gram stain and culture (bacteria, fungal) exit site 
discharge 

 Gastrointestinal  Diarrhea 
 Perirectal pain 
 Abdominal pain 

  C. diffi cile  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 

 Skin  Rash 
 Cellulitis 

 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) 

 Musculoskeletal  Arthritis 
 Limp/point tenderness 
 Lower back pain 

 Arthrocentesis: fl uid 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) 

 Central nervous 
system 

 Change in mental status 
 Headache 

 CT/MRI brain (consider MRA/V) 
 Lumbar puncture: cell count, bacterial and fungal stain 
and culture, viral PCR (consider CMV, EBV, 
 Enterovirus , HHV-6, HSV, VZV) 

   HSV  herpes simplex virus,  VZV  varicella zoster virus,  DFA  direct fl uorescence 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, 
 HHV-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 fi nd-
ings will direct laboratory and ancillary evalua-
tions and infl uence the choice of antimicrobial 
therapy.
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1.3        Defi ning the Risk for Serious 
Infection 

 Risk stratifi cation 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 intensifi cation 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 insuffi ciency 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 ), Härtel 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 stratifi cation for high-
risk patients has been identifi ed (Härtel et al. 
 2007 ; te Poele et al.  2009 ; Phillips et al.  2010 ; 

Lehrnbecher et al.  2012 ). With the lack of sig-
nifi cant randomized prospective data, Härtel 
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 stratifi cation systems with careful 
prospective and continuous evaluation to ensure 
safety and effi cacy. 

 In particular risk stratifi cation schemata, 
initial laboratory values such as platelet count 
<50 × 10 9 /L and C-reactive protein (CRP) 
≥90 mg/L have been noted to increase risk, 
while absolute monocytosis ≥0.1–0.155 × 10 9 /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 defi ne 
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 fi ndings 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 infl u-
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     Radiographic Imaging 

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 benefi cial 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 ). Specifi cally, for 
52 children with 68 episodes of FN for whom 
CT (sinuses, chest, abdomen and pelvis) was 
performed at day fi ve of fever, minimal changes 
in clinical management occurred based upon 
results from imaging. The authors conclude 
that patients with prolonged FN (defi ned 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 fi ndings 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 fi ndings of common molds in children 
may differ from those in adults. For example, 
pulmonary nodules are common fi ndings 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 specifi c 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. MRI 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 
confi rmed by PET/CT; in addition, PET/CT iden-
tifi ed 9 more sites of infection (8 of which were 
subsequently confi rmed 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 fi rst-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 identifi cation of infection in FN, especially 
IFI, critically affects patient survival. Biomarkers 
for IFI have proven useful in the adult population 
as adjuncts to clinical fi ndings and imaging. 
Limited pediatric data suggest these biomarkers 
may also be used in children with similar sensi-
tivities and specifi cities as defi ned 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) fl uid 
(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 specifi city 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 fi ndings. 
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 ).  

1 Febrile Neutropenia



8

1.4.3.2     (1,3)-β-D-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 fl uid confi r-
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 defi ne 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 fi rm recommendations.   

1.4.4     Viral Studies 

 Viral infections may cause prolonged fevers in 
neutropenic patients. Seasonal viral infections 
such as infl uenza 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 fl uid, stool) is commercially 
available and enables faster identifi cation of viral 
etiologies at higher sensitivity and specifi city 
compared to viral culture. In addition, direct 
fl uorescent antibody (DFA) testing of cutaneous 
lesions may expedite diagnosis of herpetic skin 
infections (i.e., HSV, varicella).  

1.4.5     Invasive Procedures: 
Bronchoalveolar Lavage 
(BAL) and Tissue Biopsy 

 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 confi rmation. 
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 fi rst 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-
cifi c 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 specifi c 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. 

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

 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 evi dence (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 ). Defi ning such PD/PK dif-
ferences are critical, particularly in the cancer 
patient as cancer therapy can affect antimicrobial 
effi cacy, promoting pathogen resistance 
(Theuretzbacher  2012 ). Whether such differences 
signifi cantly 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 signifi cant 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 defi ned 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 effi cacy 
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 effi cacy. 
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 specifi cally 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 effi cacy 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 profi le, 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 specifi c antimicrobial 
therapies. 

1.5.2.1     Monotherapy Versus 
Combination Therapy 

 Pizzo et al. ( 1986 ) fi rst 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 signifi cantly 
decreased risk of adverse events,  specifi cally 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 ). 
Specifi cally for pediatric oncology patients, 
Manji et al. ( 2012b ) conducted a meta-analysis 
and found no signifi cant 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 signifi cantly 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 specifi c clinical indications 
including patient instability, concern for resistant 
pathogens (e.g., extended spectrum β-lactamase 
[ESBL]-producing  Serratia ,  Pseudomonas , 
 Acinetobacter ,  Citrobacter ,  Enterobacter  and 
 Klebsiella  spp.), and need for synergism to 
treat specifi c 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 effi cacy 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 signifi cantly higher all-cause mortality 
which had been previously reported (Yahav 
et al.  2007 ). The Cochrane meta-analysis 
reported a nonsignifi cant higher rate of bacterial 
superinfection with cefepime which has been a 
reported concern due to its limited anaerobic 
profi le and poor coverage for skin infections 
(Yahav et al.  2007 ; Paul et al.  2010 ; Kalil  2011 ). 
A follow-up meta-analysis did not fi nd a statisti-
cally signifi cant 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 fi rst-line 
choice for monotherapy due to reduced Gram-
positive coverage as well as induction of 
β-lactamase production leading to subsequent 
emergence of resistant pathogens and inferior 
clinical outcomes in pediatric patients (Mebis 
et al.  1998 ; Ariffi n 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 diffi cile -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 diffi cile -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 signifi cant 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 stratifi cation 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 × 10 9 /L) but only 
after defervescence (Mullen and Buchanan 
 1990 ; Aquino et al.  1997 ; Wacker et al.  1997 ). 
Meta-analyses of effi cacy and safety from adult 
and pediatric studies found no signifi cant dif-
ference in treatment failure in the inpatient ver-
sus outpatient setting and no signifi cant 
difference in the effi cacy 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 diffi cult. 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 
specifi cally 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 
signifi cant difference between oral and paren-
teral regimens and no outpatient infection-
related mortality. None of the trials were 
randomized controlled trials specifi cally 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, cefi xime, fl uo-
roquinolones (ciprofl oxacin, gatifl oxacin) and 
combination therapy (ciprofl oxacin 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 ). Ciprofl oxacin 
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 

 effi cacy 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 >0.1 × 10 9 /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 suffi cient 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 
defi ning 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 effi cacy 
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 benefi t in 
decreasing all-cause mortality (Gøtzsche and 
Johansen  2002 ; Goldberg et al.  2008 ). Similarly, 
one small prospective pediatric study showed no 
benefi t 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 Gøtzsche  2000 ; Jørgensen 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 (Jørgensen 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 
effi cacy 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 effi cacy 
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 insuffi cient 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 effi cacy of empiric 
antifungal prophylaxis in the prevention of IFI, 
the IDSA guide lines 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 >0.5 × 10 9 /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 stratifi ca-
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 ≥0.1 × 10 9 /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-
fi cation system. In high-risk patients, empiric 
antifungal therapy is usually discontinued once 
fever has resolved for ≥48 h with an ANC 
>0.5 × 10 9 /L. If the patient remains afebrile and 
clinically stable, antibiotic therapies are discon-
tinued. Although defi nitive 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 specifi c 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 × 10 9 /L), although there 
is little evidence to support the effi cacy 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 signifi cant drug 
interactions and potential side effects with ques-
tionable benefi t (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 diffi cult to 
eradicate, particularly due to adhesive biofi lm 
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 benefi t 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, pre valence 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 signifi cant 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 suffi cient 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 Algorithma

•  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)

•  Contact oncology service after assessment
ANTIBIOTICS GIVEN WITHIN 1 HOUR OF ARRIVAL TO EMERGENCY ROOM

* Signs and Symptoms (S/Sx) Sepsis
• Chills
• Age-specific vital signs:

• Assess risk‡

• Observe 1h post-ceftriaxone
• Discharge if clinically well
• Return to clinic next day if
 remains febrile, sooner if new
 symptoms

Low Risk

Admit on monotherapy:
• Piperacillin/tazobactam (Zosyn)

Definition of fever:
• HSCT patient: Any oral T ≥ 38°C
• Oncology patient:
-- Single oral T ≥ 38.3°C (101°F)
-- Oral T ≥ 38°C (100.4°F) for ≥ 1h

Age Heart Rate Systolic BP
1 wk – 1 m >180 or <100 <80
1 m – 1 y >180 or <90 <75
1 y – 5 y >140 <75 No Yes

Yes

5 y – 12 y >130 <80
12 y – 18 y >110 <90

S/Sx Sepsis *∇

ANC < 0.5 x 109/L

Admit
Assess Risk‡

No

High Risk

Admit on combination therapy:
• Piperacillin/tazobactam

Admit on combination therapy:
• Piperacillin/tazobactam
• Tobramycin
• Vancomycin
Consider infectious disease consult

• Cefepime + Metronidazole OR
• Meropenem

• Meropenem

• Fluoroquinolone

• Linezolid

• Daptomycin (if no pulmonary
   infection) OR

Cephalosporin allergy:

β-lactam allergy:

Vancomycin allergy:

Penicillin allergy:
Antimicrobial allergies:

• Tobramycin
Add vancomycin if meets criteria†

• Signs/symptoms of sepsis
• ANC < 0.1 x 109/L
• Focal infection (e.g. mucositis, abdominal
  pain, perianal tenderness)
• Patient receiving therapeutic dexamethasone or
  prednisone
• Infant ALL, ALL (Induction, Delayed Intensification), AML
• HSCT patient < 100 days from transplant

Patient is considered High Risk if ANY
  of the following is present:

‡Risk assessment criteria
• Skin  infection/cellulitis
• CVAD site infection
• Mucositis
• AML or recent high-dose cytarabine administration
• Isolation of vancomycin-sensitive organism
• Previous MRSA or Streptococcus viridans
• Note: Discontinue vancomycin after 72 h if
  none of the above

†Vancomycin criteria

• If patient receiving systemic steroids ≥ 7 days
• If presentation within 4 weeks of ALL induction

—Consider stress-dose steroids

  Fig. 1.1    Emergency room algorithm for fever and neutropenia in pediatric oncology patients 
  a see text for full detail as other treatment algorithms are equally justifi able 
  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 Algorithma

Identified
Pathogen‡

Meets
Discharge
Criteria†

Persistent
Fever for

72h

Admission

On-going reassessment

No

No

No

Yes

• Discharge with scheduled follow-up
• Consider home antibiotics for
  patients with ANC < 0.5 x 109/L

‡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): β-lactamase (+)
• Enterococcus: ampicillin or vancomycin + aminoglycoside
• Fungus (particularly CNS)
• Streptococcus viridans: vancomycin + empiric antibiotics
• Listeria or Group B Streptococcus: ampicillin +
 aminoglycoside
• Clinical deterioration: shock†Discharge 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 109/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

• Tailor antibiotics appropriately
• Consider infectious disease consult
 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 109/L
 and rising; then consider home antibiotics
 for duration of therapy
• Note: drug interactions with cyclosporine
 (CSA), tacrolimus (FK506)

Yes

• Continue antibiotics until ANC > 0.2 x 109/L
• Reassess daily untill meets discharge
  criteria

• 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 ≥4 days and ANC < 0.5 x 109/L
• Consider checking relevant antibiotic drug
 levels if pathogen isolated

Yes

  Fig. 1.2    Inpatient algorithm for fever and neutropenia in pediatric oncology patients 
  a see text for full detail as other treatment algorithms are equally justifi able 
  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 Algorithma

* Signs and Symptoms of Sepsis
• Chills
• Age specific vital signs:
Age Heart Rate Systolic BP
1 wk – 1 m >180 or <100 <80
1 m – 1 y >180 or <90 <75
1 y – 5 y >140 <75
5 y – 12 y >130 <80
12 y – 18 y >110 <90

S/Sx Sepsis *

Consider Diagnostic

Workup# and

Antifungal Therapy‡

ANC < 0.5 x 109/L

Identified
Pathogen

• Consult infectious disease
• Assess risk†

Persistent fever ≥4 days

No Yes

No Yes

Yes No

• Consider antifungal therapy‡

• Signs/symptoms of sepsis with neutropenic fever

• Prolonged fever and ANC <0.1 x 109/L
• Mucositis
• Steroid or high-dose cytarabine therapy
• ALL (Induction, DI), AML, severe aplastic anemia
• Allogeneic HSCT patient < 100 days from transplant

• Consult infectious disease
• Assess risk†

 --Start antifungal therapy if IFI risk factors
• Consider diagnostic work-up#:
 --CT sinus and chest
 --CT abdomen/pelvis (if focal exam)
 --Ophthalmology exam
 --Urine fungal screen
 --Serum β-glucan & galactomannan
 --Echocardiogram
 --Biopsy notable lesions, if possible
 --BAL galactomannan

Discontinue fluconazole prophylaxis

• Prolonged use of total parenteral nutrition/lipids
• Prolonged use of broad-spectrum antibiotics
• Previous IFI history
• Active GVHD/prolonged immunosuppressive therapy

Patient is considered High Risk if any of the following:

†Risk factors for invasive fungal infection (IFI):

• Consult infectious disease
• Consider voriconazole levels if Aspergillus spp.

• Consider surgery and removal of foreign bodies
• Consider combination antifungal therapy

• Consider cytokine therapy therapy (G/GM-CSF)
• Consider granulocyte infusions
• Note: drug interactions with CSA, FK506

‡Pre-emptive and/or targeted antifungal therapy:
• If positive galactomannan and/or high suspicion for
   Aspergillus spp., start voriconazole
• Consider infectious disease consult

• Note: drug interactions with CSA, FK506
• Note: ambisome empiric dosing versus treatment dosing

‡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)

• Note: drug interactions with CSA, FK506

• 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

‡Choices for empiric antifungal therapy:

  Fig. 1.3    Antifungal algorithm for fever and neutropenia in pediatric oncology patients 
  a see text for full detail as other treatment algorithms are equally justifi able 
  ANC  absolute neutrophil count,  ALL  acute lymphoblastic leukemia,  DI  delayed intensifi cation,  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 benefi ts of transfusion as well as the 
appropriate transfusion practices in immuno-
compromised patients. Here we review the 
evidence regarding transfusion management 
practices in pedia tric 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 benefi ts 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 defi ciency 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-
cifi c 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 infi ltration 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-
cifi cally 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, fl ow 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. 

2.2.1     Red Blood Cell Transfusion 
Guidelines 

 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, rhEPO) remains controversial and is 
discussed in Chap.   15    ; specifi c 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 rhEPO. The potential risk-benefi t 
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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 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 fi ndings, 
symptoms and patient preference; usually close 
monitoring is suffi cient. 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-
cifi c transfusion thresholds for each of these 
clinical situations and therefore provider and 

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 specifi cally 
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 >100 × 10 9 /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, 
benefi ts and treatment alternatives to transfusion 
therapy. PRBCs are often stored in adsol (ade-
nine saline, AS) secondary to a longer storage 

    Table 2.1    Red blood cell transfusion guidelines and level of evidence   

 Clinical status  Description 
 Hemoglobin level 
for transfusion (g/dL)  Level of evidence a  

 Stable  Asymptomatic, imminent marrow 
recovery 

 <7  1C 

 Vital sign changes  Tachycardia, tachypnea, hypotension  <8  1C 
 Thrombocytopenia  Recent or active hemorrhage  8–10  1C 
 Procedure  Potential blood loss  8–10  1C 

 Anesthesia requirement  <7  1C 
 Oxygen requirement  Pulmonary or cardiac comorbidities  8–10  1C 
 Fatigue  Decreased quality of life, especially in 

adolescents 
 8–10  1B 

 Chronic anemia, infancy  Impact on growth or development  8–10  1C 
 Radiation therapy  Radiosensitizer  See text  2C 

  With permission from Agrawal et al. ( 2011 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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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 signifi cantly reduce febrile 
nonhemolytic transfusion reactions (FNHTRs) as 
well as infection with viral, bacterial, and proto-
zoal pathogens, and specifi cally 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; specifi cally 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 ; Rühl 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 <20 × 10 9 /L (Belt et al.  1978 ; 
Rintels et al.  1994 ). Petechiae, spontaneous 
hemorrhage and mucosal bleeding are common 
with platelet count <20 × 10 9 /L while the risk 
for severe spontaneous or life-threatening 
hemorrhage is rare (Slichter and Harker  1978 ; 
Consensus Conference  1987 ; Gmür 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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radiation therapy or infection. Thrombocytopenia 
at diagnosis in leukemia patients can be secon-
dary to marrow infi ltration 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 benefi ts of plate-
let transfusion must be considered in each indi-
vidual case prior to the decision to transfuse. 

2.3.1     Platelet Transfusion 
Guidelines 

 Platelet transfusion guidelines generally recom-
mend prophylactic transfusion at threshold levels 
depending on the underlying risks of bleeding 
(Table  2.2 ). Although no specifi c 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 10 × 10 9 /L in clinically stable 
patients (Gmür 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, 

   Table 2.2    Platelet transfusion guidelines and level of evidence   

 Clinical scenario  Description 
 Platelet count for 
transfusion (×10 9 /L)  Level of evidence a  

 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, 
bronchoscopy with lavage, sinus aspiration, 
endoscopy with biopsy 

 <50  1C 

 Major surgery: CNS or solid tumor 
resection or biopsy 

 <100  1C 

 Signs/symptoms 
or underlying diagnosis 

 Minor bleeding: epistaxis, mild mucosal 
bleeding 

 <20  1C 

 Major bleeding: hemoptysis, hemorrhagic 
cystitis, GI, CNS, tumor necrosis 

 <100  1C 

 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,  GI  gastrointestinal,  APL  acute promyelocytic leukemia,  DIC  
disseminated intravascular coagulation 
 With permission from Agrawal et al. ( 2011 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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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 defi nitive evidence is lacking, con-
sensus panels have concluded that platelets 
>50 × 10 9 /L and >20 × 10 9 /L are suffi cient 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 >10 × 10 9 /L 
was suffi cient for lumbar puncture (LP) although 
only 3.8 % of patients had platelet count 
<20 × 10 9 /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 <50 × 10 9 /L, lack 
of general anesthesia, platelet count <100 × 10 9 /L, 
interval of <15 days between LPs and a less expe-
rienced practitioner were all signifi cant (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/μL) 
and bloody (10.4 %; ≥500 RBC/μL) LPs (Howard 
et al.  2002 ). Based on this ana lysis the authors 
conclude that a platelet count >100 × 10 9 /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 signifi cance of traumatic LP and theo-
retical potential of introduction of leukemic 
blasts into the cerebrospinal fl uid are controver-
sial although multiple studies have shown it to be 
a risk factor for poor outcome (Gajjar et al.  2000 ; 
Bürger 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–
50 × 10 9 /L are safe (Stellato et al.  1985 ; Coit 
and Turnbull  1988 ; Lowell and Bothe  1991 ; 
Barrera et al.  1996 ; Doerfl er 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 ≥5.5 × 10 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., ≥3 × 10 11  platelets). 
Transfusion with apheresis platelets minimizes 
exposure to multiple blood donors although 
whether this decreases the risk of alloimmuniza-
tion and therefore is of benefi t 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 fi ltered. 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 signifi cantly 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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50–100 × 10 9 /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 defi ned as an insuffi cient platelet increment 
after transfusion on at least two occasions and is 
the most signifi cant 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 CMV-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 fi ght 
serious infection in the severely neutropenic 
patient without imminent count recovery. 
Although theoretically promising and potentially 
shown benefi cial in small observational studies, 
consistent data are lacking and some meta- 
analyses have failed to show a signifi cant benefi t 

(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 >1.0 × 10 9  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 ).  

2.5     Risks of Blood Product 
Therapy and Their 
Management 

    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 defi ned 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 fi xation, 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 
fl uid 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 CMV-
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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 signifi cantly 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 

   Table 2.3    Management guidelines for transfusion reactions and level of evidence   

 Type  Clinical features 
 Lab/imaging 
fi ndings  Management 

 Level of 
evidence a  

 Acute hemolytic 
transfusion reaction 
(AHTR) 

 Immediate onset; fever, 
anxiety, hypotension, 
DIC, renal failure 

 ↑Indirect bilirubin 
Hematuria 

 Stop transfusion  1C 

 ↑LDH/AST  ICU support 
 ↓Haptoglobin  Fluid resuscitation 
 ↑Plasma-free hgb  Vasopressor support 
 +DAT  FFP, platelets for DIC 

 Avoid PRBC transfusion 
 Diuretics to maintain urine 
output once BP stabilized 

 Febrile nonhemolytic 
transfusion reaction 
(FNHTR) 

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

 None  Stop transfusion  1C 
 Rule out AHTR and bacterial 
contamination/sepsis 
 Antipyretics 
 Restart transfusion if serious 
adverse reactions ruled out 

 Allergic transfusion 
reaction 

 Immediate for severe 
reaction with anaphylaxis 
(i.e., bronchospasm, 
hypotension); during 
or following transfusion 
for mild reaction 
(i.e., urticaria, pruritus) 

 None  Stop transfusion  1C 
 Severe reaction: epinephrine, 
diphenhydramine, H2 
blocker, consider steroid 
 Mild reaction: 
diphenhydramine 

 Delayed hemolytic 
transfusion reaction 
(DHTR) 

 >24 h from transfusion 
and within 2 weeks; 
fever, chills, jaundice, 
malaise; can be 
asymptomatic 

 ↓Hgb vs expected 
posttfn increment 

 Usually no treatment 
required 

 1C 

 ↑Bilirubin  Potential repeat tfn 
 ↑LDH  Screen for new red cell 

antibodies  +DAT 
 +Red cell 
alloantibodies 

 Transfusion-related 
acute lung injury 
(TRALI) 

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

 +CXR with diffuse 
infi ltrates 

 Oxygen  1C 
 Vasopressor support 
 Mechanical ventilation 
 Unclear benefi t for 
corticosteroids 

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

 +Bcx from patient 
and/or transfusion 
bag 

 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],  ICU  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 ) 
  a Per Guyatt et al. ( 2006 ); see Preface  
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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 suffi cient 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 fl uid expansion. Any patient 
with a systemic reaction should be evaluated for 
IgA defi ciency. Prophylaxis with diphenhydr-
amine in the patient with a pre vious reaction has 
not been shown benefi cial 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 defi cient, washed blood prod-
ucts should be utilized.  

2.5.4     Febrile Nonhemolytic 
Transfusion Reactions 

 FNHTR is defi ned 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 benefi t, 
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 
 pro ducts 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 defi ned 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 infi ltrates on 
chest radiograph without fl uid 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 contribu ting 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 benefi t 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-specifi c 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 defi ned 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 fl uid balance with pulmonary and sys-
temic overcirculation and therefore unlike 
TRALI, 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, specifi cally 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 
quantifi ed (Emy et al.  1997 ; Eng and Fish  2011 ; 
Ruccione et al.  2012 ; de Ville de Goyet et al. 
 2013 ). Quantifi cation 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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 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 
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 (Coiffi er 
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 ; Wössmann 
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 (Wössmann 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 
specifi cally 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 a  
 Clinical tumor lysis syndrome  (LTLS + 1 or more of the following)  
   AKI defi ned as creatinine ≥1.5× ULN or GFR ≤60 mL/min a  
  Cardiac arrhythmia/sudden death 
  Seizure 

   LTLS  laboratory tumor lysis syndrome,  AKI  acute kidney injury,  ULN  upper limit of normal,  GFR  glomerular fi ltration 
rate 
 Adapted from Coiffi er et al. ( 2008 ), Tosi et al. ( 2008 ), Pession et al. ( 2011 ) 
  a Not a criterion in all consensus guidelines; GFR calculated utilizing the Schwartz et al. ( 1987 ) formula: estimated GFR 
(mL/min) = (0.55 × length [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 signifi cantly higher in those 
patients with pretreatment renal insuffi ciency 
(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 × 10 9 /L and no mediastinal 
mass or splenomegaly had a 97 % negative pre-
dictive value of developing TLS. In a study of 
German BFM data, Wössmann 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 hyperleu kocytosis (WBC 
≥200 × 10 9 /L) treated on the Scandinavian 
NOPHO trials, only initial uric acid levels (11.0 
versus 7.7 mg/dL) was signi fi cant in multivari-
ate analysis for TLS risk (WBC count and 
LDH were not signifi cant) (Vaitkevičienė 
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 specifi cally 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 >25 × 10 9 /L were all signifi cant 
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 >2× ULN 
and WBC >25 × 10 9 /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 ) (Coiffi er et al.  2008 ; Tosi et al. 
 2008 ; Cairo et al.  2010 ; Agrawal and Feusner 
 2011 ; Pession et al.  2011 ).
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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 2 /day) is the most important prophy-
lactic intervention although randomized evidence 
supporting its benefi t is lacking due to the risk of 
withholding such therapy in high-risk patients 
(Table  3.3 ) (Coiffi er et al.  2008 ; Tosi et al.  2008 ). 
Intravenous fl uids 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 fl uid balance, urine 
output, laboratory evidence of renal function and 
physical exam evidence of fl uid overload (i.e., 
change in weight, edema, dyspnea, rales or gal-
lop rhythm). Dilute urine output, defi ned as 
>100 ml/m 2 /h (>4 ml/kg/h for infants) with a 
urine specifi c 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 (Coiffi er 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 (Coiffi er 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 signifi cant LTLS worrisome 
for the development of CTLS or as infrequently as 
every 24 h in lower- risk patients (Coiffi er 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 
(Coiffi er 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 mEq/L) or hypocalcemia 

   Table 3.2    Risk factor stratifi cation for clinically signifi cant tumor lysis syndrome at disease presentation in pediatric 
patients a    

 High risk for CTLS 
   Stage III/IV Burkitt lymphoma with LDH ≥2× ULN and/or bulky retroperitoneal disease 
   ALL with WBC ≥200 × 10 9 /L and uric acid ≥11.0 mg/dL b  
  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 <20 × 10 9 /L and no mediastinal mass or splenomegaly 
 Intermediate risk for CTLS 
  All others not classifi ed 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 
  a See text for detail, level of evidence 1B for all categorizations (per Guyatt et al. [2006]; see Preface) 
  b WBC >25 × 10 9 /L or LDH ≥2× ULN without LTLS is not a risk factor for TLS in ALL patients  
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         Table 3.3    Pharmacologic interventions for the treatment of tumor lysis syndrome a    

 Condition  Level of evidence b  

 General management 
  Intravenous fl uids 
    D5W 1/2NS infused at 3 L/m 2 /day without potassium or calcium  1C 
    Sodium bicarbonate 20–40 mEq/L if the patient has HU or risk for HU; 

can decrease to 1/4NS if on 40 mEq/L or more of sodium bicarbonate 
 2C 

    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 

in patients at high risk for tumor lysis 
 1C 

    Can wean labs to every 12–24 h as tumor burden decreases over 3–7 days  1C 
 Hyperuricemia 
  Allopurinol c   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 d   1B 
    Rasburicase prophylaxis should be limited to patients with evidence-

based risk factors (see Table   3.2    ); specifi cally stage III/IV BL patients with elevated 
LDH ≥2× ULN and/or bulky retroperitoneal disease, hyperleukocytic ALL (WBC 
≥200 × 10 9 /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 × 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 insuffi ciency 
    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 

and risk for calcium phosphate precipitation) 
 1C 

    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 

(0.5 g/kg) D25W IV over 30 min 
 1C 

  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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(serum calcium <7 mg/dL or ionized calcium 
<1 mmol/L) (Coiffi er et al.  2008 ; Tosi et al.  2008 ). 
The classic ECG fi ndings 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 fi brillation or asys-
tole (Diercks et al.  2004 ). The hallmark ECG fi nd-
ing of hypocalcemia is prolongation of the QTc 
interval (Diercks et al.  2004 ). 

 Management of ALL patients with severe hyper-
leukocytosis is not specifi cally 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) 
(Vaitkevičienė 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 Specifi c 
Metabolic Derangements 

3.4.1     Hyperuricemia 

 Guidelines defi ne hyperuricemia as a uric acid 
≥8.0 mg/dL; a 25 % increase from baseline is 
also considered a marker of LTLS (Table  3.1 ) 
(Coiffi er 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-

 Condition  Level of evidence b  

  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 e , 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 Coiffi er et al. ( 2008 ), Tosi et al. ( 2008 ), Howard et al. ( 2011 ), Pession et al. ( 2011 ) 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface 
  c Patients in renal failure should be dose reduced by 50 % 
  d Contraindicated in patients with glucose-6-phosphate dehydrogenase (G6PD) defi ciency  
  e Avoid administration unless patient has symptomatic hypocalcemia or ECG changes  

Table 3.3 (continued)
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zation. In consensus guidelines, Coiffi er 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 fi rm 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 fl uids with a goal urine 
pH of 7.0. It is unlikely that patients without risk 
of HU benefi t from urinary alkalization; those 
with high tumor burdens and risk for TLS may 
benefi t 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 fi rst 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 ) fi rst showed that allopuri-
nol effectively reduced serum uric acid levels 
without leading to signifi cant 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 trans ferase (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 
insuffi ciency 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) (Coiffi er 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 signifi cantly 
decreased (i.e., usually 3–7 total days) (Coiffi er 
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 benefi cial 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 fi ve to ten times more 
soluble compound, in an extremely effective 
manner. Due to this fact, many studies have 
shown that rasburicase is effi cacious in correct-
ing HU in pediatric and adult patients (Pui et al. 
 2001 ; Patte et al.  2002 ; Bosly et al.  2003 ; Coiffi er 
et al.  2003 ; Jeha et al.  2005 ; Pession et al.  2005 ; 
Shin et al.  2006 ; Kikuchi et al.  2009 ). Follow-up 
studies comparing effi cacy 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 fi nancial stake in the pharma-
ceutical company (Goldman et al.  2001 ; Pui et al. 
 2001 ; Patte et al.  2002 ; Bosly et al.  2003 ; Coiffi er 
et al.  2003 ; Jeha et al.  2005 ; Shin et al.  2006 ; 
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 
[FDA]), 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 ; Coiffi er 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 suffi cient (Hummel 
et al.  2003 ; Lee et al.  2003 ; Liu et al.  2005 ; 
Ho et al.  2006 ; Hutcherson et al.  2006 ; McDonnell 
et al.  2006 ; Trifi lio 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 (Coiffi er 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) defi ciency 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, Wössmann 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 signifi cant although 
there was a signifi cant decrease in the incidence 
of anuria. LTLS or anuria risk in children with 
BL was not signifi cantly different between rasbu-
ricase and allopurinol (Wössmann 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 
signifi cant reduction in uric acid levels, but the 
relevant analyzed studies failed to show that this 
equated to a signifi cant reduction in clinically 
signifi cant endpoints, specifi cally 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 benefi t 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. ( 2003  b ) 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-
nifi cant endpoints. Another economic compari-
son specifi cally 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 
signifi cantly reduced in the rasburicase cohort 
(Eaddy et al.  2010 ). Consensus guidelines rec-
ommend rasburicase in those with “high-risk 
disease,” defi ned as AML with WBC 
≥100 × 10 9 /L, ALL with LDH ≥2× ULN or 
WBC ≥100 × 10 9 /L, BL with LDH ≥2× ULN or 
advanced stage (i.e., III/IV), other NHL with 
advanced stage and LDH ≥2× ULN, and any 
patient with LTLS (Cairo et al.  2010 ). Tosi et al. 
( 2008 ) defi ne 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 >2× 
ULN. Although some of these patients will ben-
efi t from the addition of rasburicase, many of 
these subpopulations likely do not need rasburi-
case in all cases, such as ALL with solely LDH 
≥2× ULN or WBC ≥100 × 10 9 /L, AML with 
WBC ≥100 × 10 9 /L, all T cell ALL, all LDH 
≥2× 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 insuffi ciency 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 fl uids 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 mEq/L or any patient with evidence of an 
arrhythmia (Coiffi er 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 defi nitive 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, β-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 defi nitive 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 insuffi ciency (i.e., 
estimated GFR <35 mL/min/1.73 m 2  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-
nifi cantly 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, 
signifi cant 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 (Coiffi er 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 confi rm 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 insignifi cant 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 2 /dL 2  (Howard et al. 
 2011 ). See Table  3.3  for a summary of recom-
mendations, dosing and grading.   

3.5     Renal Interventions 

 No clear evidence-based guidelines exist as to 
when dialysis should be implemented for 
TLS. Coiffi er 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 respon ding 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 hemofi ltration, 
continuous venovenous hemodialysis, and con-
tinuous venovenous hemodiafi ltration 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 stratifi cation is vital for determin-
ing which preventative measures are appropriate 
for each individual patient. Although guidelines 
exist, the risk stratifi cation provided is based on 
consensus statements and adult data and does not 
extrapolate to all pediatric oncology populations. 
Subsequently such stratifi cation may lead to 
increased utilization of expensive medications 
such as rasburicase in situations where it is not 
justifi ed based on the existing evidence. Although 
urinary alkalinization may not be recommended 
in some guidelines, it may still be benefi cial 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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the most common cardiopulmonary emergen-
cies seen in the pediatric oncology population: 
superior vena cava and superior mediastinal 
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 ).

4.2        Superior Vena Cava 
and Superior Mediastinal 
Syndromes 

 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 

       Table 4.1    Summary of recommendations for management of cardiopulmonary emergencies   

 Clinical scenario  Recommendations  Level of evidence a  

 SVCS/SMS  Elevate head of the bed  1C 
 Place all IV lines in lower extremities  2C 
 Consider use of loop diuretics  2C 
 Remove indwelling catheter if associated with thrombosis  1C 
 Avoid sedation with general anesthesia if possible  1B 
 Consider use of pre-biopsy steroids to shrink tumor  2C 
 Consider pre-biopsy radiation therapy to shrink tumor  2C 

 Malignancy-associated 
pericardial effusions 

 Close observation only if patient is asymptomatic  1C 
 Emergent pericardiocentesis under echocardiographic guidance 
if patient is symptomatic 

 1C 

 Consider pigtail drainage catheter for prolonged drainage  2C 
 Surgical management if not controlled by above methods  1C 
 Volume resuscitation to elevate intracardiac pressures  2C 
 Avoid mechanical ventilation with positive airway pressure  2C 

 Malignancy-associated 
pleural effusions 

 Close observation only if patient is asymptomatic  1B 
 Thoracentesis if patient is symptomatic (send fl uid for evaluation, 
including cytology) 

 1B 

 Consider indwelling catheter for prolonged drainage  2C 
 Intrapleural fi brinolysis for loculated effusion  1A 
 VATS for early organizing empyema  1C 
 Thoracotomy with decortication for advanced organizing empyema  1C 
 Consider pleurodesis for refractory and recurrent effusion  2C 

 Hypertensive 
emergencies 

 Immediate intravenous therapy for severe hypertension  1C 
  Rapid bolus of phentolamine 
  Continuous infusion of phentolamine or sodium nitroprusside 
  Avoid β-blocking agents initially 
 Oral therapy for less severe hypertension  1C 
  α-blocking agent (i.e., doxazosin) 
  Calcium channel blocker 
  Consider addition of β-blocker after α-adrenoreceptor blockade 
 Prevention of hypertensive crisis if marked catecholamine release 
anticipated 

 1C 

  α-adrenoreceptor blockade with phenoxybenzamine 
  Subsequent addition of β-blockade to prevent refl ex tachycardia 

   SVCS  superior vena cava syndrome,  SMS  superior mediastinal syndrome,  IV  intravenous,  VATS  video-assisted thoraco-
scopic surgery 
  a Per Guyatt et al. ( 2006 ); see Preface  
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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 confi rm 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 
infi ltration 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 infi ltration by 
the mass into the pericardial cavity or pericardial 
effusion, based on physical exam or CT scan 
fi ndings.  

4.2.2.3      Other Studies 
 Tissue is required to make a defi nitive 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 diffi culty 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 signifi cant 
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 identifi ed 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 outfl ow 
obstruction, or peak expiratory fl ow 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 defi nitive 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 (Loeffl er 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 fi eld 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.   

4.3     Pericardial Effusion 
and Cardiac Tamponade 

 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 ). 
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4.3.1     Pathophysiology 

 The pericardium is composed of a serous layer of 
mesothelial cells adherent to the surface of the 
heart and a fi brous parietal layer formed by 
the pericardium and refl ecting back on itself. The 
space between these two layers contains up to 
50 mL of fl uid which serves as a lubricant. Excess 
fl uid 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 
fi xed intrapericardial volume which in turn leads 
to an impaired fi lling of the cardiac chambers and 
hemodynamic compromise. This compression of 
the heart due to the pericardial accumulation of 
fl uid 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 fl uid that causes tamponade is related to 
the rate of fl uid accumulation. Rapidly accumu-
lating effusions can cause symptoms with as little 
as 200 mL of fl uid, whereas if fl uid 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 
defi ned 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 fi ndings 
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 nonspecifi c fi nding (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 
signifi cant pericardial effusion suspected, as it 
can not only defi ne the size and location of an 
effusion but also assess the hemodynamic sig-
nifi cance 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 signifi cant, the fl uid 
should be drained 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 fl uid that 
accumulates between the visceral and parietal 
pleurae. Excessive amounts of such fl uid 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 signifi cant 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 
fl uid between these two layers, but this fl uid can 
increase secondary to underlying pathology. 
Pleural effusions are classifi ed as either transu-
dates or exudates. Exudates are typically of infec-
tious etiology and result from infl ammation on 
the pleural surface. Transudates, on the other 
hand, are generally of noninfectious etiology and 
result from an imbalance between the rate of 
pleural fl uid 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 defi ned 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 fl uid. 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 infi ltration, 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 infi ltration with tumor cells (Das 
 2006 ). Pleural effusions can be the initial presen-
tation of a malignancy, a delayed complication in 
a patient with a known malignancy or the fi rst 
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 fi ndings 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 fi rst study to obtain. In the 
adult, about 200 mL of fl uid 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 fl owing or loculated; free- 
fl owing fl uid 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 fl uid 
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 
fl uid suggests a chylothorax, and triglyceride and 
cholesterol levels should be measured in these 
cases. When malignancy is suspected, the fl uid 
should be sent for cytology as diagnosis has been 
shown possible in up to 65 % of cases in adults 
(Ong et al.  2000 ). The fl uid can also be used to 
look for tumor markers such as α-fetoprotein 
(AFP), β-human chorionic gonadotropin 
(β-HCG) and others, depending on the type of 
tumor suspected. Flow cytometry and cytogenet-
ics can also be performed on the pleural fl uid 
(Das  2006 ). 

 Care must be taken when performing thora-
centesis as the removal of large volumes of pleu-
ral fl uid can lead to reexpansion pulmonary 
edema (RPE). RPE occurs when atelectatic lung 
regions are rapidly expanded beyond their capac-
ity to reinfl ate, 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 
fl uid 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 
nonspecifi c 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 fl uid 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-specifi c 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 fi brinous strands and reopening pleu-
ral pores blocked by fi brinous debris, thereby 
increasing the reabsorption of pleural fl uid. 
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 fi brinolytics 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 signifi cant 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 artifi cially 
obliterated by injecting an irritant (such as talc) 
into the pleural space thus creating infl ammation 
that then tacks the two pleura together. This per-
manently obliterates the pleural space and pre-
vents reaccumulation of fl uid. Pleurodesis is most 
often used in adults with advanced-stage cancer 
but has been shown benefi cial 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 fi nding in neuro-
blastoma (Manger and Gifford  2002 , Seefelder 
et al.  2005 ).   Pheochromocytoma and paragangli-
oma are rare catecholamine-producing tumors of 
chromaffi n 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 identifi ed 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 identifi es 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 specifi c than 
CT for detecting these tumors. MIBG (I-meta- 
iodobenzylguanidine) scanning is highly specifi c 
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 offi cial guidelines, but 
consensus recommends phentolamine as a rapid 
IV bolus. Phentolamine is a nonselective 
α-adrenergic antagonist and works primarily by 
causing vasodilation by α 1  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. β-blocking agents should not be 
used initially as this can result in unopposed stim-
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ulation of α-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 α-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, β-blockers such as 
propranolol or atenolol are indicated after appro-
priate α-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 
α-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 
α-receptor blockade is generally achieved 
within 14 days. Once α-blockade is achieved, 
β-blockade is added to prevent refl ex tachycar-
dia. Atenolol is frequently used in this scenario 
(Witteles et al.  2000 ; Brouwers et al.  2003 ).   

4.6     Pulmonary Leukostasis 

 Hyperleukocytosis is defi ned as a white blood cell 
(WBC) count >100 × 10 9 /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 infi l-
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 diffi cult 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. Specifi c 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. Specifi c 
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 
nonspecifi c, and the diagnosis can be missed if 
the index of suspicion on the part of the examiner 

is not suffi ciently 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 
fl accid, with subsequent hyperrefl exia in 
extremities distal to the site of compression. 
Compression at the level of the cauda equina 
causes absent refl exes 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 fi ndings 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 a    

 Clinical scenario  Recommendations 
 Level of 
evidence b  

 Spinal cord compression  Corticosteroids: decadron 1–2 mg/kg (max 10 mg) followed by 
0.25–0.5 mg/kg (max 4 mg) Q6h—may complicate ability to make a 
diagnosis 

 1C 

 Surgery: rapid progression of symptoms or total plegia are indications 
for emergent surgical management 

 1B 

 Radiation therapy: radiosensitive tumors (i.e., lymphoma, leukemia) 
while leaving additional diagnostic sites; patients who are too unstable 
for surgery; for palliation 

 1C 

 Altered mental status  Workup to include structural, metabolic and infectious causes  1C 
 Antiepileptics (benzodiazepines fi rst-line) for acute seizure 
management with AMS 

 1B 

 Hypertonic saline for seizures secondary to hyponatremia, then slow 
correction to avoid central pontine myelinolysis 

 1B 

 Increased intracranial pressure  Acute evaluation and management of airway, breathing and circulation 
in the intensive care setting 

 1C 

 Consideration for intubation  1C 
 Elevate head of bed  1C 
 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 
saline 

 1C 

 Cerebrovascular accident  MRI preferred over CT; CT can be done acutely to rule out 
hemorrhage 

 1C 

 Treatment with a specialized team including pediatric stroke specialist, 
neurosurgeon, interventional radiologist 

 1C 

 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 
secondary to asparaginase 
therapy 

 Measurement and repletion of antithrombin (with pooled or 
recombinant product) and plasminogen 

 1B 

 Repletion of fi brinogen with cryoprecipitate to normal levels (i.e., 
>150 mg/dL) 

 1C 

 Anticoagulation if without a severe hemorrhagic component (i.e., 
unfractionated heparin) 

 1C 

 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 
in the past 

 2C 

 Rechallenging with IT MTX or substituting with IT HC/Ara-C for 
future IT therapy 

 2C 

 Ifosfamide-induced 
encephalopathy 

 Methylene blue for acute treatment or future prophylaxis if with IIE  2C 
 Thiamine for acute treatment or future prophylaxis if with IIE  2C 

(continued)
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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 neurofi bromatosis 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 infl ammatory changes 

Table 5.1 (continued)

 Clinical scenario  Recommendations 
 Level of 
evidence b  

 Posterior reversible 
encephalopathy syndrome 

 Acute seizure management (if present) as above  1B 
 Controlling of blood pressure with calcium channel blockers or 
β-blockers 

 1B 

 MRI imaging with FLAIR and DWI  1B 

   AMS  altered mental status,  CT  computed tomography,  MRI  magnetic resonance imaging,  LP  lumbar puncture,  tPA  tis-
sue plasminogen activator,  FFP  fresh frozen plasma,  IT  intrathecal,  MTX  methotrexate,  HC  hydrocortisone,  IIE  
ifosfamide- induced encephalopathy,  FLAIR  fl uid attenuated inversion recovery,  DWI  diffusion-weighted imaging 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  

   Table 5.2    Localization of spinal cord compression by 
weakness   

 Nerve 
roots 

 Muscle action and deep tendon refl exes 
(DTRs) 

 C3–C5  Diaphragmatic excursion 
 C5–C6  Biceps and brachioradialis DTRs 
 C6–C7  Triceps DTR 
 C8–T1  Hand function 
 L2–L3  Hip fl exion 
 L3–L4  Patellar DTR 
 L4–L5  Ankle dorsifl exion 
 L5–S1  Knee fl exion 
 S1–S2  Ankle plantarfl exion; S1 mediates Achilles 

DTR 
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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 fi rst 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 defi nitive 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- 

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 benefi t 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 benefi ts of 
 steroids are thought to outweigh their risks and 
are routinely used when cord compression is 
 diagnosed, although clinical trials in children are 

  Fig. 5.1    Intraspinal glioma. This 10-year-old patient pre-
sented with several weeks of progressive bilateral lower 
extremity weakness. The T1-weighted gadolinium- 
enhanced MRI shown in Panel  a  demonstrates a cystic 
mass (“M”) in the upper thoracic spinal cord. The 

T2-weighted image in Panel  b  highlights the development 
of syrinx (“S”), seen as bright cerebrospinal fl uid in this 
sequence, cranial to the mass. Pathology from a biopsy 
specimen taken at the time of diagnosis was consistent 
with pilocytic astrocytoma       
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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 defi nitive 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 fi nd 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 infl uence 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 benefi t 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 
diffi cult. There is a general consensus, however, 
that outcomes for pediatric cord compression are 
signifi cantly 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 fi rst goal in a seizing patient is to stop the 
seizures. Benzodiazepines are often used as 
fi rst- 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 fi rst 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 insuffi cient 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    ). 

   Iatrogenic 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 mEq/L in the fi rst 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 fl uids which can be accomplished by 
calculation of the sodium defi cit and either a sub-
sequent fl uid 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 fi ndings 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 
(±insensible 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 diffi cult 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 fl uids and checking serum sodium 
levels frequently is warranted. Chronic SIADH 
can be managed with oral urea and fl uid 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 identifi ed 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 fl uid 
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 
fl uid (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 
fl uorescence 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 benefi t from high-dose intravenous 
(IV) leucovorin, IV carboxypeptidase G2 and 
alkalinization of the urine, with hemodialysis if 
renal insuffi ciency 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 fi nd-
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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eral weeks (Sandoval et al.  2003 ). MRI fi ndings 
are frequently multifocal and do not fi t vascular 
distribution patterns. These MRI changes can 
also be seen in asymptomatic patients receiving 
methotrexate. Therefore, more extensive investi-

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 

  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 2 ) methotrexate during delayed 
intensifi cation. The T2-FLAIR MRI shown in Panel  a  
demonstrates the development of ill-defi ned patches of 
hyperintensity within the white matter ( white arrow ). 
Diffusion-weighted imaging taken concurrently, shown in 
Panel  b , shows restricted diffusion ( black arrows ). 

Although the pattern is not consistent with any one vascu-
lar territory, infarct is on the differential diagnosis with 
such fi ndings. 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  c ,  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       
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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 fl avoproteins (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 2 /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 
diffi cult one. Identifi ed risk factors for cerebellar 
syndrome include dose and timing as discussed 
above as well as hepatic or renal insuffi ciency 
and older age (Herzig et al.  1987 ; Baker et al. 
 1991 ; Rubin et al.  1992 ). No potential genetic 
modifi ers 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 
benefi cial 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 fi rst 
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 signifi cant 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. Specifi c 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 tumors including neuroblastoma, 
osteosarcoma, and Ewing sarcoma. Hypertension 
was a clearly identifi ed 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 ß-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 identifi ed 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 effi cacious 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.   

5.4      Increased Intracranial 
Pressure 

 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), defi ned as the 
mean arterial pressure less the intracranial pres-
sure (CPP = MAP−ICP). Insuffi cient CPP will 
produce secondary ischemia due to a lack of for-
ward blood fl ow. 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 specifi c, 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 defi cits 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 
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carbon dioxide (P a CO 2 ) 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 refl exes. 
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 
fi nding occult thrombosis. Mass lesions may 
warrant MRI for further evaluation prior to oper-
ative intervention. A lumbar puncture should not 
be performed without confi rmatory 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 (Pitfi eld 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 fl ow 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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will opt for preemptive VPS placement. A 
recent retrospective review of children with 
posterior fossa masses identifi ed 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 fi brinogen 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 fi brinogen 
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 fi brinogen, 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 diffi cult, 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 fi nd 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 

  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       
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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 purifi ed 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 IIH. Corticosteroids, 
and specifi cally 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 ).    

5.5      Cerebrovascular Disease 
in Pediatric Cancer Patients 

 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 
classifi ed 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 defi ned as the abrupt onset 
of focal neurologic defi cits 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 defi cits 
that last <24 h are generally classifi ed as a tran-
sient ischemic attack (TIA). 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 fl ow 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 fl ow is not restored quickly, 
infarction or death of brain tissue occurs. A gen-
eralized reduction in blood fl ow due to hypoten-
sion usually produces syncope. If the blood fl ow 
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. 

5.5.1     Presentation of Stroke 
in Pediatric Patients 

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

   Hemorrhagic stroke in children, especially the 
very young, often presents with nonspecifi c 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 ).  

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 

   Table 5.3    Symptoms of cerebrovascular accident by 
vascular territory   

 Artery  Key signs and symptoms 

 Anterior 
circulation 

  Middle 
cerebral 
artery  

 Contralateral hemiplegia 
 Contralateral hemianesthesia 
 Contralateral homonymous 
hemianopia 
  If dominant hemisphere : 
 Global aphasia 
  If nondominant hemisphere : 
 Neglect 
 Anosognosia a  
 Constructional apraxia b  

  Anterior 
cerebral 
artery  

 Contralateral paralysis of foot 
and leg 
 Contralateral sensory loss of 
leg and toes 
 Urinary incontinence 
 Abulia c  
 Gait apraxia 

 Posterior 
circulation 

  Posterior 
cerebral 
artery  

 Contralateral homonymous 
hemianopia with macular 
sparing 
 If thalamus and internal capsule 
involved: contralateral 
hemisensory loss and 
hemiparesis 
 Visual and color agnosias 
 Prosopagnosia d  
 Claude’s syndrome (3rd nerve 
palsy with contralateral ataxia) 
 Weber’s syndrome (3rd nerve 
palsy with contralateral 
hemiplegia) 

  Basilar 
artery  

 Bilateral long tract signs 
(sensory and motor) 
 Cranial nerve dysfunctions 
 Cerebellar dysfunction 

   a Anosognosia: Unawareness of neurologic defi cit 
  b Construction apraxia: Inability to copy simple line drawings 
  c Abulia: Akinetic mutism 
  d Prosopagnosia: Impairment in facial recognition  
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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 signifi cantly 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 confi rmation.  

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 defi ne 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 signifi cant 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 signifi cantly 
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 

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 
specifi c 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 

  Fig. 5.4    Ischemic stroke. This 19-year-old young 
woman, whose MRI is shown in this fi gure, 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       

 

5 Neurologic Emergencies



90

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 defi cits, 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 fi rst 
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, a pediatric 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 fi rst steps 
are to stabilize the child and assess the airway, 
breathing and circulation. Permissive hyperten-
sion is indicated to assure collateral fl ow 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 
fi rst 4.5 h after onset of symptoms if no contrain-
dications to tPA are present. There is limited 
understanding of the safety and effi cacy 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 effi cacy 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 (Raffi ni 
 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 defi ciency, protein C or 
protein S defi ciency, hyperhomocysteinemia, 
prothrombin 20210 gene mutation, elevated 
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FVIII, factor V Leiden mutation, elevated 
lipoprotein(a) and antiphospholipid antibodies 
can be considered (Raffi ni  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 specifi c 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 
benefi t 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 ≥100 × 10 9 /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 effi cacy 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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    Abstract    

 Hyperleukocytosis (HL) is defi ned as a white 
blood cell (WBC) count >100 × 10 9 /L and in 
pediatric patients is typically seen in acute lym-
phoblastic leukemia (ALL), acute myelogenous 
leukemia (AML) and chronic myelogenous leu-
kemia (CML). Although signifi cant gains have 
been made in the treatment of pediatric leukemia, 
HL continues to pose risk both in regard to early 
death and decreased overall survival. Patients 
with HL are at risk for acute complications due 
to rapid proliferation of leukemic blasts resulting 
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 signifi cant 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 benefi t of 
leukapheresis will be examined and recommen-
dations given.  
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6.1         Introduction 

 Hyperleukocytosis (HL) is defi ned as a white 
blood cell (WBC) count >100 × 10 9 /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 >200 × 10 9 /L) and 2.8–3.9 % in AML 
(WBC >100 × 10 9 /L) (Creutzig et al.  2004 ; Inaba 
et al.  2008 ; Möricke et al.  2008 ; Gaynon et al. 
 2010 ; Sung et al.  2012 ; Vaitkevičienė et al.  2013 ). 
The degree of HL that is clinically signifi cant 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 ; 
Würthner et al.  1999 ; Porcu et al.  2000 ; 

Novotny et al.  2005 ). In both pediatric and 
adult AML patients, leukostasis has been 
reported with WBC >50 × 10 9 /L as well as 
<50 × 10 9 /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 
specifi cally AML M3 subtype (acute promyelo-
cytic leukemia; APL) (Kim et al.  2006 ; Sung 
et al.  2012 ; Vaitkevičienė 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 infi ltration/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 ; Vaitkevičienė 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 benefi t 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 
(11q23) rearrangement, Philadelphia chromo-
some t(9;22) and leukemic cell ploidy ≤50 (Pui 
et al.  1990 ; Eguiguren et al.  1992 ; Vaitkevičienė 
et al.  2009 ). Historically, long-term outcomes in 
ALL patients with HL have been lowest, likely 
due to these underlying disease characteristics 
(Möricke et al.  2008 ; Vaitkevičienė et al.  2009 ; 
Gaynon et al.  2010 ). In ALL cooperative group 
studies, 10.9–13.1 % of patients had initial WBC 
≥100 × 10 9 /L and 4.8–5.8 % had initial WBC 
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≥200 × 10 9 /L (Möricke et al.  2008 ; Gaynon et al. 
 2010 ; Lund et al.  2011 ). For the 132 patients with 
initial WBC ≥200 × 10 9 /L in the Scandinavian 
NOPHO ALL-92 and ALL-2000 protocols, 

7 (5.3 %) suffered early death, 6 secondary to 
neurologic complications, and none secondary 
to TLS with 5 dying prior to therapy initiation 
(Lund et al.  2011 ). 

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

 Disease 
 Potential side 
effect  Treatment 

 Level of 
evidence b  

 Acute 
lymphoblastic 
leukemia 

 Leukostasis  Rapid initiation of chemotherapy  1A 
 Hyperhydration  1C 
 Consider leukapheresis for WBC >400–600 × 10 9 /L if no delay in 
antileukemic chemotherapy initiation 

 2C 

 Tumor lysis 
syndrome 

 Hyperhydration  1B 
 One dose of rasburicase prior to antileukemic chemotherapy 
initiation; see Chap.   3     for more detail 

 1A 

 Isolated 
hyperuricemia 

 One dose of prophylactic rasburicase  1B 
 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 fi brinogen >150 mg/dL  1C 

 Thrombocytopenia  Platelet transfusion to keep platelets >50 × 10 9 /L if WBC 
>300–400 × 10 9 /L 

   1C 

 Symptomatic 
anemia 

 Transfuse small aliquots (e.g., 5 mL/kg) and keep hgb <10 g/dL  1C 

 Acute 
myelogenous 
leukemia 
(except APL) 

 Leukostasis  Rapid initiation of chemotherapy  1A 
 Careful hydration  1C 
 Consider leukapheresis  2C 
 Consider HU  2C 

 Tumor lysis 
syndrome 

 Hyperhydration  1C 
 One dose of rasburicase if uric acid >7.5 mg/dL; see Chap.   3     for 
more detail 

 2C 

 DIC/coagulopathy  FFP to keep PT/PTT WNL  1C 
 Fibrinogen (concentrate or cryo) to keep fi brinogen >150 mg/dL  1C 

 Thrombocytopenia  Platelet transfusion to keep platelets >50 × 10 9 /L  1C 
 Isolated 
hyperuricemia 

 One dose of prophylactic rasburicase  1B 
 Follow with alkalinization and allopurinol  2C 
 Consider additional rasburicase doses if repeat uric acid >7.5 mg/dL  2C 

 Symptomatic 
anemia 

 Transfuse small aliquots (e.g., 5 mL/kg) and keep hgb <10 g/dL  1C 

 Acute 
promyelocytic 
leukemia 

 DIC/coagulopathy  Rapid initiation of ATRA or ATO  1A 
 FFP to keep PT/PTT WNL  1C 
 Fibrinogen (concentrate or cryo) to keep fi brinogen >150 mg/dL  1C 
 Avoid invasive procedures  1C 
 Unclear benefi t of leukapheresis  2C 

 Thrombocytopenia  Platelet transfusion to keep platelets >50 × 10 9 /L at the minimum  1C 
 APL differentiation 
syndrome/RAS 

 Dexamethasone  1B 

 Leukocytosis with 
ATRA or ATO 

 HU  1B 
 Consider holding ATRA or ATO  1C 

(continued)
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 In a follow-up study of 221 NOPHO patients 
with WBC ≥200 × 10 9 /L, Vaitkevičienė et al. 
( 2013 ) importantly note that all complications sec-
ondary to HL, except the need for dialysis, 
occurred at signifi cantly higher median WBC 
counts: neurologic (WBC 530 × 10 9 /L vs. 
327 × 10 9 /L), respiratory (WBC 620 × 10 9 /L vs. 
336 × 10 9 /L), bleeding (WBC 420 × 10 9 /L vs. 
327 × 10 9 /L), and dialysis (WBC 310 × 10 9 /L vs. 
357 × 10 9 /L). Neurologic and bleeding complica-
tions occurred at a signifi cantly higher age, while 
respiratory distress occurred at a signifi cantly 
younger age. In multivariate analysis, only WBC 
count and neurologic symptoms at admission were 
signifi cantly 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 signifi cant 
delay in antileukemic therapy initiation with no 
noted survival benefi t. 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 signifi cantly reduced the risk of TLS and 
no patient died from TLS. Initial uric acid level 

was the only signifi cant factor for the development 
of TLS on multivariate analysis (WBC count, lac-
tate dehydrogenase, corticosteroid dose and 
mechanical cytoreduction were not signifi cant). In 
their supplemental HL guidelines, Vaitkevičienė 
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 >200 × 10 9 /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 
>600 × 10 9 /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 >600 × 10 9 /L 
and massive splenomegaly were the only sig-
nifi cant 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 >200 × 10 9 /L. Early death occurred in 7 
(3.9 %), 3 from sepsis and 2 each from ICH and 

 Disease 
 Potential side 
effect  Treatment 

 Level of 
evidence b  

 Chronic 
myelogenous 
leukemia 

 Leukostasis  Hyperhydration  1C 
 HU  1C 
 Consider leukapheresis  2C 

 Priapism  Hyperhydration  1C 
 HU  1C 
 Consider leukapheresis  2C 
 Urologic consultation for therapeutic aspiration and possible 
intracavernous sympathomimetic therapy 

 1C 

 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,  hgb  hemoglobin,  APL  acute promy-
elocytic leukemia,  HU  hydroxyurea,  RAS  retinoic acid syndrome,  ATRA  all-trans retinoic acid,  ATO  arsenic trioxide 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  

Table 6.1 (continued)
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respiratory failure. Cytoreduction was performed 
in those with a median initial leukocyte count of 
416 × 10 9 /L vs. 295 × 10 9 /L in the nonreduced 
cohort. The time to initiate chemotherapy was 
signifi cantly longer in the cytoreduced cohort. 
Neurologic and respiratory complications were 
statistically more likely with WBC >400 × 10 9 /L. 
Older age was also signifi cant for neurologic 
complications. Four patients suffered from ICH 
(2.2 %), all with initial WBC >400 × 10 9 /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 benefi cial in the prevention of 
TLS or leukostasis symptoms and did not impact 
early mortality, Lowe et al. ( 2005 ) recommend 
cytoreduction for WBC >400 × 10 9 /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 signifi cantly increased risk 
of early death with WBC ≥100 × 10 9 /L (9.9 % vs. 
2.1 % with WBC <100 × 10 9 /L) and even more so 
with WBC ≥200 × 10 9 /L (16.9 % vs. 2.4 % with 
WBC <200 × 10 9 /L). Multivariate analysis found 

HL, FAB M5 and low-performance status as sig-
nifi cant independent prognostic factors. A recent 
analysis of COG AML studies AAML03P1 and 
AAML0531 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 fi ndings 
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 signifi cantly associated 
with increased initial WBC count. Initial WBC 
count was signifi cantly associated with hypoxia, 
pulmonary hemorrhage, CNS ischemia, CNS 
hemorrhage and death (Sung et al.  2012 ). Patients 
with the highest WBC counts (≥400 × 10 9 /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 
≥100 × 10 9 /L vs. 1.3 % for WBC <100 × 10 9 /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 signifi cantly 
infl uenced by the use 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 
signifi cantly correlated with median WBC count: 
neurologic (WBC 221 × 10 9 /L vs. 158 × 10 9 /L), 
pulmonary (240 × 10 9 /L vs. 155 × 10 9 /L), and renal 
(WBC 275 × 10 9 /L vs. 159 × 10 9 /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 
signifi cantly higher admission WBC count 
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(206 × 10 9 /L vs. 116 × 10 9 /L). Metabolic complica-
tions were uncommon although more prevalent in 
those with FAB M4/M5 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 signifi cant data are lack-
ing, one study in adult AML M5 patients with 
HL and pulmonary symptoms has shown poten-
tial benefi t 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 
>10 × 10 9 /L) was a risk factor for the develop-
ment of the clinical fi ndings of APL differentia-
tion syndrome such as unexplained fever, weight 
gain, respiratory distress, pulmonary infi ltrates, 
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, 
fi brinogen (fi brinogen concentrate or cryopre-
cipitate), and platelet transfusion to maintain 
fi brinogen >150 mg/dL and platelets >50 × 10 9 /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 
antifi brinolytics such as tranexamic acid have 
not shown benefi t (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 confi rmation of diagnosis 
in those cases with suffi cient 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 2  and ATRA held if the WBC rose to 
>30 × 10 9 /L during ATRA therapy until the WBC 
count was <10 × 10 9 /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 >100 × 10 9 /L (Zhou et al.  2010 ). 
The two children with the highest WBC counts, 
178 × 10 9 /L and 252 × 10 9 /L after ATO initiation, 
both died from ICH. Zhou et al. ( 2010 ) initiated 
hydroxyurea for all WBC >20 × 10 9 /L while also 
decreasing the ATO dose or even holding it in 
patients with severe leukocytosis. The benefi t 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 
>5–50 × 10 9 /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 ; Vaitkevičienė 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-fl ow 
(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 signifi cant 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 
>20 × 10 9 /L was an independent risk factor for the 
development of TLS in pediatric ALL. 
Montesinos et al. ( 2008 ) similarly reported that 
WBC >25 × 10 9 /L was an independent risk factor 
for TLS in adult AML patients, but it is unclear if 
TLS is a signifi cant 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 benefi t in preventing 
metabolic derangement through the use of low-
dose prednisone prior to initiation of induction 
chemotherapy in pediatric ALL patients with 
WBC >200 × 10 9 /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 
(Coiffi er et al.  2008 ; Tosi et al.  2008 ; Howard 
et al.  2011 ; Vaitkevičienė et al.  2013 ). Rasburicase 
is contraindicated in patients with glucose-
6-phosphate dehydrogenase (G6PD) defi ciency 
and methemoglobinemia (Tosi et al.  2008 ; Cairo 
et al.  2010 ; Howard et al.  2011 ; Vaitkevičienė 
et al.  2013 ).  

6.7       Leukapheresis 

 The most recent recommendations by the 
American Society for Apheresis (ASFA) suggest 
leukapheresis as fi rst-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 
>100 × 10 9 /L and ALL patients with WBC 
>400 × 10 9 /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 specifi c 
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 
617 × 10 9 /L. Zuckerman et al. ( 2012 ) recom-
mend leukapheresis in symptomatic adult AML 
patients with WBC >50 × 10 9 /L and in symptom-
atic ALL and CML adult patients with WBC 
>150 × 10 9 /L. Additionally, although stating a 
lack of evidence, they recommend leukapheresis 
in asymptomatic adult AML patients with WBC 
>100 × 10 9 /L to prevent leukostasis and asymp-
tomatic adult ALL patients with WBC 
>300 × 10 9 /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 
>100 × 10 9 /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 fi ndings (Tan et al. 
 2005 ; Chang et al.  2007 ; De Santis et al.  2011 ). 
Others have found a signifi cant 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, signifi cant 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 ).  

6.8     Other Treatment Modalities 
for Cytoreduction 

 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 benefi ts of hyperhydration 
although multiple small studies, especially in 
pediatric ALL, have shown signifi cant 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 benefi t of cranial 
irradiation in a pediatric ALL cohort with WBC 
>200 × 10 9 /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 artifi cial 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 
signifi cantly 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 ; Vaitkevičienė 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 
(Vaitkevičienė et al.  2013 ).   

6.10     Summary 

 Although signifi cant 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 signifi cantly improved early death, 
especially in AML patients. Many patients who 
ultimately have early death present with fea-
tures, chiefl y 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, hypofi brinogenemia, 
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 infl ammatory signs of 
acute abdomen making prompt diagnosis of 
pedia tric 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 infl ammatory 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 multi disciplinary 
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 

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 7.1    Gastrointestinal side effects of cancer therapy   

 Treatment modality  Potential side effects 

 Chemotherapy  Bacterial overgrowth 
 Bile acid malabsorption 
 Pancreatic insuffi ciency 
 Neutropenic enterocolitis 
 Edema, ulceration, atrophy 
 Increased bowel permeability 
 Transmural infection 

 Radiation therapy  Radiation enteritis 
 Stricture 
 Infl ammation/cell death 
 Progressive ischemia 
 Fibrosis 
 Loss of stem cells 

 Surgery  Ileus 
 Adhesion formation 
 Postoperative intussusception 

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

 Clinical scenario  Underlying etiologies 

 Infection  Bacterial 
 Viral 
 Fungal 
 Opportunistic 

 Infl ammation (acute)  Neutropenic enterocolitis 
 Perforation 
 Graft-versus-host disease 
 Pancreatitis 
 Perirectal abscess 
 Appendicitis 

 Infl ammation (chronic)  Bowel obstruction 
 Adhesions/strictures 
 Intussusception 
 Graft-versus-host disease 
 Pancreatitis 

 Ischemia  Mesenteric ischemia 
 Metabolic  Malabsorption 

 Hepatic insuffi ciency 
 VIP secretion 

 Vascular  Mesenteric vascular 
insuffi ciency 
 Mesenteric thrombosis 
 Venoocclusive disease/
sinusoidal obstructive 
syndrome 

 Primary tumor/secondary 
malignancy 

 Obstruction 
 Perforation 
 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 diffi cile  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 a    

 Clinical scenario  Recommendations  Level of evidence b  

 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 
clinical picture 

 1C 

 Appendicitis  Initial evaluation with US  1C 
 CT if US equivocal  1C 
 Surgical management if strong concern for appendicitis 
based on exam or imaging fi ndings 

 1C 

 Perirectal abscess  Sitz baths for symptomatic relief  1C 
 Laxatives and stool softeners to minimize painful 
defecation and prevent trauma 

 1C 

 Broad-spectrum antibiotics  1C 
 Surgery only if supportive care fails to improve 
clinical picture 

 1C 

 GI hemorrhage  Acute stabilization; fl uid support, PRBC transfusion, 
vasopressors 

 1C 

 Elevate head of bed to 30–45°  2C 
 Keep hemoglobin >8 g/dL and platelets >75 × 10 9 /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 
necrotic pancreatitis and clinical deterioration 

 1B 

 Consideration for octreotide  2C 

(continued)
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7.2.1     Neutropenic Enterocolitis 

 Neutropenic enterocolitis refers to necrotizing 
infl ammation of the small or large intestine that 
occurs in the setting of neutropenia. Typhlitis 
specifi cally refers to necrotizing infl ammation 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 fl ora; (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-
fi cile  (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 

Table 7.3 (continued)

 Clinical scenario  Recommendations  Level of evidence b  

 Bowel obstruction  Initial evaluation with KUB followed by 
abdominal CT 

 1C 

 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 
perforation, clinical deterioration, or presence 
of a mass 

 1C 

 Tumor rupture/organ perforation  Acute stabilization; fl uid support, PRBC transfusion, 
vasopressors 

 1C 

 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, 
and analgesics which may all increase IAP 

 2C 

 Percutaneous catheter decompression of 
intraperitoneal air or fl uid 

 1C 

 Optimize fl uid balance with hypertonic crystalloids 
and colloids 

 1C 

   CT  computed tomography,  US  ultrasound,  NPO  nothing by mouth,  GCSF  granulocyte colony-stimulating factor,  GI  
gastrointestinal,  PRBC  packed red blood cell,  FFP  fresh frozen plasma,  IV  intravenous,  KUB  kidney, ureter, bladder, 
 IAP  intra-abdominal pressure 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  
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 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 
nonspecifi c 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 fi rst 
be obtained as it may show an appendicolith, 
pneumatosis, or free air. Plain radiographs may 
support the diagnosis of enterocolitis with fi nd-
ings of pneumatosis and bowel wall thickening 
although most fi ndings are nonspecifi c (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 
defi nitive imaging study (Cloutier  2010 ; Pizzo 
 2011 ). CT is very sensitive for identifying cecal 
wall thickening, transmural infl ammation, 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 benefi t 
of these interventions is lacking. Narcotics should 
be utilized for anal gesia. 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 infl ammation 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 suffi cient 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. diffi cile  
(Sundell et al.  2012 ). Such regimens have not 
been specifi cally 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, fi stula, 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-
effi cient 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 fi ndings. 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 signifi cance 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 defi nitive 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 (Büyükaşik 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 fi s-
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 fl uctuant mass, 
large amounts of necrotic tissue, progression to 
necrotizing fasciitis, or a persistent fi stula (Arul 
and Spicer  2008 ; Pizzo  2011 ).   

7.3     Gastrointestinal 
Hemorrhage 

 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 infl am-
mation and micro vascular 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 infi ltra-
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 signifi cant bleeding 
include fungi such as  Candida  spp., viral patho-
gens including  Herpesviridae ,  C. diffi cile , 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- infl ammatory 
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 fl uids 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 fl uids 
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 fi brinogen; 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 throm bocytopenia, with 
maintenance of platelets ≥75 × 10 9 /L; and (3) 
correction of any coagulopathy with either 
fresh frozen plasma or fi brinogen. 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 stratifi cation. A high-risk lesion 
consists of a bleeding lesion or visible vessel on 
endoscopy. A bloody (versus “coffee-ground” or 
bilious) aspirate is 75 % specifi c 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 
 signifi cantly 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 signifi cantly less likely 
with dexamethasone. Reintroduction of aspara-
ginase after pancreatitis is controversial. In their 
review, Kearney et al. ( 2009 ) did not show a sig-
nifi cant 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 infl amed 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 signifi cantly 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 signifi cant correlation between US 
and CT when utilizing US as the primary imaging 
modality in patients with asparaginase-associated 
pancreatitis. Plain fi lm 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 infl ammation. 

 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 is 
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 

Clinically significant GI bleeding
Shock

↓↓ Hemoglobin

Aggressive fluid resuscitation
Correction of thrombocytopenia (i.e., <75 x 109/L)
Correction of coagulopathy
Transfuse PRBCs as necessary
Consultation with gastroenterology, surgery and critical care
Treat underlying causes (e.g., GVHD, infection)
Other potential adjunctive treatments (i.e., rFVIIa, octreotide, vasopressin)

Identify upper versus lower GI bleed

Hematemesis
Melena
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tRBC scan
Meckel’s scan
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Capsule endoscopy
Diagnostic laparoscopy
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and controlled

Source found
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  Fig. 7.1    Algorithm for management of clinically signifi -
cant gastrointestinal bleeding in pediatric oncology 
patients.  GI  gastrointestinal,  PRBC  packed red blood cell, 
 GVHD  graft-versus-host disease,  rFVIIa  recombinant 

factor VIIa,  EGD  esophagogastroduodenoscopy,  tRBC  
technetium- 99m-tagged red blood cell,  CT  computed 
tomography       
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 tolerated, while in a meta-analysis Petrov et al. 
( 2007 ) reported that oral refeeding in adults was 
signifi cantly 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 fi ne-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 fi fth 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- fl uid 
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 fl uids 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, 
specifi cally 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 fl exed 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 fl ank. 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 fl uid 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 
mecha nics which alter cardiac output leading to 
organ hypoperfusion and subsequent renal and 
cerebral insuffi ciency (De Backer  1999 ). 

 Although no defi nitive 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 fl uid; and (4) optimize fl uid 
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 fl uid 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 identifi cation of abdominal emergencies 
in pediatric oncology patients can be a chal-
lenge due to decreased signs and symptoms of 
infl ammation 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; identifi cation 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 throm bosis 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 infl ammatory cytokines and procoagulant 
molecules. Humoral coagulation abnormalities 
are common in cancer patients including 
increased fi brin formation and degradation as 
well as altered (i.e., increased or decreased) lev-
els of fi brinogen 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.  2008b ). 

 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 %. Signifi cant 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-Göttl et al.  1999 ; Nowak-Göttl 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 
recom  mendations 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 defi ni-
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 defi ned 
(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 defi cits, 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 defi cits.  

8.3     ALL Risk Factors 

 Several studies have identifi ed older age as a sig-
nifi cant 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 classifi ed 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 defi ni-
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 infl uence 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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 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, defi ciencies of protein C, protein S, 
or antithrombin (AT), and high lipoprotein (a) 
levels. In the largest study, Nowak- Göttl 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-
nifi cantly increased the risk: 46.5 % with an 
identifi ed 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 defi ciency (Nowak-Göttl 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 

   Table 8.1    Summary of treatment strategies and level of evidence for the management of thrombosis in pediatric 
oncology patients a    

 Clinical scenario  Recommendations  Level of evidence b  

 Primary thromboprophylaxis  Not recommended (including LMWH, warfarin, FFP)  1B 
 Routine screening with coagulation studies or for 
thrombophilia not recommended 

 2C 

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

 2C 

 Development of a non-CVC-related 
thrombosis 

 Thrombophilia screening  2C 

 Thromboembolism  Treatment with LMWH  2B 
 Thrombolysis with tPA or thrombectomy for life- or 
limb- threatening thrombosis 

 2C 

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

 2B 

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

 2C 

 Consideration for holding asparaginase therapy during 
acute TE 

 2C 

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

 1B 

 If functioning and clinically necessary, the CVC can 
remain with continuing anticoagulation 

 2C 

 Cerebral sinovenous thrombosis  Total anticoagulation for at least 3 months  1B 
 Continued anticoagulation for 3 additional months 
if with persistent occlusion or symptoms 

 2C 

 If with hemorrhage, anticoagulation can be reserved 
for cases with thrombus extension 

 2C 

 Prophylactic anticoagulation should be given with 
subsequent asparaginase doses 

 2C 

 Thrombocytopenia with 
anticoagulation 

 Initially transfuse to keep platelets >20–50 × 10 9 /L  2C 
 Subsequently, hold anticoagulation for platelets 
<20–50 × 10 9 /L 

 2C 

 Lumbar puncture with concomitant 
anticoagulation 

 LMWH should be held 24 h prior and resumed 12 h 
after LP 

 1C 

   LMWH  low-molecular-weight heparin,  FFP  fresh frozen plasma,  TE  thromboembolism,  CVC  central venous catheter, 
 tPA  tissue plasminogen activator,  LP  lumbar puncture 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  

N. Lalefar and R. Raphael



129

with antiphospholipid antibodies did experience 
thrombosis (Mitchell et al.  2003b ). Caruso et al. 
( 2006 ) reviewed fi ve 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 
(Raffi ni 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, fi brinogen, 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 modifi cations (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 signifi cantly 
decreased with doses of ≥10,000 units/m 2  vs. 
≤6,000 units/m 2  and with <9 days of asparagi-
nase exposure; type of asparaginase or manufac-
turer did not show signifi cant 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-
fi cation. 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-
Göttl 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-Göttl 
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-Göttl 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 signifi cantly 
increased risk of TE if older and if with CVC dys-
function; mediastinal disease is a signifi cant 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-fi ve 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 
signifi cance (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 signifi cantly 
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 signifi cance. Relapse and death were 
more common in patients with sympto matic TE 
but again without reaching statistical signifi cance. 

 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 signifi cantly lower prevalence of TE in 
patients with CNS tumors than other groups, with 
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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 
CVCs for cancer treatment is unknown, with a 
wide range in reported rates due to variation in 
defi nitions, 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- Göttl 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 (2–4 %) (Nowak-Göttl 
et al.  2009 ). The mechanisms by which CVCs 
may lead to TE include changes to venous fl ow 
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 nonspecifi c signs 
and symptoms of TE mandate a high index of sus-
picion. Although the “gold standard” for diagnosis 

   Table 8.2    Summary of known and presumed risk factors 
for thromboembolism in pediatric oncology patients a    

 Known 
risk factors b  

 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 c  

 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 

 Not risk factors d   CNS tumors 
 Gender 

  ALL  acute lymphoblastic leukemia,  AML  acute myeloge-
nous leukemia,  CNS  central nervous system 
  a See text for detail 
  b Consistent signifi cant multivariate analysis proving risk 
  c Inconsistent results; trend towards signifi cance 
  d Consistent signifi cant analyses proving not a risk factor  
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of DVT in adults is bilateral venography, in clini-
cal practice it is infrequently used in children due 
to technical diffi culties, 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/
MRV) or computed tomography (CT) with intra-
venous contrast are useful when ultrasound cannot 
be reliably performed. MRI with MRA/MRV 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 ambu latory 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 Prophylaxis of 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 signifi cant 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-Göttl 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-
dren with 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 specifi c 
(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 signifi cant limitations. At this 
time, there is insuffi cient 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 benefi t 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 confi rmed 
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 defi ciency, AT defi ciency, 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  2006 ). 
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 profi le (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 diffi culty 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 indefi nite 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-Göttl 
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, 
chemo therapy and other treatments that may 
modify the risk-benefi t 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 
(UH) is poorly defi ned 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 effi cacy; D-dimers can be measured to moni-
tor response and fi brinogen 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 fi lter 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 signifi cant 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 signifi cant 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 >20–50 × 10 9 /L 
(Manco-Johnson  2006 ; Nowak-Göttl 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 <50 × 10 9 /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 signifi cant 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-
fi cient 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-specifi c 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 signifi cant 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 fi rst 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 diffi cult, 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 identifi able 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 fi nd 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 typifi ed 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. Identifi cation 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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  Fig. 9.1    Pain assessment tools. ( a )  FLACC behavioral pain assessment scale. ( b ) Wong-Baker faces pain scale. 
( c ) Visual analog scale (VAS)         

Total Score (higher score indicates worse pain)

FLACC Behavioral Pain Assessment Scalea

Parameter 

Score

0 1 2 

Face No particular
expression or smiling 

Occasional grimace or
frown, withdrawn,
disinterested 

Frequent to constant
quivering chin, clenched
jaw, distressed/panicked 

Legs Normal position,
relaxed 

Uneasy, restless, tense,
occasional tremors 

Kicking or legs drawn up,
increased spasticity,
constant tremors or jerking 

Activity Lying quietly, normal
position, moves easily 

Squirming, shifting,
tense/guarded 

Arched, rigid, jerking,
severe agitation; head
banging 

Cry No cry Moans or whimpers,
occasional complaints 

Crying steadily, screams or
sobs, frequent complaints;
constant grunting 

Consolability Content, relaxed Reassured by touch,
hugging, or talking to;
distractible 

Difficult to console or
comfort, resistant 

0

2

4

6

8

10

No hurt

Hurts a little bit

Hurts a little more

Hurts even more

Hurts a whole lot

Hurts worst

Wong-Baker Faces Pain Scalea

10

9

8

7

6

5

4

3

2

1

0

Score Description

No pain

Moderate pain

Worst pain imaginable

Visual Analog Scale (VAS)a

a

b c

Adapted from Merkel et al. (1997)
afor 2 months of age to 7 years, pre-verbal or delayed

Adapted from Whaley and Wong (1995)
a4-12 years of age

Adapted from Whaley and Wong (1995)
a >8 years of age
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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, μ-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 infl ammation 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 infi ltration or infl ammation 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-infl ammatory 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 
infl ammatory 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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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.   

   Table 9.1    General analgesic principles a    

 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-naïve 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 = IV 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 

66–75 % 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 benefi cial (see 
Sects.  9.5  and  9.6 ) 

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

9 Pain Management



142

   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-infl ammatory 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 effi cacy and safety. Genetic variability in 
cytochrome P450 isoenzyme 2D6 (CYP2D6) sig-
nifi cantly 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 diffi culty 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 effi cacy 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 benefi t 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 benefi t 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-naïve 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 

3

2

1

Opioid for moderate to severe pain
± non-opioid ± adjuvant

Opioid for mild to moderate pain
± non-opioid ± adjuvant

Non-opioid for mild pain
± adjuvant

  Fig. 9.2    World Health Organization three-step pain 
ladder       
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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 IV 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 fi rst-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 fi ve 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 0 2 0 3

6 9
kg mg po morphine kg

mg po 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 benefi ts 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 fi rst-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. 

      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 a   – 

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

potentially benefi cial 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 

     Table 9.3    Pain management algorithm a    

 Pain level  Rescue medication  Sustained medication 

 Step 1  Mild pain  Start rescue medication:  Consider sustained therapy: 
 Start a nonopioid analgesic (NSAID or 
acetaminophen) as needed 

 Consider a standing dose for short period of 
time 

 Step 2  Moderate pain  Start or escalate rescue medication:  Consider sustained therapy: 
 Acetaminophen with hydrocodone  Acetaminophen with hydrocodone (same 

dosage on scheduled basis) 
 Step 3  Severe pain  Start or escalate rescue medication:  Start or escalate sustained medication: 

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

q3-4 h prn 
  (a)  Opioid naïve: 0.2–0.3 mg/kg/dose 

q3-4 h prn 
  (b)  Opioid exposed: increase previous 

dose 25–50 % for moderate pain and 
50–100 % for severe pain 

  (b)  Opioid exposed: total daily morphine 
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 

 Step 4  Severe-
persistent pain 

 Start or increase rescue medication:  Initiate or escalate sustained medication: 
 Morphine: IV, SC
 (a)  Opioid naïve <6 months: 0.05–0.1 mg/

kg/dose q3-4 h prn 

  (a)  Transition sustained medication to IV 
equivalent

 (b) Consider an infusion 
  (b)  Opioid naïve >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 analgesia (PCA) 
with morphine: 
  (a)  Opioid naïve: basal infusion, 0–0.02 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; lockout 
interval, 5–15 min 

   NSAID  nonsteroidal anti-infl ammatory drug,  IV  intravenous,  SC  subcutaneous 
 Adapted from Klick and Hauer ( 2010 ) 
  a Level of evidence 1C for all recommendations per Guyatt et al. ( 2006 ); see Preface  
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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 5 7
52 5

. /
.

mg po morphine doses day
mg 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 fi rst 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 mg × 8 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
30

10
108

mg IV morphine
mg PO morphine

mg IV morphine
mg PO morphin

×

= ee    
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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 
fi nancial 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 fi rst need to determine the equianalge-
sic dose of hydromorphone and morphine 
(Table  9.2 ):

  

5
1 5

10
0 75

mg IV morphine
mg IV hydromorphone

mg IV morphine
mg IV h

×

=

.

. yydromorphone
   

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 naïve 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, diffi cult 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 fi rst step is to calculate his total 24 h use of 
morphine:

  

6 8
48

mg of IV morphine doses per day
mg IV morphine per day

×
=    

Next, you take 2/3 of that dose 
(48 mg × 0.67 = 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 
he is receiving per hour (43.8 mg × 0.67 = 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 
benefi t in some opioid-induced side effects as 
described below, with the optimal dose in pedi-
atric patients reported to be ≥1 μg/kg/h (Monitto 
et al.  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 fl uid intake to be effective. 
Although commonly prescribed, effi cacy 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, fi ber 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 fl uid 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 benefi t 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 
μ-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 benefi t 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 benefi t 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 signifi cant nausea and vomiting. Low- 
dose naloxone has shown potential benefi t 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 benefi t 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 benefi t 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 signifi cant 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 
(Jacob  2004 ; Anghelescu et al.  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 insuffi ciency 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 

S. Malhotra and S. Maurer



151

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 confl icting evidence on the effi cacy 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 effi cacy 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.  1996  b ). 
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 effi cacious 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-Specifi c 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 fi bers 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 signifi cant 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 signifi cantly 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 
fi rst-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 typifi ed 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 
suffi cient for patients who cannot tolerate NSAID 
therapy. Patients with persistent pain requiring 
multiple doses of opioids per day benefi t 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-
fi ed 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 benefi cial, 
especially for patients with signifi cant 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 
defi ciency, 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 fl at. 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 fl uid (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 fi bers, 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 
signifi cantly 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 specifi c drug effects such as vincristine- 
associated neuropathy and general effects such as 
oral mucositis. Appropriate assessment of pain is 
the vital fi rst 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 fi rm evidence is lacking in 
pediatric patients.     
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    Abstract  

  Nausea and vomiting induced by antineoplastic 
therapy can signifi cantly 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. Specifi c 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 signifi cantly 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 classifi ed as acute, delayed, 
anticipatory, breakthrough and refractory. 
Although there are no standard defi nitions, the 
following are commonly used to classify the dif-
ferent types of CINV (Wickham  1999 ):
•     Acute : Occurs within a few minutes to several 

hours after drug administration and commonly 
resolves within the fi rst 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 signifi cant 
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 refl ex 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 
fl oor of the fourth ventricle, lacks a true blood- 
brain barrier (Miller and Leslie  1994 ). This 
allows the CTZ to sense fl uctuations in the con-
centration of certain substances in the blood-
stream, including chemotherapy and its 
metabolites. Several receptors have been identi-
fi ed in the CTZ including muscarinic, dopamine 
D 2 , serotonin (5-HT 3 ), neurokinin-1 (NK 1 ) and 
histamine H 1  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 
infi ltration, 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 fi ndings 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 signifi cant advancement in anti-
emetic therapy came in the early 1990s when 
5-HT 3  receptor antagonists became available 
(Jordan et al.  2007 ). Substance P, which binds to 
the NK 1  receptor, is a newer target in antiemetic 
therapy, and the NK 1  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 enterochromaffi n 
cells damaged by chemotherapy. Sensory neurons 
release substance P, and a number of NK 1  recep-
tors have been identifi ed 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-
fi le 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 fi nal 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 profi les as well as the patient’s prior history 
with specifi c antiemetics. Consider the use of an 
H 2  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 specifi c 
chemotherapeutic agents used are most  predictive 
of CINV risk. Several classifi cations have been 
developed to defi ne the emetogenicity of chemo-
therapy; Hesketh et al. ( 1997 ) developed a widely 
accepted classifi cation system for adults that 
divides chemotherapy into fi ve levels of emetoge-
nicity based on the percentage of patients 
 experiencing CINV following administration of 
each particular agent without any antiemetic 
 prophylaxis. This classifi cation was recently 
updated by Grunberg et al. ( 2010 ) and has been 
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incorporated into the National Comprehensive 
Cancer Network (NCCN) antiemesis guidelines. 
Similar to the current classifi cation 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 signifi cant problem for patients (Dupuis 

     Table 10.1    Acute emetic potential of antineoplastic agents in pediatric cancer patients a    

  High risk  (> 90  %  frequency of emesis in the absence of prophylaxis ) 
 Altretamine   b Cytarabine 3 g/m 2 /dose  Procarbazine (oral) 
  b Carboplatin  Dacarbazine  Streptozocin 
 Carmustine >250 mg/m 2    b Dactinomycin   b Thiotepa ≥300 mg/m 2  
  b Cisplatin  Mechlorethamine 
  b Cyclophosphamide ≥1 g/m 2    b Methotrexate ≥12 g/m 2  
  Moderate risk  ( 30 – 90  %  frequency of emesis in absence of prophylaxis ) 
 Aldesleukin >12–15 million IU/m 2   Cytarabine >200 mg to <3 g/m 2   Lomustine 
 Amifostin >300 mg/m 2   Daunorubicin  Melphalan >50 mg/m 2  
 Arsenic trioxide   b Doxorubicin  Methotrexate ≥250 mg to <12 g/m 2  
 Azacitidine  Epirubicin  Oxaliplatin >75 mg/m 2  
 Bendamustine  Etoposide (oral)  Temozolomide (oral) 
 Busulfan  Idarubicin  Vinorelbine (oral) 
  b Carmustine ≤250 mg/m 2   Ifosfamide 
  b Clofarabine  Imatinib (oral) 
  b Cyclophosphamide <1 g/m 2    b Intrathecal therapy (methotrexate, 

hydrocortisone and cytarabine) 
 Cyclophosphamide (oral)  Irinotecan 
  Low risk  ( 10 – 30  %  frequency of emesis in the absence of prophylaxis ) 
 Amifostine ≤300 mg/m 2   Fludarabine (oral)  Paclitaxel 
 Bexarotene  5-Fluorouracil  Paclitaxel-albumin 
  b Busulfan (oral)  Gemcitabine  Pemetrexed 
 Capecitabine  Ixabepilone  Teniposide 
 Cytarabine ≤200 mg/m 2   Methotrexate >50 to <250 mg/m 2   Thiotepa >300 mg/m 2  
 Docetaxel  Mitomycin  Vorinostat 
 Doxorubicin (liposomal)  Mitoxantrone 
 Etoposide  Nilotinib (oral) 
  Minimal risk  (< 10  %  frequency of emesis in the absence of prophylaxis ) 
 Alemtuzumab  Erlotinib  Rituximab 
 Alpha interferon  Fludarabine  Sorafenib 
 Asparaginase (IM or IV)  Gefi tinib  Sunitinib 
 Bevacizumab  Gemtuzumab ozogamicin  Temsirolimus 
 Bleomycin  Hydroxyurea (oral)  Thalidomide 
 Bortezomib  Lapatinib  Thioguanine (oral) 
 Cetuximab  Lenalidomide  Trastuzumab 
 Chlorambucil (oral)  Melphalan (oral low dose)  Valrubicin 
 Cladribine  Mercaptopurine (oral)  Vinblastine 
 Dasatinib  Methotrexate ≤50 mg/m 2   Vincristine 
 Decitabine  Nelarabine  Vinorelbine 
 Denileukin diftitox  Panitumumab 
 Dexrazoxane  Pentostatin 

  Adapted from Dupuis et al. ( 2011 ) 
  a All agents given intravenously (IV) unless stated otherwise 
  b Pediatric evidence available (per Dupuis et al. [ 2011 ])  
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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 fi ve groups which are dis-
cussed individually below: (1) dopamine receptor 
 antagonists, (2) corticosteroids, (3) 5-HT 3  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 specifi cally 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 effi cacy in all 
classes except in highly emetogenic chemotherapy 
(Moertel et al.  1963 ). A newer agent, metopima-
zine has been utilized with benefi t in adult patients 
but has not been studied in children (Croom and 
Keating  2006 ; Dupuis et al.  2013 ). Butyrophenones, 
such as the antipsychotic drug haloperidol, are 
infrequently used in the pediatric setting second-
ary to their side effect profi le. 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 2  dopaminergic receptors at low doses and 
exhibits weak 5-HT 3  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 3  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 fi rst- 
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 q6 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 effi cacy 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 3 -blocking agents and NK 1 -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 fi rst-line 
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therapy in children receiving moderately or 
highly emetogenic chemotherapy; the combina-
tion of a 5-HT 3  antagonist with dexamethasone 
has been shown to be more effi cacious than a 
5-HT 3  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 infl ux 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 2  IV/PO 
q6 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 2  
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 3  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 fi rst 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 fi rst-line therapy due to superior 
effi cacy and signifi cantly fewer side effects 
(Grunberg et al.  2010 ). 5-HT 3  receptor antagonists 
are thought to prevent CINV by inhibiting sero-
tonin, which is released from enterochromaffi n 
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 3  
receptor antagonists: ondansetron, granisetron and 
dolasetron. Numerous clinical trials demonstrated 
their clinical equivalence and showed there was no 
signifi cant 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 signifi cant 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 effi cacious 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 effi cacy 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 q8 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 2  (maximum, 24 mg) IV, 
followed by two doses of 5 mg/m 2  q8 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 
modifi cation in patients >4 years, including 
patients with renal insuffi ciency. Ondansetron 
clearance is diminished in patients with severe 
hepatic insuffi ciency; 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 signifi cant 
decrease in mean heart rate at 1 and 3 h post dos-
ing and a signifi cant QTc prolongation at 1 h post 
dosing although all values eventually returned to 
baseline; no signifi cant changes were seen in the 
ondansetron group (Buyukavci et al.  2005 ). 
Pinarli et al. ( 2006 ) randomized 38 children to 
either ondansetron or granisetron, and patients 
were monitored with a 24-h ECG post antiemetic 
administration. Compared to baseline, patients 
who received granisetron (but not ondansetron) 
demonstrated a signifi cant prolongation of the 
QTc interval and shortening of the PR interval 
and QRS complex, though none of these abnor-
malities were clinically signifi cant (Pinarli et al. 
 2006 ).  

   Granisetron 
 Granisetron has demonstrated effi cacy in pre-
venting and controlling CINV due to moderately 
to highly emetogenic chemotherapy in children 
and when used alone is superior to combination 
therapy using metoclopramide and prometha-
zine, metoclopramide and dexamethasone, and 
chlorpromazine and dexamethasone (Hählen 
et al.  1995 ; Komada et al.  1999 ). In a small study, 
Hirota et al. ( 1993 ) showed no signifi cant differ-
ence between the combination of granisetron and 
methylprednisolone compared with granisetron 
alone in pediatric oncology patients. Effective 
granisetron doses in children range from 20 to 
40 mcg/kg/day, often administered IV once daily 
prior to chemotherapy or orally q12 h (Dupuis 
et al.  2011 ). In the United States, granisetron 
injection, transdermal patch, and oral tablets are 
approved for initial and repeat prophylaxis in 
patients receiving emetogenic chemotherapy, 
including high-dose cisplatin. Granisetron is 
pharmacologically and pharmacokinetically dis-
tinct from ondansetron; however, clinically it 
appears equally effi cacious and safe (Gebbia 
et al.  1994 ). Current pediatric guidelines recom-
mend granisetron at 40 mcg/kg IV as a single 
daily dose for moderately to highly emetogenic 
chemotherapy or 40 mcg/kg/dose PO q12 h for 
prevention of CINV from moderately emetogenic 
chemotherapy (Dupuis et al.  2013 ). 
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    Palonosetron 
 A second-generation 5-HT 3  receptor antagonist 
palonosetron was FDA approved in 2003 and 
boasts advantages over fi rst-generation 5-HT 3  
receptor antagonists including a higher binding 
affi nity to the 5-HT 3  receptor and longer elimina-
tion half-life (i.e., 40 h in adults versus 4–8 h for 
fi rst-generation agents). Large drug company spon-
sored adult trials have demonstrated at least non-
inferiority and potential superior control of acute 
emesis with single-dose palonosetron compared 
with single-dose ondansetron    or dolasetron 
(Eisenberg et al.  2003 ; Gralla et al.  2003 ). Gralla 
et al. ( 2003 ) randomized 570 adult patients receiv-
ing moderately emetogenic chemotherapy to either 
0.25 or 0.75 mg palonosetron or 32 mg ondanse-
tron on the fi rst day of chemotherapy and showed a 
signifi cantly increased prevention of acute CINV 
(81 % vs. 68.8 %,  p  = 0.009) for the 0.25 mg palo-
nosetron arm compared with ondansetron. Of note, 
there was no signifi cant difference in response to 
acute nausea comparing 0.75 mg palonosetron and 
32 mg of ondansetron (Gralla et al.  2003 ). 
Eisenberg et al. ( 2003 ), on the other hand, showed 
only non-inferiority of both 0.25 and 0.75 mg palo-
nosetron as compared with 100 mg of dolasetron. 
Although both studies showed signifi cant improved 
response in delayed CINV for palonosetron com-
pared with single- dose ondansetron as a secondary 
outcome measure, this conclusion is confounded 
by the inappropriate utilization of single-dose (with 
a 4–8 h half-life) ondansetron as a comparison dos-
ing schedule for the prevention of delayed CINV 
(Eisenberg et al.  2003 ; Gralla et al.  2003 ). In a 
meta-analysis of adult studies of palonosetron in 
CINV, Likun et al. ( 2011 ) showed a signifi cant 
benefi t to 0.25 and 0.75 mg palonosetron in acute, 
delayed, and overall CINV prevention compared 
with fi rst-generation agents although due to the 
methodologic concerns described above, it is diffi -
cult to conclude the superiority of palonosetron in 
delayed and overall control of CINV. However, 
Geling and Eichler ( 2005 ) have shown in a meta- 
analysis of adult patients that fi rst-generation 
5-HT 3  antagonists may not be effective in the 
 prevention of delayed CINV no matter the dos-
ing schedule. Palonosetron’s three- to fourfold 
increased cost versus ondansetron must be weighed 

with a need for signifi cantly less total doses (Geling 
and Eichler  2005 ; De Leon  2006 ; Likun et al. 
 2011 ). 

 Only two studies of effi cacy of palonosetron 
in children have been published. A randomized 
trial of 60 pediatric patients 2–17 years of age 
showed 3 mcg/kg (maximum dose 0.25 mg) and 
10 mcg/kg (maximum dose 0.75 mg) of palono-
setron were well tolerated and equally effective 
(Kadota et al.  2007 ). Sepulveda-Vildosola et al. 
( 2008 ) conducted a randomized comparison of 
palonosetron (0.25 mg single dose 30 min before 
chemotherapy) and ondansetron (8 mg/m 2  every 
8 h beginning 30 min before chemotherapy) in 
children 2–15 years, evaluating 50 chemotherapy 
courses in each arm and showing a signifi cant 
reduction in emetic events and intensity of nau-
sea during the acute phase of therapy (days 1–3) 
in the palonosetron group. Due to the decreased 
number of doses, they found that palonosetron 
was more inexpensive as well (Sepulveda- 
Vildosola et al.  2008 ). The study was limited by 
the fact that palonosetron was given as a standard 
dose rather than weight and age adjusted and also 
that determination of emesis and intensity of nau-
sea was based on family report and therefore sub-
ject to potential inaccuracy (Sepulveda-Vildosola 
et al.  2008 ). Though palonosetron appears to be 
well tolerated, further research is needed to eval-
uate the optimal dose, cost-effectiveness and its 
relative effi cacy in children based on the chemo-
therapeutic emetogenicity and in delayed CINV.  

   Comparison of Agents 
 Studies suggest that there are no major differ-
ences in effi cacy or toxicity of the three 
 fi rst-generation 5-HT 3  receptor antagonists (dola-
setron, granisetron and ondansetron) in the treat-
ment of acute CINV when used at appropriate 
doses (Hesketh  1994 ). Although these agents 
have been shown effective for the treatment of 
acute CINV, they have not demonstrated effi cacy 
in alleviating symptoms of delayed CINV in adult 
patients (Hickok et al.  2003 ; Geling and Eichler 
 2005 ). The second-generation 5-HT 3  receptor 
antagonist palonosetron has been approved for the 
control of delayed emesis for adult patients receiv-
ing moderately emetogenic chemotherapy, though 
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defi nitive safety and effi cacy has not been estab-
lished in children and methodologic concerns 
exist in the comparison with fi rst-generation 
agents for the treatment of delayed CINV. 

 The 5-HT 3 -receptor antagonists remain the 
cornerstone of prophylaxis for both moderately 
and highly emetogenic chemotherapy in children 
although a recent Cochrane review concluded 
that our knowledge of effective antiemetics in 
children with CINV is quite incomplete (Phillips 
et al.  2010 ). Despite the advent of 5-HT 3  receptor 
antagonists, the control of acute and delayed 
CINV is suboptimal with highly emetogenic 
chemotherapeutic regimens, and there is consid-
erable opportunity for improvement with either 
the addition or substitution of new agents in cur-
rent regimens (Dupuis et al.  2011 ). Although 
lacking evidence, the recent pediatric guidelines 
suggest either ondansetron or granisetron can be 
given although no dose recommendation is given 
for granisetron and evidence is lacking to recom-
mend doses or regimens with dolasetron or palo-
nosetron (Dupuis et al.  2013 ).   

10.2.4.4     Substance P Antagonists (NK 1  
Receptor Antagonists) 

 NK 1  receptors are found in the nucleus tractus 
solitarii and the area postrema and are activated 
by substance P (Saito et al.  2003 ). Inhibitors of 
NK 1  receptors have demonstrated benefi cial anti-
emetic effects and represent a new target for anti-
emetic therapy. Aprepitant and its prodrug 
fosaprepitant have been shown to prevent both 
acute and delayed CINV from moderately to 
highly emetogenic chemotherapy in adults 
(Hesketh et al.  2003 ). Current Multinational 
Association of Supportive Care in Cancer 
(MASCC), European Society of Medical 
Oncology (ESMO), NCCN, and American 
Society of Clinical Oncology (ASCO) guidelines 
recommend the use of aprepitant in adults receiv-
ing highly emetogenic chemotherapy or those 
receiving a combination of anthracycline and 
cyclophosphamide (Basch et al.  2011 ; Jordan 
et al.  2011 ; Ettinger et al.  2012 ). When compared 
to ondansetron and dexamethasone alone, the 
addition of aprepitant has been shown to increase 
the rate of complete emetic control (i.e., no acute 

emesis or need for rescue medication) from 
52–73 % in  chemotherapy-naïve adults during a 
5-day period after single-day cisplatin therapy 
(Hesketh et al.  2003 ). Subsequent randomized 
clinical trials in adults have demonstrated supe-
rior effi cacy for the prevention of delayed CINV 
when aprepitant is added to a 5-HT 3  antagonist 
and dexamethasone, recently summarized in a 
pooled analysis by Jin et al. ( 2012 ). These results 
led to FDA approval of aprepitant for adults in 
March 2003 for highly emetogenic chemother-
apy and in 2006 for moderately emetogenic 
chemotherapy. 

 Studies of aprepitant in the pediatric population 
have been limited to retrospective reviews and 
case reports with the exception of one randomized 
controlled trial (Gore et al.  2009 ; Choi et al.  2010 ; 
Bauters et al.  2013 ). Gore et al. ( 2009 ) conducted 
a randomized, double-blind, placebo- controlled 
multicenter phase III trial studying aprepitant in 
adolescent patients. In addition to ondansetron 
and dexamethasone, patients were randomized 
2:1 to receive either aprepitant or placebo. Forty-
six patients from 11 to 19 years of age partici-
pated, with overall complete response rates of 
28.6 % in the aprepitant group versus 5.6 % in the 
control group (though not signifi cantly different). 
Serious adverse events were 32.1 % in the aprepi-
tant group versus 16.7 % in the control group (not 
statistically signifi cant) and pharmacokinetic data 
showed increased aprepitant metabolism as com-
pared to historical adult data (Gore et al.  2009 ). 
Further study is required to understand the effi -
cacy, appropriate dose and side effect profi le with 
aprepitant in pediatric patients. 

 In an effort to balance access to an apparently 
effective antiemetic with the lack of pediatric 
dosing and safety information, some centers are 
administering aprepitant to children ≥12 years of 
age, weighing ≥40 kg and receiving highly 
emetogenic chemotherapy. The usual adult dose 
is administered in conjunction with a 5-HT 3  
receptor antagonist and dexamethasone for 
3 days (Basch et al.  2011 ; Jordan et al.  2011 ; 
Ettinger et al.  2012 ). Based on the limited avail-
able data, pediatric guidelines recommend 
125 mg of aprepitant on day 1 and 80 mg on days 
2 and 3 (adult dosing) with a 5-HT 3  antagonist 

10 Nausea and Vomiting



168

and dexamethasone for patients ≥12 years 
 receiving highly emetogenic chemotherapy 
(Dupuis et al.  2013 ). Although variable dosing 
regimens have been utilized in children <40 kg 
and reported to be well tolerated, optimal dosing 
is yet to be determined in this population (Choi 
et al.  2010 ; Bauters et al.  2013 ; Bodge et al. 
 2014 ). 

 As aprepitant is a moderate inhibitor of and a 
substrate for CYP3A4, drug interactions are an 
important consideration, and, as mentioned, the 
dose of concomitant dexamethasone or methyl-
prednisolone (utilized as an antiemetic) is recom-
mended to be halved. Multiple chemotherapy 
agents including etoposide, ifosfamide, imatinib, 
irinotecan, paclitaxel, vinca alkaloids and ste-
roids are metabolized by CYP3A4 (Shadle et al. 
 2004 ). As such, aprepitant should be avoided in 
patients receiving these chemotherapeutic agents 
because of the potential for unintended increases 
in the dose intensity and toxicity of these antineo-
plastic agents. More complete references should 
be consulted regarding the nature and extent of 
drug interactions with aprepitant, as interactions 
with non-chemotherapeutic agents (e.g., warfa-
rin, phenytoin, midazolam, carbamazepine, 
erythromycin, ketoconazole) have been described 
(Shadle et al.  2004 ). Additional NK 1  receptor 
antagonists casopitant and rolapitant have been 
shown effective and safe in adult CINV but have 
not been studied in pediatric patients.  

10.2.4.5     Cannabinoids 
 The plant  Cannabis  contains more than 60 differ-
ent types of cannabinoids which have physiologic 
activity. There are two FDA-approved products 
for CINV: dronabinol (a synthetic isomer, - trans -
Δ 9    - tetrahydrocannabinol ) and nabilone. 
Cannabinoids likely exert antiemetic effects by 
targeting cannabinoid-1 (CB-1) and CB-2 recep-
tors in the CNS (Abrahamov et al.  1995 ; Tramer 
et al.  2001 ). These agents have demonstrated 
modest effi cacy in the prevention of acute CINV 
in children and are superior to low-dose metoclo-
pramide and prochlorperazine, though with side 
effects which include euphoria, dizziness (i.e., 
postural hypotension) and hallucinations (Chan 
et al.  1987 , Tramer et al.  2001 ). Dronabinol is 

dosed at 5 mg/m 2  q6 h prn (max 15 mg/m 2 /dose) 
orally and is typically reserved for refractory 
patients. Pediatric guidelines recommend nabi-
lone (<18 kg, 0.5 mg/dose PO twice daily; 
18–30 kg, 1 mg/dose PO twice daily; >30 kg, 
1 mg/dose PO three times daily) in patients for 
whom corticosteroids are contraindicated receiv-
ing moderately to highly emetogenic chemother-
apy (Dupuis et al.  2013 ).  

10.2.4.6    Other Antiemetic Agents 
   Antihistamines 
 Antihistamines such as diphenhydramine are 
commonly used as adjunctive agents in the treat-
ment and prevention of CINV although system-
atic review of their potential benefi t is not 
reported in the literature. Antihistamines theo-
retically impact the histaminergic receptors in the 
CTZ and should also be utilized in combination 
with metoclopramide to prevent extrapyramidal 
side effects. Adult and pediatric guidelines do not 
discuss antihistamines beyond utilization with 
metoclopramide (Basch et al.  2011 ; Jordan et al. 
 2011 ; Ettinger et al.  2012 ; Dupuis et al.  2013 ).  

   Benzodiazepines 
 Benzodiazepines such as lorazepam and mid-
azolam have become recognized as valuable 
adjuncts in the prevention and treatment of 
 anticipatory nausea and vomiting associated with 
 chemotherapy. Benzodiazepines have not demon-
strated intrinsic antiemetic activity as single 
agents and thus should be used with other anti-
emetics, primarily for the treatment of anticipa-
tory and breakthrough CINV (Triozzi et al.  1988 ; 
Hesketh  2008 ; Basch et al.  2011 ; Jordan et al. 
 2011 ; Ettinger et al.  2012 ). Benzodiazepines are 
thought to act on higher CNS structures, the 
brainstem, and spinal cord, and they produce anx-
iolytic, sedative, and anterograde amnesic effects. 
Administration of lorazepam may be oral, IV or 
sublingual. Doses range from 0.03 to 0.05 mg/kg 
(max dose 2 mg) in children every 6–12 h (   Van 
Hoff and Olszewski  1988 ). The adverse effects of 
lorazepam include sedation, visual disturbance, 
confusion and ataxia. Benzodiazepines as adjunct 
agents are not mentioned in the recent pediatric 
guidelines (Dupuis et al.  2013 ).  

T. Chang



169

   Olanzapine 
 Olanzapine nonspecifi cally antagonizes D 2  and 
5-HT 3  receptors and has been shown in nonran-
domized adult studies to be effective in prevent-
ing acute and delayed CINV (Navari et al.  2005 ; 
Navari et al.  2007 ; Hesketh  2008 ). Adult guide-
lines include olanzapine as a suggested adjunct 
agent in patients with delayed or refractory CINV 
(Basch et al.  2011 ; Jordan et al.  2011 ; Ettinger 
et al.  2012 ). Pediatric data are lacking (Dupuis 
et al.  2013 ).   

10.2.4.7    Alternative Therapies 
   Ginger 
 Ginger has been traditionally utilized as a treat-
ment for upset stomach and is considered safe by 
the FDA. A Cochrane review of pregnant women 
showed limited and inconsistent results of ginger 
on the treatment of nausea (Matthews et al. 
 2014 ). Studies in CINV are limited and mixed. In 
randomized controlled adult trials, Zick et al. 
( 2009 ) showed no benefi t to ginger in the reduc-
tion of severity of acute or delayed CINV, while 
Ryan et al. ( 2012 ) found signifi cant benefi t of 0.5 
and 1.0 g ginger in acute CINV when given 
3 days prior to chemotherapy initiation. One ran-
domized placebo- controlled study in pediatric 
patients found signifi cant improvement in both 
acute and delayed CINV with the addition of gin-
ger root powder in bone sarcoma patients receiv-
ing ondansetron and dexamethasone (Pillai et al. 
 2011 ). Further work is required to determine if 
ginger is a potentially benefi cial adjunctive agent 
(Dupuis et al.  2013 ).  

   Acupressure/Acupuncture 
 Chinese medicine has for centuries utilized acu-
pressure and acupuncture for the treatment of 
emesis induced by pregnancy and surgery (Jindal 
et al.  2008 ). Traditionally, the P6 acupuncture 
point above the wrist between the palmaris lon-
gus and fl exor carpi radialis muscles of the fore-
arm is targeted for prevention of nausea and 
vomiting. The role of acupuncture and acupres-
sure has been studied systematically; in a pooled 
analysis of CINV, Ezzo et al. ( 2006 ) demon-
strated mild reduction in acute emesis (RR = 0.82, 
95 % CI 0.69, 0.99;  p  = 0.04), but no change in 

acute or delayed nausea severity compared with 
controls. A Cochrane review showed no benefi t 
to acupuncture and limited evidence for acupres-
sure in pregnant women with nausea (Matthews 
et al.  2014 ). Continuous pressure to the P6 acu-
puncture point can be administered continuously 
using acupressure wrist bands (Sea-Band®) 
(Molassiotis et al.  2008 ). 

 Studies of acupressure and acupuncture in the 
pediatric population are limited due to diffi culties 
in patient accrual, particularly in younger patients 
who might fear this modality. One study was only 
able to enroll 11 patients ≥10 years of age in a 
2-year period and demonstrated a signifi cantly 
reduced need for additional antiemetics when acu-
pressure was combined with 5-HT 3  antagonists 
( p  = 0.024) (Reindl et al.  2006 ). This conclusion 
was confounded by the fact that episodes of vomit-
ing were not reduced ( p  = 0.374) (Reindl et al. 
 2006 ). Small sample sizes continue to be a barrier 
to future research, though efforts for stronger evi-
dence-based studies are ongoing including a ran-
domized controlled trial of acupressure to control 
CINV in children receiving cisplatin sponsored by 
the Children’s Oncology Group. A validated pedi-
atric nausea assessment tool (PeNAT) will be uti-
lized to assess response to therapy in both acute 
and delayed phases (Dupuis et al.  2006 ).  

   Hypnosis and Other Therapies 
 Limited data are available in the literature regarding 
hypnosis although a meta-analysis of fi ve pediatric 
studies in the prevention of CINV showed signifi -
cant reduction in anticipatory CINV (Richardson 
et al.  2007 ). Benefi t of hypnosis as well as other 
behavioral modifi cation techniques such as cog-
nitive-behavior therapy, guided imagery, music 
therapy, muscle relaxation, virtual reality and 
psychoeducational support have not been sys-
tematically studied (Dupuis et al.  2013 ).    

10.2.5     Recommendations 
for Prevention and Treatment 
of CINV 

 The advent of new and improved pharmaco-
logic antiemetic agents, accumulation of clinical 
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 experience, and ability to stratify chemotherapy 
regimens according to their emetogenicity has 
made it possible to construct guidelines for a log-
ical approach to prevention and treatment of 
CINV in adults (Basch et al.  2011 ; Jordan et al. 
 2011 ; Ettinger et al.  2012 ). However, due to 
important differences in treatment intensity, drug 
metabolism and toxicity, adult guidelines cannot 
simply be extrapolated to the pediatric popula-
tion. Evidence-based guidelines for antiemetic 
selection in children receiving chemotherapy 
have been developed by ASCO, ESMO, and 
MASCC; however, recommendations were based 
on few randomized controlled trials and extrapo-
lation of adult data (Basch et al.  2011 ; Jordan 
et al.  2011 ; Ettinger et al.  2012 ). The recent 
Pediatric Oncology Group of Ontario guidelines 
represent a comprehensive systematic review of 
the pediatric literature and recommendations 
here are largely based on these guidelines (Dupuis 
et al.  2013 ). 

10.2.5.1    Management of CINV 
 Management of CINV (Table  10.2 ) is based on 
the emetogenic potential of the chemotherapeu-
tic regimen that each individual is undergoing as 
well as their previous history of CINV. For 
patients receiving regimens with high emeto-
genic risk such as cisplatin or cyclophospha-
mide (Table  10.1 ), the combination of a 5-HT 3  
receptor antagonist, aprepitant and dexametha-
sone is recommended prior to chemotherapy. 
Aprepitant and dexamethasone are recom-
mended to continue >24 h after chemotherapy 
(i.e., for 3 total days) for the prevention of 
delayed CINV. Close attention should be paid to 
potential drug interactions when considering 
use of aprepitant, and aprepitant cannot cur-
rently be recommended in children <12 years of 
age or <40 kg (Dupuis et al.  2013 ). If aprepitant 
cannot be used, patients should at minimum 
receive a 5-HT 3  receptor antagonist and dexa-
methasone. If aprepitant and corticosteroids are 
contraindicated, a 5-HT 3  receptor antagonist 
plus a cannabinoid (dronabinol or nabilone) or 
dopamine receptor antagonist (promethazine, 
metopimazine or metoclopramide with diphen-
hydramine) can be used although typical pediat-

ric oncology practice has utilized 
diphenhydramine and lorazepam prior to canna-
binoids or D 2  antagonists. An anticholinergic 
such as scopolamine may also be used for adju-
vant therapy especially in adolescents although 
data in CINV are lacking.

   For patients receiving moderate emetogenic 
risk chemotherapy, the combination of a 5-HT 3  
receptor antagonist and dexamethasone is recom-
mended prior to chemotherapy. If corticosteroids 
are contraindicated, a 5-HT 3  receptor antagonist 
plus a cannabinoid (dronabinol or nabilone) or 
dopamine receptor antagonist (promethazine, 
metopimazine or metoclopramide with diphen-
hydramine) can be used although typical pediatric 
oncology practice has utilized diphenhydramine 
and lorazepam prior to cannabinoids or D 2  antag-
onists. An anticholinergic such as scopolamine 
may also be used for adjuvant therapy especially 
in adolescents. For regimens with low emetogenic 
risk, monotherapy with a 5-HT 3  receptor antagonist 
is recommended. For regimens with minimal 
emetogenic risk, no prophylaxis is recommended.  

10.2.5.2    Special Considerations 
   Anticipatory Nausea and Vomiting 
 Prevention of anticipatory nausea and vomiting 
(Table  10.2 ) is achieved through the use of 
 optimal antiemetic prophylaxis with each cycle 
of chemotherapy. Once symptoms have devel-
oped, benzodiazepines can be added to the pro-
phylactic antiemetic regimen for anxiolysis. 
Patient expectancy of nausea and vomiting is an 
often underrecognized factor and alternative 
 therapies have been shown to effectively treat 
anticipatory CINV especially when used in com-
bination with antiemetics (Figueroa-Moseley 
et al.  2007 ; Richardson et al.  2007 ).  

   Breakthrough Nausea and Vomiting 
 Breakthrough emesis (Table  10.2 ) presents a dif-
fi cult scenario as correction of refractory ongoing 
CINV is challenging to reverse. Prevention is far 
easier than treatment. The general principle of 
breakthrough treatment is to give an additional 
agent from a different drug class. Some patients 
require several agents utilizing differing mecha-
nisms of action. Around the clock dosing is 

T. Chang



171

 typically preferred rather than as needed dosing, 
particularly in children who may not know how 
to properly convey nausea. Typical breakthrough 
agents include lorazepam, diphenhydramine, 

scopolamine, metoclopramide (with diphenhydr-
amine), promethazine or metopimazine, and can-
nabinoids. One can consider maximizing the 
starting dose of the 5-HT 3  antagonist or  switching 

      Table 10.2    Management of chemotherapy-induced nausea and vomiting in pediatric cancer patients a    

 Emetogenic risk b   Drug  Dosing  Level of evidence c  

 High emetogenic risk  Corticosteroids permitted d : 
ondansetron or granisetron + 
dexamethasone + aprepitant e  

 Ondansetron  1B 
 0.15 mg/kg/dose (max 8 mg/dose)
IV/PO pretherapy and then q8 h 
 Granisetron  1B 
 40 mcg/kg/dose IV daily 

 Corticosteroids 
contraindicated d : ondansetron 
or granisetron + breakthrough 
agent + aprepitant e  

 Dexamethasone  1C 
 6 mg/m 2 /dose IV/PO q6 h; 
if given concurrently with 
aprepitant, reduce 
dexamethasone dose by half 
 Aprepitant  1C 
 125 mg PO on day 1, 80 mg 
daily on day 2 and 3 

 Moderate emetogenic risk  Corticosteroids permitted d : 
ondansetron or 
granisetron + dexamethasone 

 Ondansetron  1B 
 0.15 mg/kg/dose (max 8 mg/
dose) IV/PO pretherapy and 
then q8-12 h 

 Corticosteroids 
contraindicatedd: ondansetron 
or granisetron + breakthrough 
agent 

 Granisetron  1B 
 40 mcg/kg/dose IV daily OR 
40 mcg/kg/dose PO q12 h 
 Dexamethasone  1C 
 ≤0.6 m 2 : 2 mg/dose IV/PO q12 h 
 >0.6 m 2 : 4 mg/dose IV/PO q12 h 

 Low emetogenic risk  Ondansetron or granisetron  Same dosing as above  1B 
 Minimal emetogenic risk  No routine prophylaxis  1C 
 Breakthrough nausea and 
vomiting 

 Ondansetron or granisetron  Same dosing as above (ordered 
prn if not already scheduled) 

 1B 

 Lorazepam  0.05 mg/kg/dose IV q6 h prn 
(max 2 mg/dose) 

 2B 

 Metoclopramide  1 mg/kg/dose IV pretherapy 
(max 10 mg/dose) then 
0.075 mg/kg/dose PO q6 h; give 
diphenhydramine concurrently 

 1C 

 Promethazine  0.125 mg/kg/dose IV q6 h (do not 
use in children <2 years of age) 

 2C 

 Dronabinol  5 mg/m 2 /dose PO q6 h prn (may 
increase in 2.5 mg increments to 
max 15 mg/m 2 /dose) 

 2B 

 Anticipatory nausea and 
vomiting 

 Lorazepam  0.05 mg/kg/dose IV q6 h prn 
(max 2 mg/dose) 

 2B 

   IV  intravenous,  PO  by mouth,  prn  as needed 
 Adapted from Ettinger et al. ( 2012 ), Dupuis et al. ( 2013 ) 
  a See text for full detail 
  b See Table  10.1  for chemotherapy emetogenicity classifi cation 
  c Level of evidence per Guyatt et al. ( 2006 ); see Preface 
  d Corticosteroids as antiemetic generally contraindicated with treatment of brain tumors, leukemia and lymphoma 
  e Recommended for children ≥12 years old, investigate potential drug interactions prior to use  
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to an alternative 5-HT 3  antagonist (e.g., from 
ondansetron to granisetron or palonosetron). If 
the patient has dyspepsia, adding an H 2  blocker 
or proton pump inhibitor may be benefi cial. 
Adequate hydration is imperative. Alternative 
therapies should be explored and may be of ben-
efi t. The patient should also be assessed for other 
non-chemotherapy-associated etiologies of nau-
sea and vomiting such as electrolyte imbalances, 
GI obstruction or gastroparesis, tumor infi ltration 
of bowel or brain, effect of total parenteral nutri-
tion, and other potential diagnoses.     

10.3     Radiation-Induced Nausea 
and Vomiting 

 Radiation-induced nausea and vomiting 
(Table  10.2 ) is seen in nearly all patients receiv-
ing total body irradiation prior to hematopoietic 
stem cell transplant and in >80 % of those receiv-
ing radiation to the upper abdomen (Feyer et al. 
 2005 ). Studies have demonstrated effi cacy of 
5-HT 3  receptor antagonist prophylaxis in this 
 setting as well as superiority to metoclopramide 
(American Society of Health-System Pharmacists 
 1999 ). Adult guidelines recommend prophylaxis 
with ondansetron or granisetron prior to each 
radiation fraction delivered (Basch et al.  2011 ; 
Jordan et al.  2011 ; Ettinger et al.  2012 ).  

10.4     Summary 

 Dramatic progress has been made in the preven-
tion of CINV, especially with the introduction of 
the 5-HT 3  receptor antagonists in the early 1990s. 
Utilization of second-generation 5-HT 3  receptor 
antagonists such as palonosetron requires further 
study in children but will also likely be benefi cial 
in the prevention of delayed CINV as compared to 
fi rst-generation agents. The utility of NK 1  recep-
tor antagonists is evident in the adult literature 
and dedicated pediatric studies are necessary to 
allow further improvement of CINV outcomes in 
children with cancer. Heightened awareness of 
patient symptoms, assessment and modifi cation 
of risk factors, adherence to current guidelines for 

prophylaxis based on emetogenic risk, and the use 
of novel strategies such as long- acting and sublin-
gual formulations, transdermal patches, and com-
plimentary alternative therapies will ensure that 
fewer pediatric patients experience nausea and 
vomiting from antineoplastic therapy.     
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    Abstract  

  Oral mucositis is one of the most common and 
distressing side effects of cancer therapy and 
results from damage to the mucosal lining of 
the gastrointestinal tract due to radiation 
therapy and chemotherapy. Mucositis is charac-
terized by oral erythema, ulceration, and pain 
and is seen as a continuum from limited 
patches of mildly sore erythematous mucosae 
to diffuse areas of painful ulceration and pseu-
domembranes. The oncology health care team 
must proactively assess and manage the oral 
health of pediatric oncology patients before, 
during and after cancer therapy. This chapter 
describes the incidence, etiologies, and treat-
ments of oral mucositis and summarizes 
general oral health care for pediatric oncology 
patients. Current evidence-based guidelines 
are reviewed in order to aid pediatric oncology 
practitioners on best practice for the oral 
health of their patients.  

11.1         Introduction 

 Oral mucositis (OM) is one of the most common 
and distressing side effects of cancer therapy. 
Mucositis results from damage to the mucosal lin-
ing of the gastrointestinal tract due to radiation 
therapy and chemotherapy (Sonis et al.  2004 ). OM 
is a clinical condition characterized by  erythema, 
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ulceration, and pain and is a continuum from lim-
ited patches of mildly sore erythematous mucosae 
to diffuse areas of painful ulceration and pseudo-
membranes (Scully et al.  2003 ). The variability in 
severity of OM contributes to the underreporting 
of its prevalence (Scully et al.  2003 ; Sonis  2004 ). 
It is often painful and can compromise nutrition 
and oral hygiene while increasing risk for local 
and systemic infection (Lalla et al.  2008 ). 

 OM is the most frequent, serious complication 
of chemotherapy and radiation therapy causing 
reductions in chemotherapy doses, need for 
nasogastric tube feedings and potentially total 
parenteral nutrition (TPN), and increasing hospi-
talizations and opioid use (Treister and Sonis 
 2007 ). OM has a signifi cant adverse effect on the 
quality of life of children and adolescents (Cheng 
et al.  2012 ). Cheng et al. ( 2012 ) found that OM 
symptoms that were most distressing in this popu-
lation included dysphagia, which led to an inabil-
ity to eat or enjoy food, and trouble sleeping.  

11.2     Incidence 

 The incidence of OM is highest in patients being 
treated for cancers of the head and neck. 
Approximately 90 % of patients with head and 
neck cancer develop OM, depending on the loca-
tion of radiation therapy and the use of concomi-
tant chemotherapy (Sonis et al.  2004 ). OM occurs 
in 52–80 % of all children receiving cancer treat-
ment (Kuhn et al.  2009 ). 

11.2.1     Risk Factors 

 Risk factors that dispose a patient to the develop-
ment of mucositis are multifactorial and can be 
classifi ed into two categories: patient-related and 
treatment-related (Table  11.1 ). Many chemother-
apeutic and biotherapy agents can play a role in 
mucositis. The risk of OM increases when high-
dose combination therapies are utilized such as in 
hematopoietic stem cell transplantation (HSCT) 
and particularly in combination with total body 
irradiation (TBI) (Scully et al.  2003 ).

    Table 11.1    Therapy- and patient-related risk factors for 
oral mucositis   

  Therapy-related risk factors  
 Chemotherapy and 
biotherapy agents 

 Antimetabolites 
  Cytarabine 
  5-fl uorouracil 
  Methotrexate 
 Antitumor antibiotics 
  Actinomycin D 
  Amsacrine 
  Mithramycin 
  Mitomycin 
 Alkylating agents 
  Busulfan 
  Cyclophosphamide 
  Mechlorethamine 
  Procarbazine 
  Thiotepa 
 Anthracyclines 
  Daunorubicin 
  Doxorubicin 
  Epirubicin 
 Taxanes 
  Paclitaxel 
  Docetaxel 
 mTOR inhibitors 

 Hematopoietic stem 
cell transplant 

 Allogeneic > autologous 
transplant 

 Radiation therapy  Incidence and severity related to 
site and fractionation 

 Combination 
therapy 

 Chemotherapy + radiation 
therapy 

  Patient-related risk factors  
 Age  Children have an increased risk 

of mucositis due to increased cell 
turnover 

 Genetic factors  Genes associated with 
chemotherapy metabolism 
may play an important role 
in increased development of 
mucositis 

 Oral health and 
hygiene 

 A comorbidity of dental 
or oral infection may complicate 
mucositis 

 Nutritional status  Poor nutritional status may affect 
increased breakdown and delayed 
healing 

 Smoking  Affects circulation and may delay 
healing 

 Previous 
experience 

 History of mucositis can predict 
future mucositis 

  Adapted from Scully et al. ( 2003 )  

D. Mills and A.M. Maloney



179

11.2.2        Pathophysiology of Oral 
Mucositis 

 Mucositis has been described as a complex phys-
iologic process that can be examined in fi ve stages: 
initiation, primary damage response, signal ampli-
fi cation, ulceration, and healing (Fig.  11.1 ).

11.2.2.1        Initiation 
 The initiation stage occurs immediately following 
the administration of radiation or chemotherapy. In 
this stage, direct damage to both DNA and non-
DNA occurs. This initial insult to tissues does not 
represent the extensive injury that characterizes the 
clinical presentation of mucositis. Chemotherapy 
agents and radiation therapy generate reactive oxy-
gen species (ROS) that cause damage to connective 
tissue, DNA, and cell membranes, stimulate macro-
phages, and trigger a cascade of critical biologic 
mechanisms and molecular pathways including 
p53, nuclear factor kappa-B (NF-κB), and the 
ceramide pathway (Sonis  2004 ,  2011 ). At this point, 
the tissues have a normal clinical appearance.  

11.2.2.2     Primary Damage Response 
 The primary damage response phase is an 
extremely active phase associated with signifi cant 
inter- and intracellular signaling in connective tis-
sue, endothelium, and the submucosa (Sonis  2011 ). 

Activated transcription factors mediate both gene 
expression and the synthesis and release of biologi-
cally active mediators that impair the viability of 
the basal epithelium (Sonis  2007 ). NF-κB is 
thought to be the most signifi cant transcription fac-
tor in the development of mucositis. It is responsi-
ble for regulating the expression of approximately 
200 genes, many of which play a role in the patho-
genesis of mucositis; specifi cally, it is a regulator of 
proinfl ammatory cytokines including tumor necro-
sis factor α (TNF-α), IL-6 and IL-1β. These proin-
fl ammatory cytokines secondarily cause damage 
that ultimately results in apoptosis of epithelial 
basal cells (Tresiter and Sonis  2007 ).  

11.2.2.3     Signal Amplifi cation 
 During signal amplifi cation cytokine mediators 
generated during the primary damage response 
phase provide positive feedback resulting in a cas-
cade of damaging mediators. These feedback 
loops reinitiate the damage response pathways. An 
example of this is NF-κB stimulation by TNF-α to 
continue its downstream activity (Sonis  2004 , 
 2011 ). These feedback loops magnify the response 
of the initial injury by amplifying and potentiating 
the original biologic signals, increasing tissue 
injury and prolonging damage by continuing to 
provide signals for days after the original chemo-
therapeutic or radiation insult (Sonis  2007 ).  

  Fig. 11.1    Pathophysiology of oral mucositis (with permission from Sonis [ 2004 ])          
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11.2.2.4     Ulceration 
 Ulceration is the phase with the most clinical sig-
nifi cance. Ulceration develops as a consequence 
of the direct and indirect mechanisms noted in 
the previous phases that cause damage and apop-
totic changes to mucosal epithelium (Sonis 
 2009 ). Mucosal integrity is lost, resulting in pain-
ful ulcers. The ulcers are covered by a pseudo-
membrane and are a desirable environment for 
secondary bacterial colonization. Neutropenic 
patients are at greater risk of sepsis due to the 
Gram-positive and Gram-negative organisms that 
thrive in the pseudomembrane (Sonis  2007 ).  

11.2.2.5     Healing 
 In the absence of infection, healing is usually 
complete within 2–3 weeks. The healing phase is 
the least understood of the phases of mucositis 
but is thought to be controlled by signaling from 
the submucosal mesenchyme to the epithelium. 
Signaling controls migration, differentiation and 
proliferation of new tissue across the base of the 
ulcer (Treister and Sonis  2007 ).   

11.2.3     Clinical Course of Oral 
Mucositis 

 On initial presentation of OM, the oral mucosa fi rst 
shows erythema which then progresses to erosion 
and ultimately ulceration. Ulcerations are typically 
covered by a white fi brinous pseudomembrane. 
Lesions will heal approximately 2–4 weeks after the 
last dose of the offending chemotherapy or radiation 
therapy. In the case of immunosuppressed patients, 
resolution of OM usually coincides with granulocyte 
recovery (Lalla et al.  2008 ). Chemotherapy-induced 
OM is limited to nonkeratinized surfaces such as the 
lateral and ventral tongue, buccal mucosa, and soft 
palate (Lalla et al.  2008 ). Radiation-induced OM 
occurs in the radiation fi eld with nonkeratinized tis-
sue affected more often. Patients receiving increas-
ing cumulative doses beyond 30 Gy will be more 
severely affected (Sonis  2007 ; Lalla et al.  2008 ). The 
clinical course of mucositis can be complicated by 
infection, particularly in the immunocompromised 
patient.   

11.3     Assessment 
and Measurement of Oral 
Mucositis 

 Historically, mucositis measurement and assess-
ment in pediatrics have relied on tools developed 
for adults (Tomlinson et al.  2009 ). Reliable oral 
assessment is essential to facilitate management 
strategies or implement clinical trials in mucosi-
tis prevention and treatment (Tomlinson et al. 
 2007 ,  2009 ). The scales currently utilized to 
assess pediatric OM do not address practical 
issues such as mechanisms for optimal visualiza-
tion of the oral cavity and approaching an unco-
operative child. There are also limitations to 
reporting subjective and functional domains in 
the child (Tomlinson et al.  2007 ). 

 Simple instruments such as the World Health 
Organization (WHO) grading system and the 
National Cancer Institute (NCI) Common 
Terminology Criteria for Adverse Events are scales 
that range from 0 (with no symptoms) to 4 or 5 
(worst symptoms possible) (Fig.  11.2 ). Generally 
these scales are based on the ability to eat and drink 
combined with objective signs of mucositis. These 
instruments are utilized by pediatric oncology 
groups as part of toxicity criteria measurement. 
They are seen to be the most relevant scales for 
clinical management as a global score is achieved 
readily (Sonis et al.  2004 ). However, these simple 
scales may underreport mucositis if effective anal-
gesia is administered to the patient (Sonis  2009 ).

  The Oral Mucositis Assessment Scale (OMAS) 
was developed by a panel of experts to be an 
objective, simple, and reproducible assessment 
tool to be applied to multicenter clinical trials of 
mucositis (Sonis et al.  1999 ). The OMAS mea-
sures degree of ulceration, pseudomembrane for-
mation, and mucosal erythema in specifi c mouth 
sites (Sonis et al.  1999 ) (Fig.  11.2 ). Testing has 
demonstrated that the OMAS is reliable and valid 
in adults with the only reported limitation being 
that patients with severe mucositis had diffi culty 
undergoing repeated examinations (Sonis et al. 
 1999 ). Sung et al. ( 2007 ) demonstrated that the 
OMAS is valid in the measurement of mucositis 
in children ≥6 years of age. 
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  Fig. 11.2    Oral Mucositis Grading Scales. ( a ) World 
Health Organization scoring criteria. ( b ) National Cancer 
Institute Common Terminology Criteria for Adverse 

Events (CTCAE version 4.0). ( c ) Oral Mucositis 
Assessment Scale. ( d ) Oral Assessment Guide       

a World Health Organization (WHO) Scoring Criteria for Oral Mucositis

Grade 0 1 2 3 4

Description Normal Soreness with or
without erythema

Ulceration and
erythema; patient 
can swallow a
solid diet

Ulceration and
erythema; patient
cannot swallow a
solid diet

Ulceration and
pseudomembrane
formation of such
severity that 
alimentation is not
possible

Adapted from Sonis et al. (2004a)

With permission from Sonis et al. (1999)

b National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE version 4.0)

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Oral mucositis
definition: a
disorder
characterized by 
inflammation of
the oral mucosa

Asymptomatic 
or mild symptoms;
intervention not
indicated

Moderate pain; not
interfering with
oral intake;
modified diet
indicated

Severe pain;
interfering with
oral intake

Life-threatening
consequences;
urgent intervention
indicated

Death

http://www.acrin.org/Portals/o/Administration/Regulatory/CTACE_4.02_2009-09-15_QuickReference_5x7.pdf

c Oral Mucositis Assessment Scale

Location Ulceration/Pseudomembrane* (circle) Erythema** (circle)
Upper lip
Lower lip
Right cheek
Left cheek
Right ventral and lateral tongue
Left ventral and lateral tongue
Floor of mouth
Soft palate/fauces
Hard palate

0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3

0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2

*Ulceration/pseudomembrane:
0 = no lesion
1 = <1 cm2

2 = 1 cm2–3 cm2

3 = >3 cm2

**Erythema:
0 = none
1 = not severe
2 = severe

d Oral Assessment Guide

Numerical and Descriptive Ratings

Category
Tools for
Assessment

Methods of
Measurement 1 2 3

Swallow Observation Ask patient to
swallow. To test gag
reflex, gently place
blade on back of
tongue and depress

Normal swallow Some pain on swallow Unable to swallow

Voice Auditory Converse with patient Normal Deeper or raspy Difficulty talking or painful

Lip Visual/palpation Observe and feel 
tissue

Smooth and pink
and moist

Dry or cracked Ulcerated or bleeding

Tongue Visual/palpation Feel and observe
appearance of tissue

Pink and moist
and papillae
present

Coated or loss of
papillae with a shiny
appearance with or
without redness

Blistered or cracked

Saliva Tongue blade Insert blade into
mouth, touching the
center of the tongue
and the floor of the
mouth

Watery Thick or ropy Absent

Mucous 
membrane

Visual Observe appearance 
of tissue

Pink and moist Reddened or coated
(increased whiteness)
without ulcerations

Ulcerations with or without
bleeding

Gingiva Tongue blade and
visual

Gently press tissue
with tip of blade

Pink and stippled Edematous with or
without redness 

Spontaneous bleeding or
bleeding with pressure

Teeth Visual Observe appearance 
of teeth

Clean and no
debris

Plaque or debris in
localized area
(between teeth if 
present) 

Plaque or debris
generalized along gum line

Adapted from Eilers et al. (1988)
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 An example of a combined scale that includes 
both objective and subjective experiences as well 
as functional dimensions is the Oral Assessment 
Guide (OAG) (Eilers et al.  1988 ). The OAG was 
designed primarily as a clinical tool and is useful 
for recording the condition of the oral cavity 
(Eilers et al.  1988 ). The OAG consists of numeri-
cal and descriptive ratings in eight categories 
including voice, swallowing, lips, tongue, saliva, 
mucous membranes, gingivae and teeth. Each 
descriptive category is assessed on a numeric 
scale from 1 to 3 with the overall oral assessment 
score the sum of the eight categories (Eilers et al. 
 1988 ) (Fig.  11.2 ). Chen et al. ( 2004 ) used the 
OAG to assess children with leukemia and lym-
phoma undergoing chemotherapy and were able 
to demonstrate content validity of the instrument. 

 Tomlinson    et al. ( 2008a ,  b ,  c ) identifi ed four 
main areas of concern from the existing litera-
ture in mucositis assessment and tool develop-
ment in the pediatric oncology population: (1) 
the challenge of oral assessment in children with 
relation to age and cooperation; (2) the need for 
proxy responses, while recognizing the chal-
lenges of reporting pain and function attributed 
to oral mucositis; (3) the need for an instrument 
that is simple, quick to complete and easy to use 
in almost all children; and (4) educational con-
siderations. To address these concerns, their 
group developed the Children’s International 
Mucositis Evaluation Scale (ChIMES; Fig.  11.3 ), 
an assessment instrument for both child self-
report and parent proxy-report (Tomlinson et al. 
 2009 ). ChIMES assesses three main areas: (1) 
pain (i.e., pain assessment, amount of pain medi-
cation received), (2) function (i.e., effect on eat-
ing, drooling/pooling of saliva, effect on 
drinking), and (3) appearance (i.e., presence of 
ulcers) (Tomlinson et al.  2009 ). ChIMES has 
been shown to be understandable, with content 
validity and acceptability, and has been prospec-
tively validated in a multicenter cohort of chil-
dren receiving chemotherapy and after HSCT 
(Tomlinson et al.  2009 ,  2011 ; Jacobs et al.  2013 ).

11.4        Prevention and Treatment 
of Oral Mucositis 

 In recent years there has been an increase in 
research regarding the prevention and treatment 
of mucositis. However, evidence-based interven-
tions remain limited, especially in pediatric 
patients. Generally, the clinical focus continues 
to be on palliation of the symptoms of mucositis 
(Eilers and Million  2011 ). In a Cochrane review, 
Clarkson et al. ( 2010 ) showed that there is lim-
ited evidence that low-level laser therapy (LLLT) 
may be benefi cial in the treatment of OM. In a 
separate Cochrane analysis Worthington et al. 
( 2011 ) reported that ten agents showed potential 
benefi t in OM prophylaxis; these agents were 
reviewed by Eilers and Million ( 2011 ) and are 
summarized in Table  11.2 . 

11.4.1       Palifermin 

 Palifermin is the fi rst targeted agent approved for 
the prevention of mucositis in patients receiving 
high-dose chemotherapy with or without radia-
tion therapy as conditioning for HSCT. Palifermin 
is a recombinant form of keratinocyte growth 
factor- 1 (KGF-1) that binds to its cognate recep-
tor, resulting in increased cellular proliferation 
and mediation of epithelial cell repair (Posner 
and Haddad  2007 ). The effi cacy of palifermin to 
reduce the incidence, duration and severity of 
mucosal lesions in the oral cavity has been estab-
lished in adult patients undergoing autologous 
and allogeneic HSCT (Spielberger et al.  2004 ; 
McDonnell and Lenz  2007 ; Langner et al.  2008 ; 
Barasch et al.  2009 ). Pediatric data are quite lim-
ited. In a phase I study, Srinivasan et al. ( 2012 ) 
showed that palifermin was tolerated at a dose of 
90 μg/kg/day with linear pharmacokinetics in 
children under going allogeneic HSCT. Lauritano 
et al. ( 2014 ) showed a signifi cant reduction in 
duration and grade of mucositis in pediatric 
patients with acute lymphoblastic leukemia 
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PAIN

CHILD INTERNATIONAL MUCOSITIS EVALUATION SCALE
ChIMES

1. Which of these faces best describes how much pain you feel in your mouth or throat now? Circle one.

2. Which of these faces best shows how hard it is for you to SWALLOW your saliva/spit today because of mouth or
 throat pain? Circle one.

3. Which of these faces shows how hard it is for you to EAT today because of mouth or throat pain? Circle one.

0

Not
hard

1

Little
bit hard

2

Little
more hard

3

Even
harder

4

Very
hard

5

Can’t
swallow

0

No
hurt

1

Hurts a
little bit

2

Hurts a
little more

3

Hurts 
even more

4

Hurts a
whole lot

5

Hurts
worst

Can’t
tell

0

Not
hard

1

Little
bit hard

2

Little
more hard

3

Even
harder

4

Very
hard

5

Can’t
eat

Can’t
tell

0

Not
hard

If yes, did you need the medicine because you had a sore mouth or throat?

Yes No I can’t tell

5. Have you taken any medicine for any kind of pain today?

6. Please ask an adult to look in your mouth. Can he or she see any mouth sores in your mouth today?

1

Little
bit hard

2

Little
more hard

3

Even
harder

4

Very
hard

5

Can’t
drink

Can’t
tell

4. Which of these faces shows how hard it is for you to DRINK today because of mouth or throat pain? Circle one.

FUNCTION

PAIN MEDICATION (You will need some help from your parent or another adult to answer these questions).

APPEARANCE (The photos shown on the introduction page are examples of what mouth scores may look like).

Yes No

Yes No

  Fig. 11.3    ChIMES tool (with permission from Tomlinson et al. [ 2010 ])       
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  Table 11.2    Prevention and treatment of oral mucositis   

 Intervention  Level of support  Population studied  Grade a  

 Prevention 
 Aloe Vera  Weak unreliable evidence the solution 

was benefi cial for the prevention of 
moderate to severe mucositis 

 Head and neck cancer receiving 
radiotherapy 

 2C 

 Amifostine  Weak unreliable evidence from 
11 low quality trials that amifostine is 
benefi cial for the prevention of any 
mucositis 

 Combinations of head and neck cancer, 
other solid tumors and hematologic 
malignancies receiving radiotherapy, 
stem cell transplant, non- myeloablative 
chemotherapy or a combination 

 2C 

 Antibiotic (polymyxin/
tobramycin/amphotericin 
[PTA])—lozenges/paste 

 Weak unreliable evidence that PTA 
lozenges may be benefi cial for the 
prevention of any mucositis 

 Head and neck cancer receiving 
radiotherapy 

 2C 

 Cryotherapy  Found to be benefi cial in the 
prevention of all the outcome 
categories of mucositis—any, moderate 
and severe mucositis 

 Hematologic malignancies with 
chemotherapy or stem cell 
transplantation 

 2B 

 Glutamine  Weak evidence that glutamine 
is benefi cial for the prevention 
of severe mucositis 

 Combinations of head and neck cancer, 
other solid tumors and hematologic 
malignancies receiving radiotherapy, 
stem cell transplant, non- myeloablative 
chemotherapy or a combination 

 2B 

 Granulocyte 
colony-stimulating 
factor (G-CSF) 

 Weak unreliable evidence that G-CSF 
is effective for the prevention of severe 
mucositis 

 Combinations of head and neck cancer, 
other solid tumors and hematologic 
malignancies receiving radiotherapy, 
stem cell transplant, non- myeloablative 
chemotherapy or a combination 

 2C 

 Honey  Weak unreliable evidence with 
substantial heterogeneity that honey 
may be benefi cial in the prevention 
of any mucositis 

 Head and neck cancer receiving 
radiotherapy 

 2C 

 Palifermin (keratinocyte 
growth factor) 

 Found benefi cial for the prevention of 
all outcome categories of mucositis, 
moderate mucositis 
and severe mucositis 

 Combinations of head and neck cancer, 
other solid tumors and hematologic 
malignancies receiving radiotherapy, 
stem cell transplant, non- myeloablative 
chemotherapy or a combination 

 2B 

 Low-level laser therapy  Weak unreliable evidence that laser is 
benefi cial for the prevention of severe 
mucositis 

 Combinations of head and neck cancer, 
other solid tumors and hematologic 
malignancies receiving radiotherapy, 
stem cell transplant, non- myeloablative 
chemotherapy or a combination 

 2B 

 Sucralfate  Evidence that sucralfate is effective in 
the prevention of severe mucositis, with 
a 33 % reduction in severe mucositis in 
treatment group compared to placebo 

 Mostly head and neck cancer receiving 
radiotherapy, some trials with 
participants with other cancer types 

 2B 

 Treatment 
 Low-level laser therapy  Limited evidence that low-level laser is 

benefi cial in reducing the severity of 
oral mucositis 

 Children with mixed cancers and adults 
with hematologic malignancies 

 2B 

 Patient controlled 
analgesia (PCA) 

 Unreliable evidence that less opiate is 
used per hour and duration of the pain is 
slightly reduced with PCA. No evidence 
that PCA is better than continuous 
morphine in controlling pain 

 Adult leukemia or lymphoma 
undergoing high-dose chemotherapy 
and total body irradiation prior to stem 
cell transplant 

 2B 

  Adapted from Eilers and Million ( 2011 )   
  a Per Guyatt et al. ( 2006 ); see Preface  
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undergoing allogeneic HSCT while Vitale et al. 
( 2014 ) showed no signifi cant benefi t in children 
undergoing autologous HSCT (although there 
was a trend toward decreased mucositis severity). 
Further studies are required to assess whether 
palifermin will be effective for other chemother-
apy modalities and in the pediatric population.  

11.4.2     Low-Level Laser Therapy 

 LLLT is an emerging therapy in the prevention and 
treatment of OM. LLLT is local application of a 
monochromatic, narrowband, coherent light source. 
The action of LLLT is disputed, but a cytoprotective 
effect before and during oxidative stress has been 
reported following its use. Red and infrared LLLT is 
believed to have an anti-infl ammatory effect (Bjordal 
 2012 ). The current Multinational Association of 
Supportive Care in Cancer (MASCC) and 
International Society of Oral Oncology (ISOO) 
guidelines for adult patients receiving high-dose 
chemotherapy or chemotherapy and HSCT recom-
mend LLLT if the institution is able to support the 
technology and training in LLLT (Keefe and Gibson 
 2007 ). A meta-analysis by Bensadoun and Nair 
( 2012 ) reported reduced risk of OM as well as 
reduced duration and severity of OM with both red 
and infrared LLLT. Pediatric data are limited and 
confl icting. In a randomized, placebo-controlled 
trial of 21 pediatric oncology patients with 
chemotherapy- related OM, Kuhn et al. ( 2009 ) 
showed that LLLT reduced the duration of OM. This 
result has been supported by Abramoff et al. ( 2008 ) 
who similarly showed a reduction in OM frequency 
with LLLT as well as decreased pain and OM sever-
ity in those presenting with OM. These results con-
fl ict with Cruz et al. ( 2007 ) who showed no benefi t 
for prevention in children with cancer in a random-
ized trial.   As with palifermin, further data are 
required to support LLLT in the pediatric population 
given the younger age and therefore likely improved 
ability to heal compared to an older cohort.  

11.4.3     Glutamine 

 Glutamine is considered a conditionally essential 
amino acid as stress and catabolic states lead to its 

depletion (Storey  2007 ). Theoretically, glutamine 
repletion may prevent damage to normal tissues 
such as the oral mucosa during cytotoxic thera-
pies (Storey  2007 ). Adult studies showed benefi t 
with Saforis (AES-14), an oral L-glutamine 
swish-and-swallow suspension, but after United 
States Food and Drug Administration (FDA) 
approval, the drug was discontinued (Posner and 
Haddad  2007 ). Studies in pediatric patients are 
confl icting; Anderson et al. ( 1998 ) and Aquino 
et al. ( 2005 ) showed benefi t in pediatric patients 
undergoing cytotoxic therapies and HSCT, while 
Ware et al. ( 2009 ) showed no  benefi t. In the 
review by Storey ( 2007 ), it is concluded that stud-
ies, though promising, show an inconsistent ben-
efi t in pediatric patients and are limited by small 
patient numbers as well as a variety of glutamine 
dosages, dose intervals and administration tech-
niques which hamper the ability to make fi rm 
conclusions about glutamine effi cacy.  

11.4.4     Cryotherapy 

 Cryotherapy has not been systematically studied 
in pediatric oncology patients but has shown ben-
efi t in the prevention of OM from short-acting 
chemotherapeutic agents such as 5-fl uorouracil 
(5-FU) in adult patients (Posner and Haddad 
 2007 ). Administration of ice chips simply causes 
vasoconstriction and therefore decreased blood 
fl ow to the oral mucosa during bolus infusions of 
5-FU. Benefi t of this intervention on longer- 
acting agents is unclear although the recent 
Cochrane review did show potential decrement of 
OM incidence with prophylactic cryotherapy in 
adult patients (Posner and Haddad  2007 ; Eilers 
and Million  2011 ).   

11.5     Oral Care 

 The purpose of basic oral care is to reduce symp-
toms of oral pain and bleeding related to cancer 
therapy and to prevent soft tissue infections that 
may have systemic sequelae. In addition, mainte-
nance of good oral hygiene reduces the risk of 
future dental complications (Rubenstein et al. 
 2004 ). A study by Clarkson and Eden ( 1998 ) 
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examining the dental health of children with 
cancer found that 43 % of patients had untreated 
decay and only 35 % had been seen by a dentist 
since diagnosis. Their study exemplifi ed the lack 
of dental preventive care for pediatric oncology 
patients and stressed the need to continue to pro-
vide primary oral hygiene during pediatric cancer 
therapy (Clarkson and Eden  1998 ). A European 
multidisciplinary group, in collaboration with the 
United Kingdom Childhood Cancer Study Group 
(UKCCSG) and the Paediatric Oncology Nurses 
Forum (PONF), was established in 2001 princi-
pally to produce comprehensive, evidence-based 
guidelines on mouth care for children and adoles-
cents being treated for cancer. The potential ben-
efi ts of such guidelines include improved patient 
care, consistency of care, the promotion of inter-
ventions of proven benefi t and a reduction in use 
of ineffective or potentially harmful practices 
(Glenny et al.  2010 ). 

 The UKCCSG-PONF Mouth Care for Children 
and Young People with Cancer guidelines used the 
agreed-upon methodology of SIGN (Scottish 
Intercollegiate Guidelines Network) to aid them in 
their development of evidence-based guidelines 
(Glenny et al.  2010 ). A consensus approach was 
utilized to establish the scope and basic structure 
of the guidelines. Three key areas were identifi ed 
and covered by the guidelines: (1) dental care and 
basic oral hygiene, (2) methods of oral assess-
ment, and (3) drugs and therapies (Glenny et al. 
 2010 ). The group conducted a systematic review 
of the literature to examine these three key areas 
and, where no evidence existed, a consensus opin-
ion on best practice was determined (Glenny et al. 
 2010 ). Additionally, the American Academy of 
Pediatric Dentistry (AAPD) has published guide-
lines on the dental management of pediatric 
patients receiving chemotherapy, HSCT or radia-
tion (AAPD  2013 ). The overarching purpose of 
these guidelines is to recognize that the pediatric 
dental professional plays an important role in the 
care of pediatric oncology patients. The AAPD 
guidelines focus on basic oral hygiene and dental 
care for pediatric oncology patients before, during 
and after cancer therapy. 

 The AAPD and UKCCSG-PONF guidelines 
make recommendations in fi ve areas, as  summarized 

in Table  11.3 : (1) orodental care at the time of can-
cer diagnosis, (2) oral hygiene at diagnosis and dur-
ing cancer treatment, (3) orodental care during 
cancer treatment, (4) orodental care after cancer 
therapy, and (5) prevention and treatment of xero-
stomia (Glenny et al.  2010 ).

   The UKCCSG-PONF guidelines emphasize 
the importance of oral assessment throughout 
cancer treatment utilizing the discussed oral 
assessment tools. Frequency of oral assessment 
should be determined on an individual basis and 
should be increased if oral complications arise 
(Glenny et al.  2010 ). The AAPD describes the 
importance of identifying and stabilizing, or elim-
inating, existing and potential sources of infection 
or local irritants in the oral cavity. Emphasis on 
the education of patients and parents on the 
importance of oral care should occur throughout 
therapy as well as in regard to the potential short- 
and long-term effects of therapy. The AAPD fur-
ther elaborates on care when the use of radiation 
will affect the orofacial region with the goal of 
reduction of radiation to healthy oral tissue 
through consultation with the radiation oncologist 
and utilization of lead-lined stents, prostheses and 
shields to spare structures such as the salivary 
glands. Patients who receive radiation therapy 
involving the masticatory muscles should be edu-
cated on daily oral stretching exercises to decrease 
the potential of trismus (AAPD  2013 ). 

 Finally, for patients that experience xerosto-
mia, the AAPD recommends fl uoride rinses and 
gels for the prevention of caries as well as the use 
of humidifi cation for symptomatic relief.  

11.6     Oral Infections 

 Patients experiencing OM are predisposed to 
infections of the oral cavity. Viral, fungal and bac-
terial infections may arise with incidence depen-
dent on the use of prophylactic anti- infective 
regimens, oral status prior to chemotherapy, and 
secondary to the duration and severity of neutro-
penia. The most frequent documented source of 
sepsis in the immunocompromised cancer patient 
is the mouth (Allen et al.  2010 ). In adults, chemo-
therapy and radiotherapy in patients with head 
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and neck cancer are independently and signifi -
cantly associated with risk of oral fungal infection 
(Lalla et al.  2010 ). 

 Oropharyngeal candidiasis (i.e., thrush) is the 
most common oral mucosal infection in the immu-
nocompromised patient and most often secondary 
to  C. albicans  (Allen et al.  2010 ; Lalla et al.  2010 ). 
Oral candidiasis can have multiple clinical presen-
tations including: (1) pseudomembranous candi-
diasis (thrush) with whitish plaques with raised, 
indurated borders; (2) chronic hyperplastic candi-
diasis with a hyperkeratotic white patch; (3) ery-
thematous candidiasis; and (4) angular chelitis 
(Lalla et al.  2010 ). Topical oral antifungal agents 
such as nystatin rinse and clotrimazole troches are 
often used to treat oral candidiasis although there 
is no evidence to support their use in neutropenic 

patients. (Clarkson et al.  2007 ; Lalla et al.  2010 ; 
Worthington et al.  2010 ). In a Cochrane review 
Clarkson et al. ( 2007 ) reported that there is strong 
evidence supporting the use of antifungals which 
are absorbed in the gastrointestinal (GI) tract 
(i.e., fl uconazole, ketoconazole,  itraconazole) in 
the prevention of oral candidiasis. In their review, 
Lalla et al. ( 2010 ) similarly reported that systemic 
antifungals are effective in preventing oral fungal 
infection. Data on treatment of fungal infection are 
less clear; in another Cochrane meta-analysis 
Worthington et al. ( 2010 ) reported there is insuffi -
cient evidence to support any particular antifungal 
agent although again drugs absorbed in the GI 
tract appear more effi cacious. Both Cochrane 
reviews included studies which contained pediat-
ric patients. 

   Table 11.3    Summary of recommendations for oral care and hygiene for pediatric oncology patients a    

 Clinical scenario  Recommendations 

 Orodental care at 
time of cancer 
diagnosis 

 All children with an oncology diagnosis undergo a dental assessment at the time of cancer 
diagnosis and if possible before cancer therapy commences 
 The people most suitable to undertake the initial assessment be a pediatric dentist or dental 
hygienist 
 The possible long-term dental/orofacial effects of cancer and treatment should be discussed 
 Communication and collaboration between community and cancer center dentistry should occur 
 Oral hygiene advice and education should be given to patients and parents prior to starting 
therapy and should be provided verbally and in writing and delivered by a member of the dental 
team or a member of the medical team who has received appropriate training 

 Oral hygiene at 
diagnosis and 
during cancer 
treatment 

 Brush teeth with a fl uoride toothpaste at least twice daily 
 Toothbrush should be for the sole use of the patient and changed on a 3-month basis or when 
bristles splay. Toothbrush should be changed following an oral or respiratory infection 
 For patients up to the age of 6, parents/caregivers should be educated on how to brush the child’s teeth 
 Oral sponges should be utilized in infants and in those unable to brush their teeth 
 Use of a non-cariogenic diet should be encouraged. Education should be provided about the 
high cariogenic potential of dietary supplements rich in carbohydrates and oral medications rich 
in sucrose 

 Orodental care 
during cancer 
treatment 

 Elective dental care should not occur during periods of immunosuppression 
 Close monitoring for oral mucositis and oral mucosal infection 

 Orodental care 
after cancer 
treatment 

 Review of potential long-term dental/orofacial effects of childhood cancer and treatment 
 Oral health to be monitored during growth and development 
 Collaboration for transfer back to routine dental provider 

 Treatment and 
prevention of 
xerostomia b  

 There is insuffi cient evidence to support the use of pharmacologic agents for the prevention of 
salivary gland damage and xerostomia in pediatrics 
 Use of saliva stimulants (when approved for use in children), artifi cial saliva, sugar-free chewing 
gum or frequent sipping of water may aid in relief of dry mouth 

  Adapted from Glenny et al. ( 2010 ), American Academy of Pediatric Dentistry ( 2013 ) 
  a All recommendations are level of evidence 1C per Guyatt et al. ( 2006 ); see Preface 
  b See Chap.   13     for a detailed discussion of radiation- induced xerostomia  
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 Viral infections differ clinically from mucosi-
tis as they are typically localized to and involve 
keratinized mucosa of the hard palate, gingiva, 
and dorsal tongue, present in crops, and may 
present with fever (Scully et al.  2006 ). Herpes 
simplex virus (HSV) type 1 is the most common 
viral pathogen isolated from mucosal lesions in 
immunocompromised patients and in a Cochrane 
review acyclovir has been found effective for 
both the prevention and treatment of HSV infec-
tions in adult and pediatric cancer patients 
(Glenny et al.  2009 ).  

11.7     Summary 

 Oral mucositis is one of the most common and 
 distressing side effects of cancer therapy occurring 
in >50 % of children undergoing cancer therapy. 
Appropriate oral care, as well as complementary 
patient and family education from diagnosis on the 
importance of oral care, is the cornerstone of pre-
vention of mucositis and prevention of infection 
during periods of neutropenia. Assessment of 
mucositis is ideally done through the utilization of 
a scale validated specifi cally in pediatric patients. 
Multiple interventions have been trialled, espe-
cially in adult oncology patients, for the preven-
tion and treatment of OM and the majority of these 
interventions have reported potential weak benefi t 
or mixed results to date. Pediatric data are limited 
and confl icting; further studies are required to 
make fi rm recommendations on these agents in the 
pediatric oncology cohort.     
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    Abstract  

  Nutrition assessment and intervention is an 
important component of supportive care that 
is often overlooked as a part of the standards 
of care. The prevalence of malnutrition (i.e., 
undernutrition and overnutrition) has been the 
subject of many published papers which have 
found that up to 50 % of children and adoles-
cents with cancer present with malnutrition, a 
prevalence that is affected by diagnosis, stage, 
socioeconomic status and nutritional index. 
Poor nutrition status has been associated with 
reduced survival and increased therapy-related 
side effects in patients with acute lympho-
blastic leukemia, acute myelogenous leuke-
mia, rhabdomyosarcoma and osteosarcoma. 
Current guidelines emphasize the practice of 
proactive nutrition therapy so as to avert the 
development of malnutrition, which may 
include the administration of enteral tube 
feeding. Nutrition assessment and interven-
tion is a component of supportive care that 
should be offered throughout the spectrum of 
cancer care to optimize treatment delivery and 
outcomes and improve the quality of life of 
our patients. Here we review the evidence 
basis, consensus guidelines and expert opin-
ion for the management of malnutrition in 
pediatric oncology.  
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12.1         Introduction 

 Nutrition-related pathologies are well described 
and can add to both morbidity and mortality in 
acute or chronic disease. Among children who 
are malnourished, increased infection, reduced 
quality of life, and poor neurodevelopmental and 
growth outcomes have been consistently reported 
in the literature (Brinksma et al.  2012 ). The risks 
associated with malnutrition are more threaten-
ing to children diagnosed with cancer and are 
best exemplifi ed from epidemiologic data from 
low-resource countries in which children often 
present with overt malnutrition at diagnosis (Sala 
et al.  2012 ). After controlling for stage of dis-
ease, these studies have found that poor nutri-
tional status correlates with reduced survival and 
adherence to therapy in children and adolescents 
(Sala et al.  2012 ). Remediation of malnutrition 
upon diagnosis in low-resource settings has been 
one of many strategies leading to improved sur-
vival rates for children with cancer (Antillon 
et al.  2013 ). Retrospective studies performed in 
high-resource countries have also found that 
nutritional status may affect outcomes as well as 
therapy-related toxicities (Lange et al.  2005 ; 
Hingorani et al.  2011 ; Burke et al.  2013 ; Orgel 
et al.  2014 ). These studies underscore the impor-
tance of directing attention and resources toward 
managing and, ideally, preventing malnutrition to 
ensure maintenance of adequate growth and 
development, improve well-being, and provide 
children with the best odds for survival. 

 The prevalence of malnutrition has been well 
documented in the medical literature; however, 
the degree (mild to severe) and pattern (at diag-
nosis or developing over the course of therapy) of 
poor nutrition will largely depend on the diagno-
sis, stage of disease, socioeconomic status and 
therapy intensivity (Ladas et al.  2005 ; Brinksma 
et al.  2012 ). Malnutrition is classifi ed as both 
undernutrition and overnutrition. Undernutrition 
is insuffi cient intake to support the body’s 
requirements whereas overnutrition is excessive 
intake of nutrients leading to an oversupply of 
both macro- and micronutrients. Historically, 
malnutrition in children with cancer was focused 
on undernutrition; recent evidence suggests that 

children and adolescents with cancer and con-
comitant overnutrition are also at risk for nutrient 
depletion and other related morbidities. 

 The severity of either undernutrition or over-
nutrition has been associated with the type of 
malignancy and degree of tumor involvement. 
Malnutrition frequently develops over the course 
of treatment due to therapy-related side effects 
and complications (Mosby et al.  2009 ). 
Malnutrition is most frequently seen at diagnosis 
in patients with advanced solid tumors such as 
neuroblastoma, Wilms tumor, rhabdomyosar-
coma and bone sarcoma (Table  12.1 ) (Ladas et al. 
 2005 ). In low-resource countries, undernutrition 
is often associated with socioeconomic condi-
tions that lead to delay in obtaining medical care 
in combination with an inadequate intake of calo-
ries and protein. During therapy, malnutrition 
may be exacerbated by complex interactions 
between the host, tumor and treatment regimen 
as well as concomitant psychological factors.

   The importance of adequate nutritional status 
is best exemplifi ed by recent studies document-
ing the effect of poor nutrition on therapy-related 
toxicities, survival and adherence to medical 
care. Recent studies performed in homogenous 
patient populations with fairly large sample 
sizes have addressed some of the weaknesses of 
earlier studies. Although most of the studies were 
retrospective reviews, signifi cant relationships 

    Table 12.1    Risk factors for malnutrition in pediatric 
oncology patients   

 Malnutrition or evidence of cachexia present at 
diagnosis 
 Highly emetogenic chemotherapeutic regimens 
 Treatment regimens associated with severe GI 
complications such as constipation, diarrhea, loss of 
appetite, mucositis, enterocolitis (i.e., treatment of 
sarcomas, non-Hodgkin lymphoma, brain tumors) 
 Relapsed disease 
 Age <2 months 
 Radiation to the head and neck or abdomen 
 Postsurgical complications such as prolonged ileus or 
short gut syndrome 
 HSCT 
 Low socioeconomic status 

   GI  gastrointestinal,  HSCT  hematopoietic stem cell 
trans plantation  
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between nutritional status, toxicity and outcome 
have been reported. In one of the fi rst studies 
conducted in 768 children with acute myeloid 
leukemia (AML), body mass index (BMI) per-
centile at diagnosis was associated with reduced 
survival (Lange et al.  2005 ). After controlling for 
age, race, leukocyte count, cytogenetics and stem 
cell transplantation, underweight patients had a 
trend toward decreased survival (HR 1.85, 95 % 
CI 1.19–2.87,  p  = 0.06) and were more likely to 
experience treatment-related mortality (HR 2.66, 
95 % CI 1.38–5.11,  p  = 0.03) while overweight 
patients were less likely to survive (HR 1.88, 
95 % CI 1.25–2.83,  p  = 0.02) and also had 
increased treatment-related mortality (HR 3.49, 
95 % CI 1.99–6.10,  p  < 0.001) (Lange et al. 
 2005 ). In another large study of 498 pediatric 
osteosarcoma patients, Hingorani et al. ( 2011 ) 
reported an association between low BMI at the 
start of treatment with increased postoperative 
wound infection as well as signifi cant increased 
risk of arterial thrombosis in children with over-
nutrition. A retrospective review conducted 
among 4,260 children with acute lymphoblastic 
leukemia (ALL) found a hazard ratio of 1.29 
(95 % CI 1.02–1.56,  p  = .04) for relapse in those 
with obesity, most prominent in the preteenage 
and adolescent years (Butturini et al.  2007 ). More 
recently, a retrospective study exploring the 
effect of nutritional status at diagnosis and 
throughout therapy in children with high-risk 
ALL found that those who remained malnour-
ished for the majority of treatment experienced 
increased toxicity and reduced survival 

(Orgel et al.  2014 ). Remediation of malnutrition 
reduced the risk of toxicity and improved sur-
vival; similar observations have been reported in 
children residing in Central America (Antillon 
et al.  2013 ; Orgel et al.  2014 ). 

 Taken together, these studies consistently 
emphasize the importance of timely and effec-
tive nutritional interventions both for those 
 underweight and overweight. Effective nutrition 
intervention appears to minimize the effects of 
malnutrition on therapy-related toxicity and sur-
vival. Increased attention is needed in regards to 
the nutritional evaluation and in management of 
pediatric oncology patients to scientifi cally eval-
uate nutritional interventions and monitor for 
improved outcomes. Here we review the evi-
dence basis for effective measurement and man-
agement of nutritional complications and provide 
graded recommendations (Table  12.2 ).

12.2        Nutrition Assessment 

 Guidelines for the assessment and categorization 
of nutritional status, and criteria for intervention, 
are available to instruct the provision of nutrition 
therapy. Nutrition assessment should commence 
at diagnosis and be carried out during treatment 
as well as into survivorship. As in most aspects of 
clinical medicine, the importance of history and 
physical assessment cannot be underestimated. 
Baseline evaluation should include dietary his-
tory to ascertain the extent of caloric protein 
intake as well as known food aversions, allergies 

   Table 12.2    Graded evidence-based recommendations for nutritional intervention in pediatric oncology patients a    

 Clinical scenario  Recommendations  Level of evidence b  

 Undernutrition  Dietary counseling  1C 
 Nutritionally fortifi ed drinks (see Table  12.4 )  1C 
 Medium-chain triglyceride oil  1C 
 Appetite stimulants  2C 
 Enteral tube feeding  1A 
 Parenteral nutrition avoided when possible  1A 

 Severe immunosuppression  Data are lacking to recommend neutropenic or low 
microbial diets 

 2C 

 Overnutrition  Dietary and lifestyle counseling  1C 

   a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  
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and intolerance. Clinical evaluation includes 
appropriate anthropometric and biochemical 
measurements (Table  12.3 ).

   Practically, weight is the measurement most 
frequently ascertained and followed. Assessments 
based on weight alone can be misleading, espe-
cially in the acutely ill patient when fl uid balance 
may be disturbed, particularly by the presence of 
edema or mass disease. Additionally, weight may 
be maintained but lean body mass can be dimin-
ished. This situation may arise in the patient who 
is obese at the onset of treatment. BMI (calculated 
as weight [kg]/height squared [m 2 ]) is recom-
mended for monitoring growth in children and 
adolescents and has to be interpreted relative to 
population reference data due to changes with age 
and differences between genders. BMI is consid-
ered a better proxy for body fat and lean body 
mass compared to weight alone; however, it is not 
without limitations, such as in those with increased 
muscle mass (Mosby et al.  2009 ). For children 
<2 years of age, ideal body weight (IBW) should 
be monitored. Mid-upper-arm  circumference and 
triceps skinfolds provide the best estimate of lean 
body mass and adipose tissue and should prefera-
bly be undertaken by the same trained observer 
due to interobserver variability (Barr et al.  2011 ). 

 Repeat nutrition assessment during therapy is 
required to detect changes in nutritional status 
due to treatment or complications of treatment 
which may necessitate nutritional interventions. 
Assessment of hospitalized patients is usually 
undertaken by the dietician or nutritionist and 
occurs as per institutional guidelines and ideally 
during each admission, especially in those at high 
risk for nutritional depletion (Table  12.1 ). The 

use of nutrition software to calculate protein and 
calories may be benefi cial to the clinician. For 
outpatients, the maintenance of a nutritional 
diary of variety and quantity of foods and supple-
ments taken is a valuable aid for the dietician to 
ascertain if the patient is nutritionally replete. 
Several methods of gathering data can be uti-
lized; 24-h dietary recall conducted on nonse-
quential days or a 3–5-day food record is most 
optimal for dietary consultation. 

 Biochemical assessments need to be interpreted 
carefully as some proteins can also be acute-phase 
reactants and give spurious values. Any condition 
that can alter rate of protein synthesis, degrada-
tion, or excretion may alter serum protein concen-
tration. Albumin and prealbumin are most 
frequently used as nutrition assessment tools, the 
latter of which is a better indicator of the acute 
state due to its shorter half-life. Biochemical labo-
ratory assessment should include liver function, 
renal function, lipid panel and glucose to deter-
mine if dietary modifi cation is required; the clini-
cian must be cognizant that values may be altered 
due to cancer therapy or concurrent infection. For 
example, L-asparaginase inhibits liver protein syn-
thesis and a very low-fat diet (i.e., <10 g fat/day) is 
often required due to asparaginase side effects. 
Similarly, glucose levels must be followed in 
patients receiving high- dose steroids such as ALL 
induction. Dietary intervention helps in maintain-
ing adequate nutrition so that chemotherapy can 
continue at the appropriate dose and schedule and 
to mitigate potential side effects. 

 During cytotoxic therapy and with episodes of 
sepsis, the pediatric cancer patient undergoes a 
catabolic state with nutrient depletion. Decreased 

   Table 12.3    Components of the nutritional assessment   

 Basic anthropometrics  Advanced anthropometrics  Biochemical indices 

 Weight  Body composition assessment  Albumin 
 Height/length   Isotope dilution methods  Prealbumin 
 Head circumference (<3 years of age)   Bioelectric methods  Glucose 
 Weight for height/length    Absorptiometry methods (DPA 

and DEXA) 
 Lipid panel 

 BMI  Renal panel 
 Height and weight  Z  score  C-reactive protein 
 Triceps skinfold  Vitamin and trace elements 
 Arm circumference 
 Waist circumference 

   BMI  body mass index,  DPA  dual-photon absorptiometry,  DEXA  dual-energy X-ray absorptiometry  
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intake of micronutrients has been reported follow-
ing chemotherapy and may be associated with 
therapy-related toxicity (Ladas et al.  2004 ). For 
example, reduced intake of B vitamins may be 
associated with the development of neuropathy; 
zinc, important in both immune function and 
mucosal integrity, has been associated with 
increased infection and dysgeusia (altered taste); 
reduced  antioxidant nutrients may be associated 
with infection and increased hospital stay; and 
reduced intake of vitamin D and calcium may 
increase bone morbidity in children with ALL 
(Henkin et al.  1976 ; Mahajan et al.  1980 ; Bolze 
et al.  1982 ; Watson et al.  1983 ; Kennedy et al. 
 2004 ; Ozyurek et al.  2007 ; Youssef et al.  2008 ; 
Tylavsky et al.  2010 ). Thus, a thorough analysis of 
dietary intake should accompany anthropometric 
and biochemical assessments.  

12.3     Nutrition Intervention 

 The primary goal of nutritional therapy in the 
pediatric oncology population is to sustain and 
promote normal growth and development while 
the patient is receiving the necessary anticancer 
treatments. Nutrition interventions should be pro-
active to prevent the development of malnutrition. 
If malnutrition develops, nutrition interventions 
should be implemented to reverse malnutrition 
and, secondarily, to prevent future protein-energy 
malnutrition. The most appropriate interventions 
must meet the nutritional needs of the child but be 
associated with the least risk. Nutrition counsel-
ing and education should be provided to the fam-
ily with awareness of cultural differences in 
nutritional practice. The utilization of a dietitian 
or nutritionist to provide and support the educa-
tion of healthcare staff, patient families, and 
patients is a crucial component of optimal nutri-
tion care in pediatric oncology (Sacks et al.  2004 ). 
Nutritional intervention should be implemented 
in the following  situations: (1) patients who pres-
ent underweight (i.e., BMI <5th %ile or <70 % 
IBW); (2) patients who present overweight (i.e., 
BMI >95th %ile or IBW >120 %); (3) patients not 
meeting >80 % of their caloric requirements 
through oral intake during treatment; and (4) 
>5 % weight loss from baseline body weight. 

12.3.1     Dietary Counseling 

 Nutrition counseling should begin with strategies 
to enhance dietary consumption, such as through 
the utilization of nutrient dense foods. Oral intake 
may be diffi cult for many children and adoles-
cents undergoing treatment due to treatment- 
related toxicities such as severe nausea, vomiting, 
stomatitis, constipation, and diarrhea but should 
be offered as an initial strategy before advancing 
to enteral or parenteral nutrition. Nutritionally 
fortifi ed drinks should be recommended for 
patients unable to consume food. Pediatric for-
mulations such as Boost®, PediaSure®, and 
Ensure® can augment oral intake, and other for-
mulations may be provided to ensure adequate 
electrolyte balance (Table  12.4 ). Medium- chain 
triglyceride (MCT) oil may complement feeding 
strategies by increasing total calories in a readily 
absorbable formulation.

   Special diets, such as the neutropenic diet or low 
microbial diet, have been suggested for severely 
immunosuppressed patients such as those treated 
with hematopoietic stem cell  transplant (HSCT) to 
minimize the introduction of pathogenic organisms 
into the gastrointestinal (GI) tract (Moody et al. 
 2002 ). Adherence to these diets is diffi cult and pro-
vides further restraints on dietary intake. Clinical 
trials performed in adults and children with cancer 
have found that the neutropenic diet is not associ-
ated with reduced risk of infection and does not 
offer an added benefi t over food safety guidelines 
alone (Moody et al.  2006 ; Gardner et al.  2008 ). 
Current standards of practice should consider the 

     Table 12.4    Commonly used nutritional supplements   

 Oral 
 High-calorie 
oral  Enteral 

 Boost®  Boost® Plus  PediaSure® with/
without fi ber 

 Carnation® Instant 
Breakfast 

 Ensure® Plus  Jevity® 

 Compleat® 
Pediatric 

 PediaSure® 1.5  Nutren® 1.5/2.0 

 Ensure®  Resource® 2.0  Osmolite® 
 PediaSure® with/
without fi ber 

 Peptamen® 

 Nutren Junior® 
with/without fi ber 
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lack of evidence supporting a neutropenic diet as an 
 augmentation to food safety guidelines (Table  12.5 ) 
prior to recommending it to patients at risk for 
severe immunosuppression.

12.3.2        Appetite Stimulants 

 Appetite stimulants may augment dietary intake 
although consistent evidence is lacking regarding 
effi cacy and the side effect profi le must be consid-
ered (Ladas et al.  2005 ). Both Orme et al. ( 2003 ) 
and Cuvelier et al. ( 2013 ) reported signifi cant 
weight gain with megestrol acetate although with 
common severe adrenal suppression. A study of 
66 evaluated pediatric oncology patients showed 
modest but signifi cant weight gain with cypro-
heptadine hydrochloride with the main reported 
side effect being drowsiness (Couluris et al. 
 2008 ). Additional agents utilized include canna-
binoids such as dronabinol as well as mirtazapine, 
a noradrenergic and serotonergic antidepressant. 
Systematic studies on the benefi t of these agents 
and their comparative side effects are lacking.  

12.3.3     Enteral Tube Feeding 

 Enteral tube feeding (TF) should be initiated when 
oral intake is inadequate to support growth or nutri-
tional repletion in the child with cancer. Patients 
eligible for TF must have an intact GI tract. Enteral 
feeding has numerous advantages over total paren-
teral nutrition (TPN) including maintenance of GI 
mucosal function, cost- effi ciency, and avoidance 
of TPN complications including bacterial infec-
tion, thrombosis, hepatic toxicity, cholestasis, and 
metabolic derangements (den Broeder et al.  1998 ; 
Nevin-Folino and Miller  1999 ). TF also offers the 
benefi t of medication administration without oral 
ingestion. Despite these benefi ts, hesitation 
remains in the provision of TF in the medical com-
munity (Ladas et al.  2006 ). TF is often presented as 
a punishment for not eating. Concerns arise from 
patients (especially adolescents) and families due 
to the perceived inconvenience, discomfort and 
poor body image associated with the placement of 
a nasogastric tube. To optimize acceptance, TF 

should be proposed as a positive intervention mea-
sure that is part of a comprehensive supportive care 
plan to aid in overall patient well-being. 

 Multiple studies in pediatric oncology patients 
have demonstrated that TF is successful in main-
taining adequate nutritional status and reversing 
malnutrition (Aquino et al.  1995 ; Mathew et al. 
 1996 ; den Broeder et al.  1998 ; Deswarte-Wallace 
et al.  2001 ; Bakish et al.  2003 ; Ladas et al.  2005 ). 
Moreover, TF appears feasible and safe in patients 
with mucositis, severe neutropenia and thrombocy-
topenia. DeSwarte-Wallace et al. ( 2001 ) evaluated 
the use of TF in a pediatric oncology population 
during and after intensive oncologic treatment and 
demonstrated that most children tolerate TF with-
out signifi cant vomiting or diarrhea. The investiga-
tors concluded that TF is a safe and cost-effective 
intervention in pediatric patients receiving dose-
intensive  chemotherapy. Pietsch et al. ( 1999 ) eval-
uated TF in children receiving intensive 
chemotherapy ( n  = 14) or HSCT ( n  = 3) and found 
TF was well tolerated with minimal complications, 
including risk of emesis and tube dislodgment, at a 
substantial cost saving compared to TPN. Finally, 
32 children with solid tumors were administered 
TF during the most intensive phase of therapy; TF 
was well tolerated and improved weight among the 
patients (Den et al.  2000 ). An association between 
TF and reduction in non- leukopenic infection was 
also observed ( p  = .009) (Den et al.  2000 ). Taken 
together these small studies lend support to the 
benefi ts of TF on nutritional status and possibly 
therapy-related toxicities. 

 Depending on the tolerability of TF and 
amount of oral intake, TF can commence as bolus 
feeds, nocturnal continuous feeds, nocturnal con-
tinuous feeds with bolus feeds during the day or 
as continuous drip-feeds. The clinical aim of TF 
is to supply the required nutrient intake of both 
macro- and micronutrients as described in the 
Dietary Reference Intakes (DRIs) (Otten et al. 
 2006 ). The DRIs are designed to guide health 
professionals in determining the dietary needs of 
each individual patient; recommendations by age 
and gender are available at the United States 
Department of Agriculture website (  http://fnic.
nal.usda.gov/dietary-guidance/dietary-reference-
intakes/dri-tables    ). 
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   Table 12.5    Food safety practices a    

 Food shopping 
  1.  Check expiration dates on food and do not buy or use if the food is out of date. 
  2.  Do not purchase ready-to-eat food from bulk food bins (i.e., breads, nuts, dried fruit, candies). 
  3.  Avoid all food in cans that are swollen, dented or damaged. 
  4. Avoid produce that is bruised or damaged. 
  5.  Bag fresh fruits and vegetables separately from meat, poultry and seafood products. 
 Food storage 
  1.  Store perishable fresh fruits and vegetables (i.e. cucumbers, tomatoes) in a clean refrigerator at a temperature 

of 40 °F or below. 
  2.  Refrigerate all produce that is purchased pre-cut or peeled. 
  3.  Beef should be refrigerated at 40 °F and used within two days. Beef can be frozen at 0 °F and used within 

6 months of the purchase date. 
 Food preparation 
  1.  Wash hands with water and soap for 20 s before and after any food preparation. 
  2.  Wash fruits or vegetables under running water even if you are going to peel them. Do not use soap, bleach or 

commercial produce washes to clean fruit. 
  3.  Dry produce with a clean cloth towel or paper towel. This will reduce the spread of bacteria. Do not wash meat, 

poultry or eggs. 
  4.  Defrost all meats in the refrigerator. Do not defrost at room temperature. 
  5.  Food-preparation surfaces must be cleaned fi rst. Wash surfaces thoroughly with soap and water and thoroughly 

dry. As an extra precaution, you can use a solution of one tablespoon unscented, liquid chlorine bleach in one 
gallon of water to sanitize washed surfaces and utensils. 

  6.  Wash cutting boards, dishes, utensils and counter tops with hot, soapy water after preparing each food item and 
before you go on to the next item. 

 Cooking 
  1. Cook foods immediately after thawing. 
  2.  All raw foods such as meats, poultry and entrees should be cooked until they are well-done. Beef should be 

cooked to 160 °F, depending on the cut. Chicken should be cooked to an internal temperature of 165 °F. Cold 
foods should be stored <40 °F, hot foods kept >140 °F. A home thermometer may help. 

 Storage of cooked foods 
  1.  Store leftovers within 2 h. By dividing leftovers into several clean, shallow containers, you’ll allow them to 

chill faster. Discard leftovers that were kept at room temperature for greater than 2 h. 
  2.  Perishable foods (fruits, vegetables, meat, dairy) should be put into the fridge or freezer within 2 h. In the 

summer months, cut this time down to 1 h. 
  3.  Do not use leftovers prior to reheating to >165 °F before serving. 
 Baby food/infant formula 
  1.  Never put baby food in the refrigerator if the baby doesn’t fi nish it. Do not feed your baby directly from the jar 

of baby food. Instead, put a small serving of food on a clean dish and refrigerate the remaining food in the jar. 
If the baby needs more food, use a clean spoon to serve another portion. Throw away any food in the dish that’s 
not eaten. If you do feed a baby from a jar, always discard any remaining food. 

  2.  Prepare safe water for preparing formula. Bring tap water to a roiling boil and boil it for 1 min. If you use 
bottled water, follow this same process. Cool the water to body temperature before mixing formula. 

  3.  Sterilize bottles and nipples before fi rst use. After that, wash them by hand or in a dishwasher. 
  4.  Formula can become contaminated during preparation, and bacteria can multiply quickly if formula is 

improperly stored. Prepare formula in smaller quantities on an as-needed basis to greatly reduce the possibility 
of contamination. Always follow the label instructions for mixing formula. 

  Additional information may be found at www.foodsafety.gov.
 a Select recommendations from the United States Federal Drug Adminis tration’s Clean, Separate, Cook and Chill.  
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 Considerations in determining the type of for-
mula, volume of feeds, and schedule should 
include the patient’s oral intake, sleep patterns, 
lifestyle, food allergies/intolerances, and GI con-
ditions that affect dietary intake. Continuous feed-
ing schedules are generally better tolerated than 
intermittent bolus feeds. Nocturnal continuous 
feeds allow the patient to attempt normal feeding 
during the day while ensuring the necessary pro-
portion of nutrients are being delivered via 
TF. Daytime continuous feeds may be initiated on 
days when children are unable to consume signifi -
cant oral intake. TF allows the family fl exibility 
with the child’s feeding schedule while continu-
ing to support oromotor developmental skills and 
a more normal lifestyle. Continuous feeds are the 
preferred schedule in patients at high risk for nau-
sea and vomiting, constipation, or diarrhea. If fre-
quent vomiting continues to occur with continuous 
TF, post-pyloric feedings may help improve toler-
ance (Sacks et al.  2004 ; Ladas et al.  2005 ). 

 The choice of formula will depend on the clini-
cal condition of the patient. In most cases, a stan-
dard milk-based formula with or without fi ber may 
be used to initiate TF (Table  12.4 ). Unfl avored for-
mulas have a lower osmolarity than fl avored prod-
ucts, are better tolerated and should preferentially 
be used for TF. In patients with lactose intolerance, 
a soy-based or lactose- free formula should be used. 
Elemental formulas are ideal for patients with GI 
infl ammation or malabsorption. Modifi cation of 
the chosen formula may be necessary in patients 
with underlying GI problems if with intolerance to 
the current formula, persistent constipation or diar-
rhea, or stomach pain. Continuous TF should be 
initiated with a full-strength formula at 1–2 mL/
kg/h and increased by 1–2 mL/kg/h as tolerated 
until the goal rate is achieved (Sacks et al.  2004 ; 
Ladas et al.  2005 ). Elevating the head of the bed to 
>30° during and after TF and using prokinetic 
medications such as metoclopramide, erythromy-
cin or cisapride (not available in the United States) 
may assist with reducing high gastric residuals 
caused by delayed gastric emptying and therefore 
promote digestion (Sacks et al.  2004 ). Feeding 
tubes should be fl ushed before and after feeds or 
the administration of any medication. A solution 
composed of a Viokase TM  enzyme tablet, a 325 mg 
sodium bicarbonate tablet, and 5 mL of warm water 

can be utilized to help unclog the tube by inserting 
the 5 mL solution, clamping the tube for 15–30 min 
and then fl ushing with 20–30 mL of warm water 
(Sacks et al.  2004 ). Utilization of acidic beverages 
such as Coca-Cola or cranberry juice has been uti-
lized but may precipitate the caseinate in formula 
and should not be used. Reevaluation of nutritional 
status and feeding methods for the individual 
patient should be undertaken if feeding problems 
persist and growth is not observed. 

 Side effects associated with TF include diarrhea, 
constipation, abdominal pain and aspiration. 
Although empirically thought to increase the risk of 
infection or mucosal bleeding, feeding tube inser-
tion has been shown safe during periods of mucosi-
tis (Deswarte-Wallace et al.  2001 ). Whether TF is 
tolerated with severe mucositis involving much of 
the GI tract is unclear. Vomiting may occur but is not 
a contraindication to tube reinsertion; passing the 
tube beyond the pyloric valve into the duodenum 
may prevent recurrence. Diarrhea can develop sec-
ondary to hyperosmolar feeds, lactose intolerance or 
refeeding syndrome. Refeeding syndrome can occur 
in the severely malnourished patient who is started 
on feeds at too rapid a rate and consists of diarrhea, 
vomiting and a variety of metabolic disturbances. 

 Criteria for placement of a percutaneous endo-
scopic gastrostomy (PEG) include dysphagia, risk 
of aspiration, intractable vomiting, esophageal 
strictures, cancer of the head and neck, radiation 
to the head, neck or chest, or anticipated long-term 
need for nutritional support. Adequate GI function 
is necessary for PEG insertion (Sacks et al.  2004 ; 
Ladas et al.  2005 ). Infection at the local insertion 
site can occur and careful hygiene is required.  

12.3.4     Parenteral Nutrition 

 Parenteral nutrition (PN) is signifi cantly more 
expensive and offers no clear advantages over 
enteral feeding for those patients with an intact gut. 
PN is required when all attempts for suffi cient 
enteral feeding have failed or are contraindicated. 
Neutropenic enterocolitis, bowel obstruction and a 
nonfunctional GI system are indications for 
PN. The utility of PN has been best demonstrated in 
HSCT recipients who have prolonged gut damage 
due to the chemotherapeutic preparative regimen, 
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graft-versus- host disease or infection (Muscaritoli 
et al.  2002 ). In many HSCT centers, PN is com-
menced either during the preparative conditioning 
regimen or shortly thereafter as routine care with-
out consideration for enteral feeds, although studies 
have shown that enteral feeding is safe and feasible 
in patients undergoing HSCT (Sefcick et al.  2001 ; 
Garofolo  2012 ). When PN is required, an effort 
should still be made to maintain some enteral feed-
ing (unless contraindicated), to help preserve gut 
integrity and function. PN is associated with 
mechanical complications such as increased risk of 
thrombosis or occlusion of the central venous cath-
eter, infection, and GI complications including 
hepatic toxicity, cholestasis, and metabolic abnor-
malities including fl uid and electrolyte imbalance, 
hyperglycemia, and metabolic acidosis (Christensen 
et al.  1993 ; Quigley et al.  1993 ; Lenssen et al.  1998 ; 
Mirtallo et al.  2004 ). Refeeding syndrome can also 
occur in the severely malnourished patient on 
PN. The interaction between PN and the pharmaco-
kinetics and pharmacodynamics of other necessary 
medications remains unclear. It is important that all 
potential drug interactions be considered when pre-
scribing PN in addition to determining which drugs 
can be concurrently administered in the lumen 
infusing PN. 

 Short-term (i.e., 2–3 week) PN is rarely benefi -
cial and should only be considered in those tempo-
rally unable to tolerate enteral feeds. A central 
venous device is required for prolonged PN to avoid 
damage to peripheral veins by high-solute PN solu-
tion. In determining PN requirements, the clinician 
should calculate the required fl uids, calories, pro-
tein, fat, carbohydrates, vitamins and trace elements 
(ASPEN Board of Directors and the Clinical 
Guidelines Task Force  2002 ; National Academy of 
Sciences and Institute of Medicine  2002 ). The 
majority of institutions have strict guidelines for the 
prescribing and monitoring of PN, and close clinical 
and biochemical monitoring is necessary to prevent 
and anticipate complications (Mirtallo et al.  2004 ). 

 PN should be altered or discontinued in 
patients experiencing signifi cant hepatic dysfunc-
tion, cholestasis, severe hyperglycemia or other 
signifi cant metabolic complications. For patients 
on TPN, the transition back to enteral feeding 
requires careful weaning dependent on GI func-
tion. A rapid transition may result in abdominal 

pain, diarrhea and sometimes hypoglycemia. 
Prolonged PN has been associated with sup-
pressed  appetite and  diffi culty resuming adequate 
oral feeding (Charuhas et al.  1997 ). The decision 
to implement and wean PN should be undertaken 
with the advice from a registered dietician or a 
dedicated PN team. PN should not be the routine 
or fi rst option for nutritional intervention in pedi-
atric oncology patients.   

12.4     Nutrition and Survivorship 

 Survivors of childhood cancer are at increased risk 
for many nutrition-related conditions including 
obesity, metabolic syndrome, heart disease, osteo-
penia/osteoporosis and mechanical issues such as 
reduced salivary function which can make eating 
diffi cult (Hudson et al.  2003 ; Oeffi nger and Hudson 
 2004 ; Meacham et al.  2005 ). Due to these risks, 
pediatric oncologists must provide nutritional 
counseling and promote healthy behaviors after the 
completion of therapy to prevent long-term compli-
cations of poor nutrition and a sedentary lifestyle. 

 Not unlike the general population, surveys of 
childhood cancer survivors have found that most do 
not meet recommended dietary guidelines for can-
cer prevention or heart disease and lack a general 
understanding of what constitutes a healthy diet and 
lifestyle. How this potentially impacts the risk of 
secondary malignancy is unknown. In a survey of 
380 childhood cancer survivors, 79 % did not meet 
the guidelines for fruit and vegetable consumption, 
84 % obtained >30 % of their calories from fat and 
only 48 % were meeting exercise guidelines 
(Demark-Wahnefried et al.  2005 ). Robien et al. 
( 2008 ) similarly found that childhood ALL survi-
vors did not adhere to healthy dietary guidelines. 
Again, not unlike the general population, childhood 
cancer survivors reported being too tired (57 %), 
too busy (53 %), fi nding higher fat foods more visu-
ally appealing (58 %), and consuming high-fat 
foods in their social interactions (50 %) the primary 
reasons for an unhealthy diet (Arroyave et al.  2008 ). 

 Practitioners must explore creative means for 
imparting benefi cial dietary and behavioral inter-
ventions for patients beyond the intensive phases 
of therapy. A small, prospective study evaluating 
13 children between 4 and 10 years of age during 
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ALL maintenance therapy explored the  feasibility 
of a 12-month home-based nutrition and exercise 
intervention program, and although the study led 
to improvement in the frequency of physical 
activity ( p  = 0.05), no difference in dietary behav-
iors was observed (Moyer-Mileur et al.  2009 ). 
Due to lack of resources, effective dietary and 
lifestyle interventions remain a poorly studied 
area and emphasize the importance of ongoing 
education; the involvement of family, peers, 
schools and healthcare providers; and the need 
for continued care of childhood cancer survivors. 
The American Institute for Cancer Research 
(  www.aicr.org    ) has published nutrition guide-
lines focused on cancer prevention and are avail-
able for medical providers to review with patients. 
Ideally, dietary counseling should be performed 
by a registered dietician so that strategies for 
behavior modifi cation may be discussed with the 
individual and their families. Additionally, the 
infl uence on dietary choices by gender, ethnicity, 
age and socioeconomic status should be included 
when discussing behavior modifi cation pro-
grams. The use of lifestyle education programs 
has been found to be successful in promoting 
long-term behavior change among adult survi-
vors of cancer (Mosher et al.  2013 ). The effec-
tiveness of such programs in childhood cancer 
survivors is unknown. Until additional research is 
available, current clinical practice should incor-
porate all aspects of lifestyle intervention and 
provide the opportunity for survivors to receive 
continual access to nutrition information specifi -
cally designed for cancer survivors (Table  12.6 ).

12.5        Summary 

 Nutrition assessment and intervention are critical 
components of a pediatric oncology supportive 
care program, both during cancer therapy and 

after the completion of therapy. The inclusion of 
nutrition therapy promotes normal growth and 
development over the course of cancer therapy, 
may improve quality of life, and prevents therapy- 
related toxicities and decreased survival as has 
been shown in patients that are under- and over-
nourished. Nutritional assessment and interven-
tion should be proactive and start at diagnosis and 
must continue well beyond the completion of 
antineoplastic therapy. Although a clear evidence 
basis is lacking for many recommendations, there 
are general indications for nutritional support 
during cancer therapy including the use of nutri-
tional supplements, appetite stimulants, enteral 
tube feeding and parenteral nutrition.     
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    Abstract   

  Potential complications from radiation ther-
apy requiring supportive care measures 
include acute, subacute (also called early 
delayed), and chronic (late delayed) entities 
and are directly related to the site of radiation, 
subsequent dose, and volume of tissue 
exposed. Here we specifi cally concentrate on 
acute and, to a lesser extent, subacute issues. 
Data in children, especially of a prospective 
nature, are quite limited, and therefore we rely 
on extrapolation of data from adult studies 
which may or may not include pediatric 
patients. Studies on simple and widely utilized 
historical treatment strategies are often lack-
ing; therefore, reference to clinical practice 
guidelines is made where possible. Radiation 
toxicity is examined in a site- and dose- 
dependent fashion with a discussion of sup-
portive care evidence to date and 
recom  mendations on evidence-based treat-
ment guidelines, where available.  
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13.1         Introduction 

 Potential complications from radiation therapy 
(RT) requiring supportive care measures include 
acute, subacute (also called early delayed), and 
chronic (late delayed) entities and are directly 
related to the site of RT, subsequent dose, and vol-
ume of tissue exposed (Keime-Guibert et al.  1998 ; 
New  2001 ; Rinne et al.  2012 ). Here we will spe-
cifi cally concentrate on acute and, to a lesser 
extent, subacute issues such as somnolence and 
xerostomia. With increasing survival from pediat-
ric cancer diagnoses, the practitioner must be cog-
nizant of late effects of RT, especially risk of 
secondary malignancy; these topics are beyond 
the scope of this review. RT leads to direct DNA 
damage, and thus those cells which are rapidly 
dividing (i.e., skin, orogastrointestinal mucosa, 
hematopoietic cells) are most likely to face acute 
toxicity (Chopra and Bogart  2009 ). Such acute 
toxicity will often resolve with supportive care 
measures alone, unlike chronic etiologies which 
may never completely repair. Data in children, 
especially of a prospective nature, are quite lim-
ited, and therefore we will rely on extrapolation of 
data from adult studies which may or may not 
include pediatric patients. Studies on simple and 
widely utilized historical treatment strategies may 
be lacking in some cases; therefore, recommenda-
tions will be provided based on consensus state-
ments in addition to evidence-based guidelines. 

 The increasing use of intensity-modulated 
radiation therapy (IMRT) and stereotactic frac-
tionated radiation therapy (SFRT) allows the 
radiation oncologist to limit toxicities seen previ-
ously with external beam radiation therapy 
(EBRT) (Salvo et al.  2010 ; McQuestion  2011 ). 
The Radiation Therapy Oncology Group (RTOG) 
provides a grading system for both acute and late 
radiation morbidity which will provide a basis for 
our recommendations (Cox et al.  1995 ). In many 
cases these grading criteria are parallel to that 
provided in the National Cancer Institute’s 
Common Terminology Criteria for Adverse 
Events (CTCAE) (Trotti et al.  2003 ). Of note, per 
the RTOG scoring criteria, acute toxicity is lim-
ited to the fi rst 90 days after the commencement 
of RT; generally though, acute toxicity is defi ned 
as side effects during RT and early-delayed toxic-

ity can be up to 6 months postirradiation 
(Soussain et al.  2009 ). RT toxicity will be exam-
ined in a site- and dose-dependent fashion with a 
discussion of supportive care evidence to date 
and recommendations on evidence-based treat-
ment guidelines, where available (Table  13.1 ).

13.2        Hematologic Toxicity 

 In a retrospective cohort of adult patients, 
MacManus et al. ( 1997 ) showed the most signifi -
cant risk factors for neutropenia and thrombocyto-
penia were concurrent use of myelosuppressive 
chemotherapy as well as increasing percentage of 
marrow irradiated. They specifi cally describe that 
the odds ratio for myelosuppression increases for 
each additional 20 % of marrow irradiated. Children, 
unlike adults, have functional bone marrow in the 
appendicular skeleton, although the axial skeleton is 
most prominent with the pelvis and vertebrae serv-
ing the largest roles (Mauch et al.  1995 ). Pediatric 
protocols generally recommend treatment interrup-
tion for ANC between 0.3–0.5 × 10 9 /L and platelet 
counts between 25–50 × 10 9 /L. 

13.2.1     Management of Neutropenia 

 The use of myeloid colony-stimulating factors 
(CSFs), specifi cally fi lgrastim (granulocyte 
colony- stimulating factor; G-CSF), pegfi lgrastim, 
and granulocyte-macrophage colony- stimulating 
factor (GM-CSF), in the management of neutro-
penia during RT, whether resulting from radiation, 
concurrent chemotherapy, or both, is controversial. 
The 2006 American Society of Clinical Oncology 
(ASCO) guidelines for the use of CSFs make no 
specifi c recommendation with regard to pediatric 
patients receiving RT (Smith et al.  2006 ). The only 
 specifi c mention of  radiotherapy in these guide-
lines is a caution with concomitant use of CSFs, 
chemotherapy, and radiotherapy to the mediasti-
num due to a single adult trial in lung cancer 
patients which showed a highly signifi cant increase 
in severe thrombocytopenia and pulmonary toxic 
deaths in the cohort receiving GM-CSF (Bunn 
et al.  1995 ). By contrast, the European Society for 
Medical Oncology (ESMO) released guidelines in 
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2009  recommending primary prophylaxis with 
CSFs in high- risk situations including ANC 
<1.5 × 10 9 /L due to radiotherapy of >20 % of the 
bone marrow (Crawford et al.  2009 ). 

 Small adult studies have shown a decrease in RT 
treatment interruption secondary to neutropenia 
with the use of G-CSF; yet, what effect, if any, this 
had on local control and outcome are unclear 
(MacManus et al.  1993 ,  1995 ; Fyles et al.  1998a ; 
Su et al.  2006 ; Kalaghchi et al.  2010 ). Larger meta-
analyses on the use of G-CSF after chemotherapeu-
tic regimens and hematopoietic stem cell transplant 
(HSCT) have failed to show an improvement in 
overall survival and transplant- related mortality 

(Dekker et al.  2006 ; Sung et al.  2007a ; Center for 
International Blood and Marrow Transplant 
Research et al.  2009 ). A potential benefi t in mor-
bidity from radiation- induced neutropenia is 
unclear although no study has shown any signifi -
cant risk or toxicity with the use of CSFs beyond 
bone pain and local reactions. Similarly, there are 
no data in regard to the timing of CSF delivery; for 
instance, CSFs could be used as primary prophy-
laxis to prevent the development of neutropenia in 
high-risk cases or secondarily to treat neutropenia 
once it has occurred. Current pediatric treatment 
protocols suggest the use of CSFs in both such 
cases. See Chap.   15     for more detail on CSF usage.  

   Table 13.1    Summary of management strategies and level of evidence for common acute and subacute pediatric 
radiation- induced toxicities a    

 Organ  RT side effect  Treatment 
 Level of 
evidence b  

 Hematologic  Neutropenia  Consider G-CSF (see Chap.   15     for more detail)  1C 
 Thrombocytopenia  Platelet transfusion  1C 
 Anemia  Red blood cell transfusion; erythropoietin (EPO)-

stimulating agents should not be utilized 
 1C 

 Skin  Dermatitis  Lotion, topical steroid 0.1 % mometasone furoate to 
prevent/treat irritation/pruritus; other treatments or no 
therapy may be equally effi cacious 

 2C 

 Moist desquamation  Hydrocolloid/hydrogel dressings for comfort  2C 
 Ulceration/necrosis  Referral to wound care specialist  1C 

 CNS  Somnolence syndrome  Dexamethasone 4 mg/m 2 /day until improvement in 
symptoms 

 1C 

 Head and neck  Oral mucositis  Pain management with morphine PCA, fl uid and 
nutritional assessment; benzydamine, LLLT, and 
palifermin not yet recommended (see Chap.   11     for more 
detail) 

 1C 

 Xerostomia  IMRT for salivary gland sparing; oral mucosal lubricants/
salivary substitutes; consider pilocarpine, acupuncture 

 1C 

 Gastrointestinal  Esophagitis  Supportive care with nutritional assessment and H 2  
blocker or PPI for GER; consider promotility agent, 
rule out infectious etiologies 

 1C 

 Nausea/vomiting  Supportive care with nutritional assessment; 5-HT 3  
receptor antagonist ± dexamethasone (see Chap.   10     for 
more detail) 

 1C 

 GI mucositis  Bowel care and nutritional assessment; loperamide for 
diarrhea; atropine or octreotide for refractory cases; 
 Lactobacillus  spp. or sulfasalazine not yet recommended 

 1C 

 Lung  Pneumonitis  Antitussive; prednisone 1–2 mg/kg/day  2C 
 Bladder  Cystitis  Anesthetic agents (e.g., pyridium) and antispasmodics 

(e.g., oxybutynin); copious bladder irrigation for 
hemorrhagic cystitis, consider HBO or intravesical therapy 

 1C 

   RT  radiation therapy,  GCSF  granulocyte colony-stimulating factor,  CNS  central nervous system,  PCA  patient-controlled 
analgesia,  LLLT  low-level laser therapy,  IMRT  intensity-modulated radiation therapy,  PPI  proton pump inhibitor, 
 GER  gastroesophageal refl ux,  GI  gastrointestinal,  HBO  hyperbaric oxygen 
  a See text for full detail 
  b Per Guyatt et al. ( 2006 ); see Preface  
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13.2.2     Management 
of Thrombocytopenia 

 Platelet transfusion remains the mainstay of 
treatment for radiation-induced thrombocytope-
nia. Guidelines are lacking in both the adult and 
pediatric literature as to what the appropriate 
threshold for platelet transfusion should be and 
thus transfusion criteria are variable between 
pediatric institutions, clinicians, and chemothera-
peutic protocols (Wong et al.  2005 ). Clinicians 
should take into account potential risk factors 
which will help aid in the determination of an 
appropriate platelet threshold. For instance, fever, 
minor bleeding, coagulopathy and mucositis are 
potential clinical complaints which might 
increase the platelet transfusion threshold from 
10 × 10 9 /L to 20–50 × 10 9 /L though evidence-
based data are lacking. From a radiation stand-
point, radiation fi elds with a high degree of 
marrow involvement such as a pelvic or cranio-
spinal fi eld or those fi elds potentiating the risk of 
mucositis should also increase platelet  transfusion 
thresholds from 10 × 10 9 /L to 30–50 × 10 9 /L 
though evidence-based data are lacking. Close 
monitoring and clinical judgment are warranted. 

 Thrombopoietin receptor agonists (TPO-RAs) 
including eltrombopag and romiplostim have 
recently been approved in adults for  multiple indi-
cations including chemotherapy-induced throm-
bocytopenia (Bussel et al.  2006 ). As yet, very 
limited data are available on their effi cacy for 
chemotherapy-induced thrombocytopenia and no 
pediatric data are available (Basciano and Bussel 
 2012 ). It is unclear if TPO-RAs will prove benefi -
cial after chemotherapy- and secondarily after 
RT-induced thrombocytopenia. Additionally, con-
cerns remain in regard to the safety of these agents 
specifi cally in pediatric patients due to reports of 
thrombocytosis, thrombosis, tumor/leukemia cell 
growth and bone marrow fi brosis (Kuter  2007 ; 
Gernsheimer  2008 ; Basciano and Bussel  2012 ).  

13.2.3     Management of Anemia 

 Hypoxia in solid tumors, especially head and 
neck, uterine cervix, and bladder cancers, and 

possibly soft tissue sarcomas, has been shown 
to be an important component in the decreased 
effectiveness of RT to promote tumor cell 
death (Dische et al.  1983 ; Overgaard and 
Horsman  1996 ; Fyles et al.  1998b ; Brizel et al. 
 1999 ; Vaupel et al.  2001 ; Dunst et al.  2003 ; 
Pinel et al.  2003 ; Harrison and Blackwell  2004 ; 
Nordsmark and Overgaard  2004 ; Nordsmark 
et al.  2005 ; Overgaard  2007 ). Causes for tumor 
hypoxia are multifactorial and include abnor-
malities in tumor microvasculature, increased 
diffusion distances and underlying anemia 
(Vaupel et al.  2001 ; Vaupel and Harrison 
 2004 ). In normal cells, tissue hypoxia eventu-
ally leads to cell death while tumor cells have 
adapted cellular pathways, such as by upregu-
lation of hypoxia-inducible factor 1 (HIF1), to 
allow for survival and growth in such condi-
tions (Harris  2002 ; Dewhirst et al.  2008 ). 
Tumor hypoxia has independently been shown 
to be a poor prognostic factor representing an 
aggressive phenotype (Brizel et al.  1999 ; 
Harris  2002 ; Harrison and Blackwell  2004 ; 
Vaupel and Harrison  2004 ; Nordsmark et al. 
 2005 ; Vaupel  2008 ). 

 Determining what role underlying anemia has 
in tumor tissue hypoxia is as yet to be fully 
understood. Brizel et al. ( 1999 ) showed that even 
in non-anemic patients, 50 % of tumors were 
still poorly oxygenated. Studies in patients with 
head and neck and uterine cervix cancers under-
going radiation therapy have shown that patient 
outcomes are worse with underlying anemia 
(Grogan et al.  1999 ; Thomas  2001 ; Dunst et al. 
 2003 ; Prosnitz et al.  2005 ; Hoff et al.  2011 ). Yet, 
it is not well understood whether anemia causes 
poor outcomes secondary to the ineffectiveness 
of therapy or, plausibly, is a marker of tumor 
aggressiveness and the severity of the underlying 
disease (Harrison and Blackwell  2004 ; Prosnitz 
et al.  2005 ; Hoff et al.  2011 ). Effectiveness of 
transfusion was mixed with Grogan et al. ( 1999 ) 
and Thomas ( 2001 ) showing that transfusion 
could overcome negative pretreatment and aver-
age weekly nadir hemoglobin during radiother-
apy for cervical cancer, while Hoff et al. ( 2011 ) 
showed no improvement in outcomes based on 
transfusion for patients with head and neck 
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 cancers. Nordsmark et al. ( 2005 ) showed that 
tumor hypoxia, independent of hemoglobin con-
centration, was singularly associated with poor 
outcomes in adult patients with head and neck 
cancers. 

 Multiple xenograft studies have shown a 
potential benefi t with the use of erythropoietin 
(EPO)-stimulating agents (ESAs) to increase 
tumor radiosensitivity and potentially improve 
patient outcomes (Pinel et al.  2003 ; Stüben et al. 
 2003 ; Ning et al.  2005 ). Yet, clinical studies with 
uterine cervix and head and neck cancers and a 
recent Cochrane review of adult patients with 
head and neck cancers have failed to show a ben-
efi t in outcome with ESAs concurrent with RT 
(Thomas et al.  2008 ; Hoskin et al.  2009 ; Lambin 
et al.  2009 ). Additionally, meta-analyses of ESA 
usage in adult patients are troubling due to 
increased risk of thromboembolism and possible 
increased mortality (Bohlius et al.  2006 ; Bennett 
et al.  2008 ). Pediatric data are lacking. Recently 
updated American Society of Hematology (ASH) 
and ASCO guidelines by Rizzo et al. ( 2010 ) rec-
ommend ESAs with caution for adult patients 
with chemotherapy-induced anemia and hemo-
globin (hgb) <10 g/dL. No mention is made of 
ESA usage for treatment of radiation-induced 
anemia. Pediatric consensus guidelines by the 
French National Cancer Institute recommend 
avoiding systematic administration of ESAs in 
pediatric cancer patients with anemia (Marec- 
Berard et al.  2009 ). 

 Without any pediatric data, it is diffi cult to 
imply what potential benefi t transfusion may 
impart to solid tumor patients, such as patients 
with soft tissue sarcomas, undergoing radiother-
apy. Patients with leukemia, lymphoma and germ 
cell tumors will likely not benefi t due to the 
inherent radiosensitivity of such tumor types. 
Additionally, it is unclear what level of hemoglo-
bin would be optimal for radiosensitization. In 
the adult head and neck cancer studies, hgb 
<13 g/dL was prognostic although again transfu-
sion did not prove useful in altering outcomes 
(Dunst et al.  2003 ; Prosnitz et al.  2005 ). The cer-
vical cancer studies, on the other hand, showed 
benefi t of transfusion, keeping the hgb ≥12 g/dL 
(Grogan et al.  1999 ; Thomas  2001 ). Survey of 

pediatric oncologists’ blood transfusion practice 
with concurrent radiotherapy showed a bimodal 
distribution, with 47 % of respondents transfus-
ing for hgb >9 g/dL (Wong et al.  2005 ). This 
again underscores the lack of clear evidence- 
based guidelines to provide for a more uniform 
treatment strategy, with data to date not support-
ing transfusion.   

13.3     Central Nervous System 
Complications 

 Risk factors for radiation-induced brain and 
spinal injury include higher total radiation dose, 
increased dose fractions (e.g., >180–200 cGy/
dose), extended radiation fi eld volume and 
 concomitant usage of central nervous system 
(CNS) toxic drugs such as intrathecal methotrex-
ate (New  2001 ; Butler et al.  2006 ; Chopra and 
Bogart  2009 ; Rinne et al.  2012 ). The developed 
brain is able to tolerate high total RT doses with a 
5 % chance of radiation necrosis with daily frac-
tionated doses to a total effective dose of 120 Gy 
(Lawrence et al.  2010 ). In comparison, the adult 
brain stem and spinal cord can tolerate effective 
doses of 54 Gy (Kirkpatrick et al.  2010 ; Mayo 
et al.  2010 ). Maximum standard of care doses are 
generally below these threshold levels. 

 Acute neurologic complications include par-
esthesias, seizures, encephalopathy, myelopathy, 
paralysis and coma and are most likely secondary 
to underlying brain and spinal pathology and the 
resulting alteration in the blood-brain barrier and 
tumor edema (and potential mass effect) which 
occurs with RT (Keime-Guibert et al.  1998 ; 
Chopra and Bogart  2009 ; Soussain et al.  2009 ; 
Rinne et al.  2012 ). Management of these symp-
toms may require hospitalization as well as medi-
cations such as anticonvulsants and steroids (e.g., 
dexamethasone) to reduce symptomatic edema. 
Unlike adults, radiation fatigue has not been 
reported in pediatric patients and is likely quite 
rare in this population. Methylphenidate can be 
used to treat fatigue as in adults if present (Butler 
et al.  2006 ). Somnolence syndrome, a subacute 
toxicity, has been reported in pediatric patients 
undergoing CNS irradiation (Sect.  13.3.1 ). 
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Late complications include cerebral edema, 
radionecrosis, leukoencephalopathy, neuroen-
docrine dysfunction, neurocognitive delay and 
secondary development of brain tumors; a discus-
sion of these is beyond the scope of this chapter 
(Keime-Guibert et al.  1998 ; Butler et al.  2006 ; 
Chopra and Bogart  2009 ; Soussain et al.  2009 ; 
Rinne et al.  2012 ). 

13.3.1      Somnolence Syndrome 

 Somnolence syndrome was fi rst described in 
1929 in children receiving scalp irradiation for the 
treatment of ringworm and has since become asso-
ciated with prophylactic cranial irradiation in chil-
dren with acute lymphoblastic leukemia (ALL) 
(Freeman et al.  1973 ). Freeman et al. ( 1973 ) noted 
that 39 % of ALL patients developed pronounced 
symptoms including lethargy, excessive sleeping 
(up to 20 h per day), anorexia, headache, irritability, 
fever, nausea and vomiting and transient cognitive 
dysfunction. An additional 39 % had mild symp-
toms. All patients received 24 Gy cranial irradiation 
(spinal irradiation ranged from 10 to 24 Gy) and 
there was no difference in frequency in somnolence 
between those children that received concomitant 
intrathecal methotrexate versus those who received 
RT alone. Mean onset of symptoms was 38 days 
after the completion of RT with symptoms resolv-
ing spontaneously without neurologic sequelae in a 
median of 18.5 days. Electroencephalogram done 
in a small subset of patients showed rhythmic slow-
ing which improved with resolution of symptoms. 
Somnolence syndrome has also been reported after 
total body irradiation (TBI) with HSCT and in adult 
patients with primary brain tumors (Miyahara et al. 
 2000 ; Powell et al.  2011 ). 

 Follow-up studies have confi rmed the fi ndings 
of Freeman et al. ( 1973 ), showing a frequency of 
symptoms ranging from 58–71 % of patients 
(Parker et al.  1978 ; Ch’ien et al.  1980 ; Littman 
et al.  1984 ; Vern and Salvi  2009 ). Berg et al. ( 1983 ) 
performed neuropsychological testing on 48 chil-
dren with ALL 1.5 and 3.75 years after somnolence 
syndrome and found no signifi cant difference in 
cognitive function compared to 31 children with 
ALL who had not experienced somnolence after 

RT. Littman et al. ( 1984 ) compared the daily frac-
tionated dose of RT, giving 100 and 180 cGy to a 
total dose of 18 Gy, and found the same rate of 
somnolence syndrome in both groups. 

 Symptoms of somnolence syndrome are 
thought due to demyelination injury of 
 oligodendrocytes (Butler et al.  2006 ; Rinne et al. 
 2012 ). Two studies have looked at prophylactic 
administration of steroids during RT. Mandell 
et al. ( 1989 ) showed a 3 % incidence of symp-
toms in patients receiving daily prednisone 
≥15 mg/m 2  and Uzal et al. ( 1998 ) reported 
an incidence of 17.6 % in patients receiving 
4 mg/m 2  of daily dexamethasone (there was no 
signifi cant difference between studies due to 
small patient numbers). Current pediatric ALL 
protocols do not recommend prophylactic ste-
roids during RT secondary to the lack of large 
multicenter prospective trials. Steroid treatment 
at the onset of symptoms has also shown benefi t 
in reducing the duration of illness (Butler et al. 
 2006 ; Kelsey and Marks  2006 ; Rinne et al.  2012 ).  

13.3.2     Lhermitte’s Sign 

 Lhermitte’s sign is a transient spinal radiation 
myelopathy which occurs after cervical irradia-
tion and presents with electric-like sensations in 
the spine and extremities with neck fl exion 
thought to be secondary to transient demyelin-
ation of the cord (Keime-Guibert et al.  1998 ; 
Chopra and Bogart  2009 ; Soussain et al.  2009 ). It 
has not been specifi cally reported in pediatrics but 
could presumably occur with a spinal tumor, 
especially in adolescent patients considering their 
increased vulnerability to spinal cord injury with 
radiation or intrathecal chemotherapy (Bleyer 
et al.  2009 ). Spontaneous clinical improvement 
occurs in months (Chopra and Bogart  2009 ; 
Soussain et al.  2009 ).   

13.4     Skin Complications 

 Acute radiation skin changes are seen in up to 
85–95 % of adult patients undergoing RT (though 
may be decreased in incidence with IMRT) and 
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typically occur several days to weeks after 
commencement of RT and after multifraction-
ated doses totaling >20 Gy (Archambeau et al. 
 1995 ; Chopra and Bogart  2009 ; Salvo et al.  2010 ; 
Feight et al.  2011 ). Dose tolerance in normal skin 
is 45 Gy with increasing symptoms with greater 
cumulative RT doses and concomitant chemo-
therapy (Archambeau et al.  1995 ). Fluorouracil 
and epidermal growth factor receptor inhibitors 
such as cetuximab have been reported to worsen 
radiation dermatitis in adult patients (Archambeau 
et al.  1995 ; Budach et al.  2007 ). Concurrent che-
motherapy with radiosensitizers such as dactino-
mycin and doxorubicin may play a role in the 
severity of radiation dermatitis in pediatric 
patients but has not been characterized in part 
due to the scheduling of these agents around RT 
(Archambeau et al.  1995 ; Krasin et al.  2009 ). 
Areas most affected are those containing skin 
folds such as the axillae, groin and inframam-
mary folds (Feight et al.  2011 ). The earliest skin 
changes are pruritus, mild erythema, anhydrosis, 
and dry desquamation progressing to tender ery-
thema, edema, and moist desquamation and, in 
severe cases, ulceration and necrosis. Data on 
incidence of dermatitis in children are lacking. 
Radiation recall, which can be precipitated by 
multiple agents and can occur days to years after 
RT, most often presents as low-grade dermatitis 
in a previously irradiated region although more 
severe reactions can also occur (Burris and Hurtig 
 2010 ). 

 Although there are a large number of adult 
studies which have reported on prevention and 
management of acute radiation dermatitis, many 
have small patient numbers with confl icting 
results. Pediatric data are almost completely 
lacking with only one reported study with 45 
patients (Merchant et al.  2007 ). Multiple system-
atic reviews have been conducted though which 
are a useful guide from which to give direction 
(Bolderston et al.  2006 ; Kedge  2009 ; Kumar 
et al.  2010 ; Salvo et al.  2010 ; Feight et al.  2011 ; 
McQuestion  2011 ; Chan et al.  2012 ; Wong et al. 
 2013 ). General management recommendations 
include the use of loose fi tting clothing, preven-
tion of scratching or other abrasive activities, 
protection from the sun with hats and sunscreen, 

avoidance of temperature extremes, avoidance of 
cornstarch or baby powder especially to skin 
folds, use of an electric razor rather than a straight 
blade, use of non-aluminum-based deodorant on 
intact skin, avoidance of cosmetic products in the 
treatment fi eld, avoidance of swimming in lakes 
or chlorinated pools, and use of gentle, non- 
perfumed soaps and lotions (Feight et al.  2011 ; 
McQuestion  2011 ). Although initially thought 
that washing of skin and hair in the radiation fi eld 
would lead to increased toxicity, multiple studies 
have shown this to be safe (Bolderston et al. 
 2006 ; Kumar et al.  2010 ; Salvo et al.  2010 ; Feight 
et al.  2011 ; McQuestion  2011 ; Chan et al.  2012 ; 
Wong et al.  2013 ). It is vital though that the 
irradiated areas be dry at the immediate time of 
treatment to prevent increasing the RT dose to the 
skin surface (Bernier et al.  2008 ). 

 Multiple topical agents for the prevention and 
treatment of radiation dermatitis have been 
studied including aloe vera, steroid creams, trola-
mine (Biafi ne ® ), calendula (marigold extract), 
hyaluronic acid (Xclair ® ), sucralfate, silver sulfa-
diazine, 3M™ Cavilon™ no-sting barrier fi lm, 
and petroleum-based ointment (Aquaphor), 
among other more obscure substances (Salvo 
et al.  2010 ; Feight et al.  2011 ; McQuestion  2011 ; 
Wong et al.  2013 ). Certain agents such as aloe 
vera, sucralfate, and trolamine are clearly without 
benefi t, while others such as calendula, Aquaphor, 
hyaluronic acid, steroid creams, and silver sulfa-
diazine are lacking in evidence (Kumar et al. 
 2010 ; Salvo et al.  2010 ; Feight et al.  2011 ; Wong 
et al.  2013 ). Benefi t of silymarin (milk thistle 
extract) has also been reported in a nonrandom-
ized trial (Becker-Schiebe et al.  2011 ). Due to the 
lack of consistent and well-powered results, rec-
ommendations from the systematic reviews are 
variable with Salvo et al. ( 2010 ) and Chan et al. 
( 2012 ) favoring no topical agent, McQuestion 
( 2011 ) and Feight et al. ( 2011 ) endorsing calen-
dula and hyaluronic acid, Bolderston et al. ( 2006 ) 
supporting topical steroids, Kumar et al. ( 2010 ) 
favoring calendula, Cavilon™, and topical ste-
roids, and Wong et al. ( 2013 ) sanctioning topical 
steroids and silver sulfadiazine. All agree that 
larger, prospective, better designed studies are 
required to answer the many remaining questions 
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about effi cacy. Finally, the majority of studies 
address prevention of symptoms, and thus there 
is even less evidence to support topical therapy as 
treatment for radiation dermatitis (Salvo et al. 
 2010 ; Wong et al.  2013 ). 

 Prophylactic oral agents including zinc, 
 proteolytic enzymes (Wobe-Mugos E), pentoxi-
fylline, and sucralfate and dressings for manage-
ment of moist desquamation such as hydrogels 
and hydrocolloids (e.g., DuoDERM ® , Spenco 
2nd Skin ® , Intrasite™), silver leaf, moisture 
vapor permeable (Tegaderm™), soft silicone 
(Mepilex ® ), GM-CSF impregnated, gentian vio-
let, and more obscure dressings are also discussed 
in the systematic reviews (Kedge  2009 ; Kumar 
et al.  2010 ; Salvo et al.  2010 ; Feight et al.  2011 ; 
McQuestion  2011 ; Wong et al.  2013 ). As with 
the topical agents, poor study design and lack of 
power limit conclusions that can be made on any 
of these agents (Kedge  2009 ; Kumar et al.  2010 ; 
Salvo et al.  2010 ; Feight et al.  2011 ; McQuestion 
 2011 ; Wong et al.  2013 ). Kedge ( 2009 ) notes in 
her review of hydrogels and hydrocolloid dress-
ings that although improved healing may not 
occur with these agents, patient comfort may be 
an important benefi t in some cases.  

13.5     Head and Neck 
Complications 

 Radiotherapy to the head and neck can lead to 
complications in multiple different structures 
including the oral mucosa, salivary glands, bone, 
masticatory musculature, dentition, middle and 
outer ear, larynx, pharynx, and upper esophagus. 
The most common side effects with RT to the 
oral mucosa and salivary glands include mucosi-
tis, taste loss, parotitis/sialadenitis, xerostomia, 
trismus, and osteoradionecrosis (Kielbassa et al. 
 2006 ). Mucositis and taste loss are transitory, 
while xerostomia can be a long-term complica-
tion although conformal radiation therapy and 
proper planning have been shown to reduce this 
risk (Kielbassa et al.  2006 ; Jensen et al.  2010a ). 
Head and neck cancer patients receiving RT must 
also be monitored for oropharyngeal candidiasis 
(Bensadoun et al.  2011 ). Serous otitis media and 

externa, laryngeal edema, dysphagia, and pha-
ryngeal dysfunction can all occur. Tooth decay, 
sensorineural hearing loss, osteonecrosis, and 
bone growth arrest are long-term effects that 
must be considered but are beyond the scope of 
this chapter. 

13.5.1     Oral Mucositis 

 Mucositis is a common and debilitating compli-
cation of chemoradiation occurring several days 
to weeks after RT initiation which can lead to 
treatment interruption, dose-limiting toxicity, 
and decreased patient quality of life and is most 
likely to occur in patients receiving high-dose 
radiation for head and neck cancers (e.g., 
60–70 Gy), with 85 % of adult patients clinically 
affected (Sonis et al.  2004 ; Peterson et al.  2011 ). 
Incidence is dependent on the underlying thera-
peutic regimen with combination chemoradiation 
to the head and neck being a more likely culprit 
as well as total body irradiation (TBI) with HSCT 
(Sonis et al.  2004 ; Peterson et al.  2011 ). Incidence 
in children has not been widely reported but is 
likely similar to that for adults (Allen et al.  2010 ; 
Qutob et al.  2013b ). Multiple scoring systems 
have been utilized in the literature, and only some 
have been validated for children (Sonis et al. 
 2004 ; Sung et al.  2007b ; Tomlinson et al.  2007 ). 

 Due to the large number of adult trials report-
ing on management of oral mucositis, multiple 
clinical practice guidelines and systematic 
reviews from ASCO, ESMO, MASCC/
International Society of Oral Oncology (ISOO), 
and the Cochrane Collaboration are available in 
the literature to help guide management (Keefe 
et al.  2007 ; Hensley et al.  2009 ; Clarkson et al. 
 2010 ; Peterson et al.  2011 ; Worthington et al. 
 2011 ; Gibson et al.  2013 ). Pediatric data are lim-
ited to small studies with variable treatment 
designs and therefore extrapolation from adult 
studies is required (Allen et al.  2010 ; Qutob et al. 
 2013b ). Treatment of radiation-induced oral 
mucositis is similar to chemotherapy-induced 
mucositis; the interested reader should refer to 
Chap.   11     for a more detailed review of mucositis 
treatment guidelines. 
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 Prior to the initiation of chemoradiation, the 
pediatric patient should have an oral exam to 
determine what, if any, treatments are required to 
help prevent the development of mucositis and to 
ensure there is no interference with the radiation 
fi eld (Otmani  2007 ; Barbería et al.  2008 ; Qutob 
et al.  2013a ). If possible, cavities should be fi lled 
and fi xed appliances in the radiation fi eld 
removed 7–10 days before the initiation of ther-
apy (Barbería et al.  2008 ). Families and patients 
should be advised in regard to the importance of 
maintaining oral hygiene including regular tooth 
and tongue brushing with a soft brush and fl uori-
dated toothpaste (in children ≥18 months) and 
regular mouth washing (Qutob et al.  2013  b ). 
A standardized multidisciplinary hospital oral 
care protocol has been shown benefi cial, as well 
as bland rinses such as saline or sodium bicar-
bonate; chlorhexidine has not been proven help-
ful (Keefe et al.  2007 ; Peterson et al.  2011 ; 
McGuire et al.  2013 ). Nutritional status should 
be monitored and those at risk for malnutrition 
(>5 % weight loss from baseline) should be 
started on total parenteral nutrition (TPN) if with 
orogastrointestinal mucositis or have percutane-
ous endoscopic gastrostomy (PEG) placement if 
with a head and neck tumor (Ladas et al.  2005 ). 
Additionally, hydration status in patients with 
severe mucositis must be monitored with intrave-
nous fl uids given if required. 

 Multiple well-studied agents in adult patients 
receiving RT have not been shown benefi cial 
including cryotherapy (i.e., ice chips, oral cool-
ing), antimicrobial lozenges, misoprostol mouth-
wash, amifostine, glutamine, and pilocarpine for 
the prevention of oral mucositis and oral sucral-
fate for treatment of mucositis (Keefe et al.  2007 ; 
Hensley et al.  2009 ; Gibson et al.  2013 ; Jensen 
et al.  2013 ; Nicolatou-Galitis et al.  2013 ; Peterson 
et al.  2013 ; Saunders et al.  2013 ; Yarom et al. 
 2013 ). Therapies that have shown potential ben-
efi t include prophylactic zinc, morphine mouth 
rinse, doxepin rinse, morphine patient-controlled 
analgesia (PCA), use of midline radiation blocks 
(with EBRT, not utilized with IMRT), benzyda-
mine (locally acting nonsteroidal anti- 
infl ammatory), low-level laser therapy (LLLT), 
and palifermin (keratinocyte growth factor-1 

[KGF-1]) (Keefe et al.  2007 ; Hensley et al.  2009 ; 
Clarkson et al.  2010 ; Peterson et al.  2011 ; Gibson 
et al.  2013 ; Migliorati et al.  2013 ; Nicolatou-
Galitis et al.  2013a ; Raber-Durlacher et al.  2013 ; 
Saunders et al.  2013 ; Yarom et al.  2013 ). The 
strongest evidence in the adult literature exists 
for benzydamine, LLLT and palifermin. Of note, 
benzydamine has not been approved by the 
United States Food and Drug Administration. 

 LLLT is recommended in adult patients receiv-
ing HSCT with or without TBI and head and neck 
patients undergoing RT (Peterson et al.  2011 ; 
Migliorati et al.  2013 ). A pilot study of LLLT in 
children showed potential benefi t in the preven-
tion of chemotherapy-induced mucositis 
(Abramoff et al.  2008 ). Palifermin, 60 mcg/kg/
day, for 3 days prior to conditioning and 3 days 
posttransplantation for autologous (and possibly 
allogeneic) HSCT with TBI has shown benefi t in 
adult patients (Keefe et al.  2007 ; Hensley et al. 
 2009 ; Raber- Durlacher et al.  2013 ). Recent stud-
ies in adult head and neck cancer patients are 
promising in reducing the severity and duration of 
mucositis symptoms although without improve-
ment in event-free and overall survival (Le et al. 
 2011 ; Henke et al.  2011 ). Data on palifermin 
usage in the pediatric population are signifi cantly 
limited. Srinivasan et al. ( 2012 ) recently reported 
on a phase I dose-fi nding study in 12 children 
receiving myeloablative HSCT and found that 
90 mcg/kg/day was tolerated with skin rash being 
the most common side effect; mucositis was seen 
in only 25 % of the cohort but without a compara-
tive control group. See Chap.   11     for a full discus-
sion regarding oral mucositis and mouth care.  

13.5.2     Dysgeusia 

 Patients undergoing radiation for head and neck 
tumors are at risk for altered taste due to direct 
radiation effect on the fungiform papillae and 
taste buds (Otmani  2007 ). Taste loss can precede 
mucositis with histologic signs of degeneration 
and atrophy occurring after 10 Gy, with taste loss 
increasing exponentially with higher cumulative 
RT doses, and with bitter and acid fl avors being 
most affected (Kielbassa et al.  2006 ). Pediatric 
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patients may develop anorexia due to dysgeusia 
and therefore nutritional status must be moni-
tored closely. Zinc and amifostine for prophy-
laxis or treatment of dysgeusia in adult patients 
have not consistently shown benefi t and are not 
recommended (Hovan et al.  2010 ). Dysgeusia 
usually returns to normal weeks to months after 
the completion of RT though in a small subseg-
ment of patients may persist.  

13.5.3     Xerostomia 

 A reduction in salivary function is most com-
monly seen with head and neck RT and has also 
been noted post-HSCT with and without TBI 
(Jensen et al.  2010a ). In a systematic review by 
Jensen et al. ( 2010a ), xerostomia prevalence 
remained >70 % from the time of development to 
>2 years post conventional RT. Pediatric data are 
limited; it appears the risk of chronic xerostomia 
is low although has been described after both 
head and neck RT and TBI conditioning with 
HSCT (Jensen et al.  2010a ). Xerostomia risk is 
dose related, with minimal risk at mean doses of 
10–15 Gy to the parotid gland and a decrease in 
glandular  function >75 % with mean doses 
>40 Gy (Deasy et al.  2010 ). Xerostomia risk has 
been reported to be signifi cantly reduced with 
sparing of one parotid or even, potentially, one 
submandibular gland, with IMRT although in the 
review by Jensen et al. ( 2010a ) prevalence of xero-
stomia after IMRT was similar to that noted with 
conventional RT at all time points due to variation 
in technique and ability to spare the parotid and 
submandibular glands (Saarilahti et al.  2006 ). 

 Multiple potential management strategies exist 
in the adult literature and have most recently been 
systematically reviewed by Jensen et al. ( 2010b ) 
as part of MASCC/ISOO. Recommendations 
include the use of IMRT with salivary gland spar-
ing when oncologically feasible, muscarinic ago-
nist stimulation (pilocarpine over newer and less 
well-studied agents cevimeline and bethanechol) 
after RT completion (but not during RT), oral 
mucosal lubricants/salivary substitutes, salivary 
gland transfer in strictly selected cases, and acu-
puncture to stimulate salivary gland secretion 

(Jensen et al.  2010b ). Agents that are not recom-
mended include amifostine (as opposed to the 
2008 ASCO guidelines by Hensley et al. [ 2009 ]), 
gustatory and masticatory stimulation (sugar-free 
lozenges, acidic candy, chewing gum), and hyper-
baric oxygen (HBO) therapy (Jensen et al.  2010b ). 
Pediatric data on such interventions are extremely 
limited.  

13.5.4     Ear Complications 

 Depending on the extent of the radiation fi eld and 
cumulative dose, patients have been reported to 
acutely develop serous otitis media and externa 
in addition to radiation dermatitis of the external 
ear and ear canal. Otitis media occurs in conjunc-
tion with mucosal edema leading to tinnitus and 
high-frequency hearing loss in rare cases requir-
ing myringotomy tubes (Chopra and Bogart 
 2009 ). Excessive earwax buildup has also been 
noted after the completion of RT (Chopra and 
Bogart  2009 ). Patients may require deconges-
tants and oral antibiotics for serous otitis media, 
otic antibiotic drops for otitis externa, and carb-
amide peroxide ear drops for wax buildup. 
Corticosteroid drops can be utilized for radiation 
dermatitis in the external ear canal. Audiometric 
testing should be done on clinically symptomatic 
patients. Sensorineural deafness, a late effect of 
RT, is dose dependent and permanent, occurring 
at >50 Gy and synergistic with platinum chemo-
therapy (Huang et al.  2002 ). Tissue protection 
with IMRT has signifi cantly reduced the risk of 
this complication (Huang et al.  2002 ).  

13.5.5     Laryngeal Complications 

 Radiation to the oropharynx can lead to laryn-
geal edema as well as reduced laryngeal closure 
resulting in aspiration, especially at doses 
>50 Gy although risk has been decreased with 
the use of IMRT (Chopra and Bogart  2009 ; 
Rancati et al.  2010 ). Patients should be moni-
tored closely and treated symptomatically with 
antitussives, pain medication, and steroids to 
reduce edema. RT treatment interruption may be 
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necessary depending on the underlying cause of 
the edema and the severity. ENT evaluation and 
hospitalization may be required for more com-
plicated cases. Adolescent patients should be 
advised against smoking during and after RT as 
it has been reported to lead to persistent hoarse-
ness in adults with glottic tumors (Chopra and 
Bogart  2009 ).   

13.6     Gastrointestinal 
Complications 

 The stomach and small bowel are often inciden-
tally irradiated when treating upper GI tract, infe-
rior lung, retroperitoneal, and pelvic tumors. 
Acute gastrointestinal RT-induced side effects 
include nausea, vomiting, and anorexia immedi-
ately after treatment as well as dysphagia, esopha-
gitis, dyspepsia, ulceration, bleeding, enteritis (GI 
mucositis manifesting as cramping, diarrhea, and 
malabsorption), and proctitis within the fi rst few 
weeks of therapy (Kavanagh et al.  2010 ; Michalski 
et al.  2010 ). Late small bowel obstruction due to 
RT-induced fi brosis and secondary adhesions as 
well as chronic dyspepsia, ulceration, diarrhea, 
fi stula, perforation, bleeding, strictures, and 
chronic radiation proctitis must be considered but 
are beyond the scope of this chapter. RT dose-
volume constraints for the stomach and small 
bowel are diffi cult to determine as partial volume 
irradiation is usually undertaken; ≥45 Gy for the 
whole stomach and for partial small bowel 
<195 mL are thresholds that have been published 
for adult patients (Kavanagh et al.  2010 ). 

13.6.1     Dysphagia and Esophagitis 

 Radiation to the oropharynx can lead to pharyn-
geal edema as well as dysphagia while RT to the 
thorax can lead to esophagitis. Adult patients 
receiving chemoradiation or hyperfractionated RT 
have been noted to have a 15–25 % risk of severe 
acute esophagitis with symptoms peaking 
4–8 weeks after the commencement of RT 
(Werner-Wasik et al.  2010 ). Of note, esophageal 
infections such as oroesophageal (OE) candidiasis 

or herpes simplex esophagitis can lead to similar 
symptoms and must be ruled out; additionally, 
preexisting gastroesophageal refl ux (GER) can 
worsen esophagitis and should be treated (Werner-
Wasik et al.  2010 ). If infection is a concern, 
patients should undergo diagnostic endoscopy 
unless the level of symptoms contradicts such a 
procedure; in such cases empiric therapy (e.g., fl u-
conazole) for OE candidiasis may be required. 
Radiation doses >40–50 Gy in adults have been 
shown to correlate with increased risk of acute 
esophagitis (Werner-Wasik et al.  2010 ). Data in 
the pediatric population are lacking. 

 Amifostine has shown some potential benefi t 
in non-small cell lung cancer patients, but the 
reports are inconsistent, and recommendation for 
its use is also not uniform (Keefe et al.  2007 ; 
Hensley et al.  2009 ; Peterson et al.  2011 ). No 
other agent has been well studied; oral sucralfate 
has been utilized, but data are confl icting, and it is 
not recommended in consensus guidelines for 
RT-induced esophagitis (Bradley and Movsas 
 2004 ). General treatment strategies include treat-
ment of underlying GER with an H 2  blocker or 
proton pump inhibitor, ruling out and treating 
infectious etiologies for esophagitis, and prescrib-
ing viscous lidocaine and analgesics for pain. 
Promotility agents such as metoclopramide can 
also be tried. Patients should be advised to avoid 
acidic and spicy foods as well as alcohol and cof-
fee. Nutritional status should be closely moni-
tored, and patients at risk for malnutrition should 
receive oral supplementation, nasogastric feeds, 
PEG placement (if with a head and neck tumor), 
or TPN, depending on the underlying clinical sit-
uation; see Chap.   12     for more details. Pediatric 
patients with a history of chemoradiation- induced 
esophagitis are at risk for esophageal stricture and 
should be monitored for this potential late compli-
cation (Mahboubi and Silber  1997 ).  

13.6.2     Nausea, Vomiting 
and Anorexia 

 Radiation-induced nausea and vomiting (RINV) 
has been reported to occur in 50–80 % of adult 
patients dependent on the radiation fi eld, RT dose, 
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and use of concurrent chemotherapy (Feyer et al. 
 2011 ). MASCC/ISOO and ASCO have created 
clinical practice guidelines for antiemetics with 
RINV and have devised an RT emetogenic risk 
stratifi cation, with high risk in those receiving 
TBI, moderate risk with RT to the upper abdo-
men, low risk for cranial, craniospinal, head and 
neck, lower thorax, and pelvic RT, and minimal 
risk with extremity and breast RT (Basch et al. 
 2011 ; Feyer et al.  2011 ). Emetic prophylaxis 
should be per the chemotherapy- related anti-
emetic schedule unless the risk of emesis is higher 
with RT (Basch et al.  2011 ; Feyer et al.  2011 ). 
Pediatric guidelines for RINV are lacking. Chap.   10    
has a more extensive discussion of antiemetics in 
relation to chemotherapy- induced nausea and 
vomiting in children. 

 MASCC/ISOO and ASCO guidelines both 
recommend prophylaxis with a 5-HT 3  receptor 
antagonist in the high- and moderate-risk groups 
with prophylactic dexamethasone in the high-
risk group and optional dexamethasone in the 
moderate-risk group. MASCC/ISOO guidelines 
recommend prophylaxis or rescue with a 5-HT 3  
receptor antagonist in the low-risk group while 
ASCO guidelines recommend no prophylaxis in 
this cohort. Finally, both guidelines advise res-
cue only with either a 5-HT 3  receptor antagonist 
or dopamine antagonist in the minimal-risk 
group (Basch et al.  2011 ; Feyer et al.  2011 ). 
ASCO guidelines recommend a 5-HT 3  receptor 
antagonist prior to each fraction with 5 days of 
dexamethasone; MASCC/ISOO guidelines 
make no particular recommendation in regard to 
duration of prophylaxis (Basch et al.  2011 ; Feyer 
et al.  2011 ). Gastric protection should be consid-
ered with repeated or prolonged dexamethasone 
therapy.  

13.6.3     Enteritis 

 Abdominopelvic radiation can cause acute injury 
to the small bowel mucosa leading to enteritis 
(GI mucositis) with cramping, diarrhea, and 
malabsorptive symptoms, potentially exacer-
bated by concomitant chemotherapy administra-
tion (Chopra and Bogart  2009 ). Basic bowel care 

is recommended including maintenance of ade-
quate hydration and consideration for possible 
lactose intolerance and bacterial pathogens 
(Keefe et al.  2007 ; Peterson et al.  2011 ). 
Symptoms of radiation-induced enteritis have 
traditionally been managed with moderate bowel 
rest, such as institution of a low-residue, low-fat 
and low-lactose diet. For severe diarrhea, anti-
motility agents such as loperamide or atropine 
may be utilized. Due to the risk of bacterial 
pathogens, treatable causes such as  Clostridium 
diffi cile  should be ruled out. A recent systematic 
review by MASCC/ISOO suggests the prophy-
lactic use of probiotics with  Lactobacillus  spp. 
and sulfasalazine, 500 mg twice daily, to prevent 
RT-induced enteritis for adult patients with pel-
vic tumors (Gibson et al.  2013 ). The recommen-
dation for sulfasalazine is specifi cally for 
patients receiving pelvic EBRT. Additionally the 
guidelines recommend octreotide in patients 
after HSCT with chemotherapy conditioning 
that fail loperamide for control of diarrhea 
(Gibson et al.  2013 ). Patients undergoing RT are 
not included in this recommendation. Agents 
that have not shown benefi t and should not be 
utilized include amifostine, 5-ASA and related 
compounds, and sucralfate (Peterson et al.  2011 ; 
Gibson et al.  2013 ). Pediatric data are lacking.  

13.6.4     Proctitis 

 Adult patients receiving radiation for anal cancer 
are at risk for the development of radiation proc-
titis which is usually self-limited and leads to 
softer or diarrhea-like stools, pain, a sense of rec-
tal distension with cramping, urgency, increased 
frequency, and rarely bleeding (Chopra and 
Bogart  2009 ; Michalski et al.  2010 ). A potential 
example in pediatric patients could be perineal 
sarcoma; evidence is lacking. RT doses to the 
rectum >45 Gy increase the risk for proctitis 
(Michalski et al.  2010 ). Recent guidelines by 
MASCC/ISOO and ESMO suggest the use of IV/
intrarectal amifostine prior to RT as well as HBO 
and sucralfate enemas for the treatment of procti-
tis and recommend against misoprostol supposi-
tories (Peterson et al.  2011 ; Gibson et al.  2013 ).   
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13.7     Major Organ Infl ammation 

 Acute and long-term toxicity to organs within the 
radiation fi eld is directly related to RT dose, frac-
tionation, concomitant chemotherapy and any 
underlying morbidities. The lungs and kidneys 
are particularly sensitive to RT and the kidneys 
specifi cally are the dose-limiting organ with TBI 
(Dawson et al.  2010 ). Acute organ toxicity is 
often poorly defi ned in the pediatric population, 
but the practitioner must be cognizant of this 
potential complication which is often a risk factor 
for the development of chronic complaints. 

13.7.1     Pneumonitis 

 Lung tissue is extremely sensitive to radiation 
with histologic effects seen in all patients, even 
those receiving only a few hundred cGy 
(McDonald et al.  1995 ). The risk of long-term 
damage is increased with fractionated lung irra-
diation >20 Gy (Marks et al.  2010 ). 
Chemotherapeutic agents including bleomycin, 
methotrexate, alkylating agents, dactinomycin, 
anthracyclines and vinca alkaloids can synergis-
tically add to lung injury (McDonald et al.  1995 ; 
Abid et al.  2001 ). Pathologic exudative changes, 
directly related to the dose and volume of lung 
tissue irradiated, can lead to acute radiation pneu-
monitis which can be followed by healing over 
weeks to months. Late lung injury with chronic 
pneumonitis, fi brosis and bronchiolitis obliterans 
can also result (McDonald et al.  1995 ; Abid et al. 
 2001 ). Pneumonitis is usually seen 1–3 months 
after completion of RT although can be seen 
more acutely, with 5–15 % incidence in adult 
patients receiving mediastinal EBRT for lung and 
breast cancer and lymphoma; recent data show a 
decreased risk with IMRT (McDonald et al. 
 1995 ; Marks et al.  2010 ). Data on acute incidence 
of radiation pneumonitis in pediatric patients are 
lacking. Weiner et al. ( 2006 ) noted in a small 
cohort of pediatric patients who received whole 
lung irradiation (median 12 Gy) that the majority 
had long-term reductions in total lung capacity 
and diffusion capacity although most had also 
received doxorubicin. 

 Common symptoms of acute radiation pneu-
monitis include cough, dyspnea, low-grade fever, 
and pleuritic chest pain, with minimal physical 
signs although moist rales and pleural friction 
rub have been noted (McDonald et al.  1995 ; Abid 
et al.  2001 ). Early chest radiograph fi ndings 
include diffuse haziness with interstitial mark-
ings or ground-glass opacifi cation in the radia-
tion fi eld; the chest radiograph may also be 
normal (McDonald et al.  1995 ; Abid et al.  2001 ). 
Computed tomography is a more sensitive test 
for the diagnosis of acute radiation pneumonitis 
(McDonald et al.  1995 ). Acute radiation pneu-
monitis is a risk factor for the development of 
chronic changes and patients should be followed 
clinically and with serial pulmonary function 
testing. Treatment for acute radiation pneumoni-
tis is empirical; steroids at a dose of 1–2 mg/kg/
day for several weeks followed by a slow taper 
have been shown benefi cial although randomized 
controlled trial data are lacking (Abid et al. 
 2001 ). Other potential etiologies including infec-
tion, pulmonary embolism, and tumor recurrence 
should be considered and ruled out (Chopra and 
Bogart  2009 ).  

13.7.2     Pericarditis 

 Acute pericarditis is an unlikely toxicity, espe-
cially with conformal RT, but can be seen with 
RT to a substantial volume of the entire heart 
such as in patients with Hodgkin lymphoma 
(Chopra and Bogart  2009 ; Gagliardi et al.  2010 ). 
Treatment includes utilization of diuretics and 
cardiac inotropic support as needed. Synergistic 
acute risk with anthracycline therapy has not 
been defi ned. Long-term effects including coro-
nary artery disease, cardiomyopathy, valvular 
damage, dysrhythmias and cardiac fi brosis are 
more likely with whole heart doses >30 Gy 
(Gagliardi et al.  2010 ).  

13.7.3     Hepatitis 

 RT-induced liver disease in adults is split 
between classic and nonclassic presentations 
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(Pan et al.  2010 ). Classic RT-induced liver toxic-
ity presents with anicteric hepatomegaly and 
ascites, with onset usually occurring months 
after the completion of RT although it can occur 
more rapidly (Chopra and Bogart  2009 ; Pan 
et al.  2010 ). Elevated alkaline phosphatase >2× 
the upper limit of normal (ULN) is a commonly 
reported fi nding; pathologic fi ndings are similar 
to veno- occlusive disease/sinusoidal obstructive 
syndrome (VOD/SOS) (Lawrence et al.  1995 ; 
Chopra and Bogart  2009 ; Pan et al.  2010 ). 
Nonclassic presentations are usually seen in the 
setting of hepatocellular carcinoma with ele-
vated liver transaminases >5× ULN (Pan et al. 
 2010 ). Other potential signs of liver toxicity 
include thrombocytopenia and coagulopathy. 

 Cumulative radiation doses to the liver should 
be <28–32 Gy to decrease the risk of liver toxic-
ity (Pan et al.  2010 ). Concurrent hepatic disease, 
secondary to hepatitis B, hepatitis C or the under-
lying malignancy, is a potential risk factor for 
RT-induced hepatitis (Pan et al.  2010 ). Synergistic 
risk secondary to concomitant chemotherapy is 
likely but poorly defi ned. Infectious etiologies, 
metastases, and drug-induced hepatitis must be 
considered and ruled out (Chopra and Bogart 
 2009 ). Treatment includes diuretics as needed. 
The use of steroids and anticoagulants has been 
suggested; since the underlying pathology is sim-
ilar to VOD/SOS, an analogous treatment strat-
egy could be considered although this is not 
evidence-based. Liver failure is often irreversible 
in adult patients (Pan et al.  2010 ). Pediatric data 
are lacking. The presence of focal nodular hyper-
plasia has been noted as a late effect after liver 
RT (Bouyn et al.  2003 ).  

13.7.4     Nephropathy 

 Acute RT-induced kidney injury is usually sub-
clinical with signs and symptoms such as 
decreased glomerular fi ltration rate and protein-
uria occurring in the subacute time period 
(Dawson et al.  2010 ). Chronic injury occurs with 
a long latency and the development of hyperten-
sion, elevated creatinine and renal failure, 
although the risk in the pediatric population 

receiving multimodal chemoradiotherapy appears 
low (Dawson et al.  2010 ; Bölling et al.  2011 ). 
Acute injury can rarely present with a hemolytic-
uremic type syndrome or an increased creatinine, 
with the total RT dose to the kidney being the 
most important risk factor (Dawson et al.  2010 ). 
Data on incidence in children are lacking. In their 
review, Dawson et al. ( 2010 ) recommend a mean 
kidney dose of <10 Gy with TBI and <18 Gy with 
bilateral partial kidney irradiation. Although 
multiple factors can infl uence kidney function 
after HSCT, in their review of 92 children after 
TBI and HSCT, Gerstein et al. ( 2009 ) found a 
very low incidence of persistent renal dysfunc-
tion with cumulative fractionated RT doses 
<12 Gy. Treatment may include low-protein diet, 
fl uid and salt restriction, use of antihypertensives 
and diuretics as needed, treatment of anemia, 
and, if necessary, dialysis (Cassady  1995 ).  

13.7.5     Cystitis 

 RT to the bladder and urethra can acutely lead to 
urinary frequency, urgency and dysuria; inconti-
nence is rarely seen in the acute period (Marks 
et al.  1995 ; Chopra and Bogart  2009 ). The mecha-
nism for acute symptoms is unclear; smooth mus-
cle edema as well as infl ammation and injury to 
the epithelial cell layer are proposed mechanisms 
(Marks et al.  1995 ). Bladder toxicity is unlikely to 
occur with cumulative fractionated RT doses 
<40–50 Gy (Viswanathan et al.  2010 ). Concurrent 
chemotherapy, especially with cyclophospha-
mide, ifosfamide or busulfan, is an additional 
potential risk factor (Payne et al.  2013 ). Anesthetic 
agents (e.g., pyridium) and antispasmodics (e.g., 
oxybutynin) can be used symptomatically (Chopra 
and Bogart  2009 ).  Pediatric data on acute 
RT-induced cystitis are lacking but is a potential 
complication in the treatment of pelvic tumors. 
Urinary tract infections should be considered and 
ruled out (Chopra and Bogart  2009 ). Hematuria is 
an unlikely early complication but should be 
treated with two-way Foley catheter insertion for 
copious bladder irrigation. Patients who are 
refractory to such therapy may benefi t from HBO 
or intravesical therapy (Payne et al.  2013 ).   
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13.8     Summary 

 Radiation-induced toxicity is a real possibility 
that is likely underrecognized in the pediatric 
population. The pediatric oncologist must be 
aware of potential RT-induced complications 
based on the radiation fi eld, RT dose, fraction-
ation, concurrent chemotherapy and potential 
underlying patient morbidities. A multidisci-
plinary approach is often required to plan for and 
treat any potential complications. Although evi-
dence-based prevention and treatment strategies 
are generally lacking in the pediatric literature, 
the adult literature, through both evidence and 
consensus guidelines, provides an excellent 
resource from which to extrapolate reasonable 
management plans.     
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    Abstract 

 Signifi cant advances in chemotherapy proto-
cols for the treatment of many childhood 
cancers have resulted in improved survival 
rates; however, opportunistic infections con-
tinue to plague this vulnerable population, 
especially with concomitant increased thera-
peutic intensity. Empiric antibiotic and 
 antifungal therapy in patients with suspected 
infection have helped limit the effect of such 
infections although infection persists as a 
leading cause of treatment-related  mortality. 
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Preventative interventions represent an 
opportunity to reduce the incidence of infec-
tion and thus reduce mortality. The pediatric 
evidence for specifi c preventative measures 
to reduce bacterial, fungal and viral infec-
tions is reviewed. Areas for future research 
to improve knowledge regarding infection 
prevention in children with malignancy are 
also identifi ed.  

14.1         Introduction 

 The use of increasingly complex treatment regi-
mens including intensive chemotherapy, radia-
tion therapy and surgical interventions place 
patients at risk for infection due to altered ana-
tomical barriers, impairment of various arms of 
innate and adaptive immunity, and worsening in 
their nutritional status (Lehrnbecher et al.  1997 ). 
Together, these negative sequelae of cancer ther-
apy translate into a signifi cant risk for infection. 
  Early reports of acute leukemia cohorts sug-
gested that 70 % of mortality was attributable to 
infection (Hersh et al.  1965 ; Hughes  1971 ). Soon 
after these reports, adult and pediatric studies 
suggested the benefi t of empiric antibiotic and 
antifungal therapy in the setting of febrile neutro-
penia (FN) (Schimpff et al.  1971 ; Pizzo et al. 
 1979 ,  1982 ). While empiric antimicrobial ther-
apy has become standard of care in FN (see 
Chap.   1    ), contemporary epidemiology studies 
still identify infection as the major contributing 
cause of treatment- related mortality in children 
receiving myelosuppressive chemotherapy 
(Creutzig et al.  2004 ; Sung et al.  2007 ; Freifeld 
et al.  2011 ). 

 In recent years, strategies for the management 
of infection in pediatric cancer patients have been 
broadened from a reactionary approach to a more 
proactive one utilizing preventative measures. 
Preventing the development of infection may 
prove more successful than attempting to clear a 
pathogen in an immunocompromised patient. 
This chapter will focus on current and potential 
future preventative therapeutic options for 
 bacterial and fungal infections and discuss both 
pediatric and adult data. In addition, options for 

suppression of latent viral infection and postex-
posure chemoprophylaxis with antiviral therapy 
will be explored. Discussion of prevention of 
infection through vaccination is discussed in 
detail in Chap.   16    . Consideration of the preven-
tion or suppression of other important infections 
such as tuberculosis or parasitic illnesses is 
important in communities where such infections 
are more prominent; however, such a discussion 
is outside the scope of this chapter. At the conclu-
sion of each section, tables of graded recommen-
dations (Tables  14.1 ,  14.5  and  14.7 ) are included 
for ease of reference. Finally, the chapter con-
cludes with a discussion on hospital-based infec-
tion control practices which can reduce 
hospital-acquired communicable diseases in 
these vulnerable patients.

14.2        Prevention of Bacterial 
Infection 

 Bacterial infection is the leading cause of 
treatment- related morbidity and mortality in 
pediatric oncology patients. Evaluation and treat-
ment of suspected or proven bacterial infection is 
a core component of care in children receiving 
myelosuppressive chemotherapy and is discussed 
extensively in Chap.   1    . Strategies to prevent such 
infection, including both pharmacologic and 
non-pharmacologic approaches, are not as well 
established; data to support prophylactic mea-
sures, as well as gaps in our current knowledge, 
are the focus of this section. 

14.2.1     Risk Stratifi cation 

 As discussed in Chap.   1    , the child with cancer 
may have multiple risk factors for serious bacte-
rial infection including a central venous catheter, 
interruption of normal mucosal surfaces second-
ary to mucositis, surgical wounds and altered 
anatomy from tumor masses. Certain cancer pre-
disposition syndromes may contribute to 
increased risk of infection. For example, children 
with Down syndrome and acute lymphoblastic 
leukemia (ALL) have a higher rate of infectious 

B.T. Fisher et al.

http://dx.doi.org/10.1007/978-3-662-44317-0_1
http://dx.doi.org/10.1007/978-3-662-44317-0_16
http://dx.doi.org/10.1007/978-3-662-44317-0_1
http://dx.doi.org/10.1007/978-3-662-44317-0_1


225

complications than those with ALL alone (Rabin 
et al.  2012 ). The factor most strongly associated 
with risk of serious bacterial infection is 
chemotherapy- related neutropenia; patients 
receiving the most intensive myelosuppressive 
regimens are at the highest risk. For example, 
39–50 % of children treated on Children’s Cancer 
Group protocol 2961 for acute myelogenous leu-
kemia (AML) had Gram-positive infections and 
18–28 % had Gram-negative sterile site infec-
tions during the three phases of therapy (Sung 
et al.  2007 ). Treatment-related mortality from 
bacterial infection in children with AML is con-
sistently 3–4 % across cooperative group studies 
over the last several decades (Woods et al.  1996 ; 
Riley et al.  1999 ; Creutzig et al.  2004 ; Sung et al. 
 2007 ,  2009 ). Similarly, children with relapsed 
ALL receiving intensive chemotherapy have high 
rates of infectious morbidity and mortality related 
to bacterial infection (Abshire et al.  2000 ; 
Lawson et al.  2000 ; Thomson et al.  2004 ; Raetz 
et al.  2008 ; Locatelli et al.  2009 ).  

14.2.2     Antimicrobial Approaches 

14.2.2.1     Adult Data 
 Antibacterial prophylaxis for afebrile patients 
receiving myelosuppressive chemotherapy is 
widely adopted in adult oncology practice based 
on data from trials preformed over the last 30 
years with more than 100 published studies 
 evaluating various antibiotic regimens. Two large 
contemporary studies in adult solid tumor, lym-
phoma and leukemia patients compared levofl ox-
acin to placebo using a double-blind, randomized, 
controlled design (Bucaneve et al.  2005 , Cullen 
et al.  2005 ). Although neither study was able to 
show a signifi cantly decreased rate of death in the 
levofl oxacin arm, both studies showed that pro-
phylaxis signifi cantly decreased episodes of 
fever, clinically documented infection and hospi-
talization. In solid tumor and lymphoma patients, 
Cullen et al. ( 2005 ) reported a 34.2 % rate of 
infection with levofl oxacin compared to 41.5 % 
in the placebo arm (RR 0.82, 95 % CI 0.73–0.94, 
 p  = 0.004) while Bucaneve et al. ( 2005 ) reported 
22 % infection rate in the levofl oxacin arm versus 

39 % with placebo (absolute risk difference 
–0.17, 95 % CI –0.24 to –0.10) in patients with 
leukemia, lymphoma and solid tumors. 

 Meta-analysis of randomized controlled trials 
has shown that prophylaxis has an impact on 
incidence of infection and, more important, is 
associated with a decreased risk of death (Gafter- 
Gvili et al.  2012 ). All-cause mortality was 
reduced in patients receiving prophylaxis (RR 
0.66, 95 % CI 0.55–0.79), with the number of 
patients needed to treat to prevent death from any 
cause being 34 (95 % CI 26–56). The most sub-
stantial effect was found in studies that used fl uo-
roquinolones (FQs) as prophylaxis with the 
greatest benefi t in those at the highest risk.  

14.2.2.2     Pediatric Data 
 Data regarding the utility of bacterial prophylaxis 
in neutropenic children are very limited. Early 
studies using trimethoprim-sulfamethoxazole, 
erythromycin, and amoxicillin-clavulanate were 
hampered by diffi culties with patient accrual and 
compliance with oral therapies (Pizzo et al.  1983 ; 
van Eys et al.  1987 ; Castagnola et al.  2003 ). 
Studies which have documented benefi t are lim-
ited by small patient numbers at single institu-
tions. For instance, a single arm pilot trial of 
ciprofl oxacin prophylaxis in children receiving a 
reinduction block of therapy for ALL showed a 
decreased incidence of hospitalization, bactere-
mia and intensive care unit admissions compared 
to historical controls (Yousef et al.  2004 ). 
Specifi cally, hospitalization was 90 % in the con-
trols versus 58 % in the study group ( p  < 0.001), 
the overall rate of proven bacteremia was 22 % in 
the controls versus 9 % in the ciprofl oxacin group 
( p  = 0.028), and there were no Gram-negative 
bacteremias in this group as compared to 7.7 % in 
the controls ( p  < 0.001) (Yousef et al.  2004 ). 

 Similarly, a retrospective study in pediatric 
AML patients of prophylactic cefepime, or pro-
phylactic vancomycin with ciprofl oxacin or a 
cephalosporin, showed decreased rates of septi-
cemia and hospital days compared to historical 
controls while patients who received only an oral 
cephalosporin as prophylaxis had no signifi cant 
decrement in bacterial sepsis or hospital days 
compared with controls (Kurt et al.  2008 ). 
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A recent survey by the Children’s Oncology 
Group (COG) of institutional standards for sup-
portive care during AML trial AAML0531 found 
that antibacterial prophylaxis signifi cantly 
reduced Gram-positive sterile site infection (inci-
dence rate ratio [IRR] 0.71, 95 % CI 0.57–0.90, 
 p  = 0.004) with a trend toward reducing all bacte-
rial infection (IRR 0.85, 95 % CI 0.72–1.01, 
 p  = 0.058) (Sung et al.  2013 ).   

14.2.3     Risks of Prophylaxis 

 The main concern when considering prophylactic 
antibiotics is the potential development of bacte-
rial resistance. Any exposure to antibiotics 
increases the risk of colonization and possible 
subsequent infection with resistant pathogens. 
Resistance can be acquired by selection of previ-
ously undetectable but present bacteria or de 
novo in a previously susceptible organism. 
Resistant pathogens can be transmitted from 
patient to patient. Studies performed in the 1980s 
in patients with leukemia and in those undergo-
ing hematopoietic stem cell transplant (HSCT) 
documented that surveillance stool cultures could 
often detect pathogens preceding the develop-
ment of bacteremia (Schimpff et al.  1972 ; 
Tancrede and Andremont  1985 ; Wingard et al. 
 1986 ). Patients identifi ed as having a resistant 
organism in their stool were much more likely to 
have a subsequent infection with a resistant 
pathogen. Systematic studies evaluating the 
impact of FQ prophylaxis on the bacterial resis-
tance profi les from sterile site cultures in oncol-
ogy patients are limited. As anticipated with any 
broad antibacterial use, centers with extensive 
use of FQs have documented increased rates of 
clinically relevant FQ-resistant pathogens 
(Razonable et al.  2002 ; Kern et al.  2005 ; Prabhu 
et al.  2005 ). The two large contemporary double- 
blind studies of levofl oxacin prophylaxis, which 
combined included 2,325 patients, did not note 
increased rates of resistant organisms from sterile 
site cultures; however, the studies were not pow-
ered to detect this outcome (Bucaneve et al.  2005 ; 
Cullen et al.  2005 ). Specifi cally, Bucaneve et al. 
( 2005 ) noted 3 % of patients in the levofl oxacin 

group had FQ-resistant Gram-negative bacilli as 
compared to 1 % in the placebo group (absolute 
risk difference 2 %, 95 % CI –0.4 % to 3 %, 
 p  = 0.10) while Cullen et al. ( 2005 ) did not rou-
tinely test for FQ sensitivity. 

 The use of antibacterial prophylaxis also has 
potential risk for other infectious complications. 
Exposure to FQs in adult oncology patients has 
been associated with increased incidence of 
 Clostridium diffi cile -associated diarrhea (CDAD) 
(von Baum et al.  2006 ). Rates of CDAD in hospi-
talized pediatric patients remain signifi cantly 
lower than their adult counterparts although has 
increased in the last decade (Kim et al.  2008a ). 
Additionally, there is theoretical concern that 
antibacterial prophylaxis may increase the rate of 
invasive fungal infection (IFI) though the data 
available do not support this concern (Gafter- 
Gvili et al.  2012 ). 

 FQs are the class of antibiotic most intensively 
investigated for antibacterial prophylaxis in adult 
oncology patients; in meta-analysis, FQs are the 
agents associated with the greatest benefi t 
(Gafter-Gvili et al.  2012 ). As a class their safety 
profi le is similar to other antibiotics with unique 
toxicities including rare but consistent associa-
tion with tendonitis and tendon rupture (with 
those >60 years of age and receiving concomitant 
steroids at greatest risk), as well as possible asso-
ciation with retinal detachment (Owens and 
Ambrose  2005 ; Etminan et al.  2012 ). Concern 
regarding potential FQ toxicity in children arose 
from early preclinical data that associated FQ 
exposure to articular cartilage damage in young 
animals although there is now signifi cant litera-
ture describing the safety in children (Hampel 
et al.  1997 ; Jick  1997 ; Redmond  1997 ; Bradley 
et al.  2007 ; Schaad  2007 , Noel et al.  2008 ). 
Toxicity analysis in more than 2,500 pediatric 
patients reported that levofl oxacin exposure was 
associated with an increased rate (3.4 % vs. 
1.8 %,  p  = 0.025) of musculoskeletal complaints 
(primarily arthralgia) at 12 months postexposure 
though the quality of symptoms was not different 
in the exposed and unexposed groups (Noel et al. 
 2007 ). Some concern remains that the results 
were biased by the open-label study design. 
Currently only ciprofl oxacin is approved in the 
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United States for limited indications in those 
<18 years of age by the Food and Drug 
Administration (FDA).  

14.2.4     Guidelines and Current Usage 
of Antibacterial Prophylaxis 

 The Infectious Diseases Society of America 
(IDSA) guidelines recommend the use of FQ pro-
phylaxis in high-risk adult patients, with high-risk 
being defi ned as anticipated prolonged and pro-
found neutropenia (i.e., absolute neutrophil count 
[ANC] ≤ 0.1 × 10 9 /L for >7 days) (Freifeld et al. 
 2011 ). Similarly, the National Comprehensive 
Cancer Network (NCCN) guidelines recommend 
FQ prophylaxis in patients whose infection risk is 
considered to be intermediate- or high-risk (i.e., 
neutropenia >7 days) (NCCN  2008 ). The paucity 
of data in children have precluded the generation 
of pediatric-specifi c recommendations and these 
guidelines do not address the use of prophylaxis 
in pediatric patients. Thus, survey data for pediat-
ric AML patients show that only approximately 
13 % receive routine antibacterial prophylaxis in 
North American settings (Lehrnbecher et al. 
 2009 ; Sung et al.  2013 ).  

14.2.5     Central Venous Catheter- 
Related Interventions 

 Central venous catheters (CVCs) are a com-
mon site of infection in pediatric oncology 
patients and prophylactic methods including 
CVC care plans, lock therapy as well as 
chlorhexidine cleansing are reviewed briefl y 
here. See Chap.   17     for a more detail review of 
CVC care. 

14.2.5.1     Protocols for Line 
Placement and Care 

 Revised guidelines for the prevention of infection 
with intravascular catheters have been recently 
published (O’Grady et al.  2011 ). The strategies 
recommended include systems for training those 
involved in the placement and care of catheters, 
the use of maximal sterile barrier precautions at 

the time of line placement and using a >0.5 % 
chlorhexidine skin solution with alcohol for local 
antisepsis. The guidelines emphasize the quality 
assurance and safety aspects of standardized 
“bundles” of central line care and systems for 
evaluation of compliance with institutional 
standards.  

14.2.5.2     Antibiotic and Ethanol Locks  
 Antibiotic and ethanol lock therapy involves 
using an antimicrobial agent to fi ll the lumen 
of the central venous catheter in an attempt 
to prevent line-related bacterial infections. 
A number of studies have shown effi cacy for 
various  antimicrobial agents used as lock ther-
apy, including studies in children with cancer 
(Henrickson et al.  2000 ). A meta-analysis of 
randomized controlled studies comparing van-
comycin/heparin lock versus heparin alone, 
which included fi ve studies in children with 
cancer, showed a benefi t to the use of antibiotic 
lock in prevention of infection (Safdar and Maki 
 2006 ). As with any antibacterial prophylactic 
strategy, use of the agent raises concerns for 
emergence of resistance which has been docu-
mented in a study of gentamicin central catheter 
locks (Landry et al.  2010 ). 

 Ethanol locks have a potential advantage by 
not creating antimicrobial resistance. Studies of 
ethanol locks have varied in the ethanol concen-
trations and luminal dwell times as well as other 
concurrent catheter care strategies (Majetschak 
et al.  1999 ). Several studies have been performed 
in children receiving home parenteral nutrition; 
meta-analysis of four retrospective studies in this 
patient group suggested that ethanol lock therapy 
decreased the rate of central line-related infec-
tions by 81 % (Oliveira et al.  2012 ). Rarely, 
occlusion of the central line and catheter-related 
clots have been described with the use of ethanol 
locks. Data in children with cancer are lacking 
(Wolf et al.  2013 ).  

14.2.5.3     Chlorhexidine Cleansing 
 Chlorhexidine gluconate (CHG) is a bactericidal 
antiseptic agent that causes membrane disruption. 
A cloth product with 2 % CHG (Sage Products, 
Inc., Cary, IL) was approved by the FDA in 2005 
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for preoperative skin cleansing. Studies of this 
product in adult intensive care patients have 
shown a signifi cant decrease in central line infec-
tions and acquisition of multidrug- resistant 
pathogens (Bleasdale et al.  2007 ; Climo et al. 
 2009 ; Popovich et al.  2009 ). No data are available 
utilizing this strategy in children with cancer.   

14.2.6     Future Directions 

 Data to evaluate the effi cacy and potential tox-
icity of various strategies for the prevention of 
serious bacterial infection in pediatric oncol-
ogy are urgently needed. Use of prophylactic 
antimicrobial agents needs to be evaluated for 
effi cacy as well as safety in terms of potential 
short- and longer-term impact on the evolution 
of bacterial resistance. Studies of levofl oxacin 
prophylaxis (ACCL0934) and CHG cleansing 
(ACCL1034) in children receiving intensive 
therapy for cancer are underway. Such research 
will be critical in understanding the potential 

merit of various preventative strategies with 
the ultimate goal of decreasing the burden of 
bacterial infection and resultant morbidity and 
mortality in children with cancer. Current rec-
ommendations and evidence- based grading for 
prevention of bacterial infection are summa-
rized in Table  14.1 .   

14.3     Prevention of Fungal 
Infections 

 Children undergoing treatment for cancer are also 
at increased risk of developing an IFI secondary 
to breakdown in natural barriers (e.g., indwell-
ing catheter, mucositis), defects in cell- mediated 
immunity (i.e., lymphopenia from corticoste-
roids and other anti-T-cell cytotoxic agents), and 
defi cient numbers of phagocytes (due to myelo-
suppressive chemotherapy) (Lehrnbecher et al. 
 1997 ). Having a single defect in the host defense 
system is often insuffi cient for development of an 
opportunistic IFI, but, with multiple defects, IFI 

    Table 14.1    Graded recommendations for interventions to prevent bacterial infections in children with cancer   

 Recommendation 

 Grade 

 Comments  Reference 

 Data from 
studies of 
non-oncology 
patients a  

 Data from 
studies of 
adult 
oncology 
patients a  

 Data from 
studies of 
pediatric 
oncology 
patients a  

 Antibacterial 
prophylaxis with a 
fl uoroquinolone should 
be considered for 
pediatric patients with 
expected durations of 
prolonged and 
profound neutropenia 

 Not applicable  1A  0  Recommended for 
high-risk adult oncology 
patients; insuffi cient 
data in children to 
formulate a 
recommendation 

 Gafter-Gvili et al. 
( 2012 ) 

 Antibiotic or ethanol 
locks should be 
considered for 
prevention of central 
line-related bacteremia 

 1B  1B  0  Specifi cs of antibiotic 
and ethanol lock 
therapies have varied 
across studies; 
insuffi cient data in 
children with cancer to 
formulate a 
recommendation 

 Majetschak et al. 
( 1999 ); 
Henrickson et al. 
( 2000 ); Safdar 
and Maki ( 2006 ); 
Oliveira et al. 
( 2012 ); Wolf 
et al. ( 2013 ) 

 Chlorhexidine bathing 
should be considered 
for the prevention of 
central line-related 
bacteremia 

 1B  0  0  Insuffi cient data in 
oncology patients to 
formulate a 
recommendation 

 Bleasdale et al. 
( 2007 ); Popovich 
et al. ( 2009 ) 

   a Level of evidence per Guyatt et al. ( 2006 ); see Preface  
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begins to emerge as a  signifi cant problem. The 
data on IFI development and potential prevention 
in immunocompromised hosts derive primarily 
from adult studies. However, children differ from 
adults in the types of IFI they develop and in their 
metabolism of antifungal agents. For example, 
invasive infections caused by  Candida parapsi-
losis  are more common, and  Candida glabrata  
rarer, in children as compared to adults, and inva-
sive aspergillosis (IA) can be more diffi cult to 
diagnose in children due to different radiologic 
fi ndings (Malani et al.  2001 , Burgos et al.  2008 ). 
Thus, extrapolating clinical decisions from adult 
trials may be problematic. Once IFI develops, 
even with the advent of newer antifungal agents, 
treatment success rates are suboptimal, especially 
for mold infections. For example, Burgos et al. 
( 2008 ) found that 53 % of children diagnosed 
with IA died; therefore, prevention of IFI in pedi-
atric oncology patients is likely most important in 
improving morbidity and mortality. 

14.3.1     Risk Stratifi cation 

 Based on retrospective reports, as well as tox-
icity data collected during therapeutic trials, 
several groups of pediatric patients are at high 
risk of developing an IFI: patients undergoing 

HSCT (especially from an alternative alloge-
neic donor), patients receiving chemotherapy for 
AML or relapsed ALL and patients with severe 
aplastic anemia (SAA) (Zaoutis et al.  2006 ; 
Burgos et al.  2008 ). In children being treated for 
AML, several studies have demonstrated a high 
incidence (i.e., up to 29 %) of IFI, both in newly 
diagnosed and relapsed patients (Table  14.2 ) 
(Groll et al.  1999 ; Rosen et al.  2005 ; Sung et al. 
 2007 ,  2009 ). The high rate of mold infection 
and secondary morbidity and mortality suggest 
this group of patients may benefi t from anti-
mold prophylaxis. Conversely, studies of ALL 
patients (Table  14.2 ) suggest that only those with 
relapsed disease have a high enough incidence 
of IFI to justify routine prophylaxis (Groll et al. 
 1999 ; Leahey et al.  2000 ; Rosen et al.  2005 ; 
Afzal et al.  2009 ). From a biologic standpoint, 
patients with relapsed ALL will have generally 
received years of lympholytic chemotherapy 
during which time they could have theoretically 
become colonized with fungal spores which are 
more likely to become invasive when treated 
with more aggressive myelosuppressive chemo-
therapy for their relapsed disease. The risk of IFI 
in newly diagnosed ALL and solid tumor patients 
is not high enough to justify routine use of pro-
phylactic  antifungals (Rosen et al.  2005 ; Afzal 
et al.  2009 ). A pediatric meta- analysis came to 

    Table 14.2    Incidence of invasive fungal infection (IFI) in pediatric oncology patients   

 Study design  # of patients  Disease/procedure  Prophylaxis agent  IFI incidence  Reference 

 Prospective 
(CCG 2961) 

 492  New AML  None a   14–23 % per 
phase 

 Sung et al. ( 2007 ) 

 Prospective 
(CCG 2891) 

 335  New AML  Nonabsorbable a   10–27 % per 
phase 

 Sung et al. ( 2009 ) 

 Prospective  18  New AML  Fluconazole or 
nonabsorbable 
antifungal agent 

 29 %  Groll et al. ( 1999 ) 
 7  Relapsed AML  28 % 
 97  New ALL  2 % 
 35  Relapsed ALL  9 % 

 Retrospective  261  ALL  None  10 %  Rosen et al. ( 2005 ) 
 117  AML  9 % 

 Retrospective  425  New ALL  None  1 %  Afzal et al. ( 2009 ) 
 Prospective 
(CHP-540) 

 21  Relapsed ALL  Fluconazole  19 %  Leahey et al. ( 2000 ) 

   CHP-540  Children’s Hospital of Philadelphia Trial 540,  CCG  Children’s Cancer Group,  AML  acute myelogenous 
 leukemia,  ALL  acute lymphoblastic leukemia 
 Adapted from Dvorak et al. ( 2012 ) 
  a Some patients may have received systemic antifungals  
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similar  conclusions, recommending antifungal 
prophylaxis in patients with AML/MDS (myelo-
dysplastic syndrome) but not in those with other 
malignancies even if with anticipated neutrope-
nia >7 days (Science et al.  2014 ).

14.3.2        Approaches to Antifungal 
Prophylaxis 

 Whether antifungal prophylaxis is benefi cial in 
high-risk pediatric cohorts remains controversial 
due to a lack of suffi cient data. Robenshtok et al. 
( 2007 ) performed a meta-analysis of 64 antifun-
gal prophylaxis trials and demonstrated in 
patients with acute leukemia that the risk of IFI 
development was lower with antifungal prophy-
laxis, yet did not result in a statistical improve-
ment in all-cause mortality. Only 5 of the 64 
analyzed trials included pediatric patients mak-
ing it diffi cult to generalize to the pediatric oncol-
ogy cohort. Additionally, data were not collected 
on potential altered morbidity with IFI prophy-
laxis such as decreased hospital days or need for 
intensive care. 

 Several published randomized prospective trials 
comparing antifungal agents have included pediat-
ric patients, although rarely younger than 12 years 
of age, and pediatric patients have generally not 
been separately analyzed (Table  14.3 ) (Goodman 
et al.  1992 ; Slavin et al.  1995 ; van Burik et al. 
 2004 ; Cornely et al.  2007 ; Wingard et al.  2010 ). 
Therefore, conclusions about the optimal prophy-
lactic agent in pediatric oncology patients are 
based almost exclusively upon extrapolation 
from adult data. Currently, the most commonly 
recommended agent for antifungal prophylaxis in 
high-risk children is fl uconazole although this rec-
ommendation is based on two older placebo-con-
trolled trials performed in patients >12 years older 
of age undergoing autologous or allogeneic HSCT 
(Goodman et al.  1992 ; Slavin et al.  1995 ).

   Although it reduced the risk of IFI relative to 
placebo, fl uconazole lacks activity against 
 Aspergillus  spp., which is the second most com-
mon cause of IFI in these patients. Given this 
lack of anti-mold activity, several trials have 

compared it to mold-active agents in hopes of 
further decreasing rates of IFI. The fi rst of these 
trials compared fl uconazole to low-dose conven-
tional deoxycholate amphotericin B deoxycho-
late (D-AMB); however, D-AMB did not show 
improvement over fl uconazole and resulted in a 
higher adverse event rate (Wolff et al.  2000 ). 
With the advent of liposomal amphotericin B 
(L-AMB), there was renewed interest in prophy-
laxis with an amphotericin B product, and several 
trials, including one in children, have evaluated 
L-AMB (often given only three times per week) 
for antifungal prophylaxis in HSCT and acute 
leukemia patients (Kelsey et al.  1999 ; Mattiuzzi 
et al.  2003 ; Penack et al.  2006 ; Roman et al. 
 2008 ). Again, like D-AMB, L-AMB has not been 
shown superior to fl uconazole and typically dem-
onstrates increased side effects. 

 Extended-spectrum azoles such as itracon-
azole, voriconazole and posaconazole do possess 
anti- Aspergillus  activity (Ashley et al.  2006 ). 
Several trials of itraconazole versus fl uconazole 
have been performed and although a meta- 
analysis showed signifi cantly less IFI, increased 
side effects, greater drug interactions and poor 
tolerability have led to itraconazole being aban-
doned in pediatric patients (Marr et al.  2004 ; 
Vardakas et al.  2005 ). The results of a multi-
center, double-blind trial showed that voricon-
azole was not superior to fl uconazole in the 
prevention of IFI, though the safety profi le was 
similar (Wingard et al.  2010 ). Given the broader 
spectrum of activity with voriconazole, this result 
was surprising, but may have been due to an 
incomplete understanding of the complex phar-
macokinetics of voriconazole and subsequent 
underdosing. Posaconazole is a triazole with 
broad coverage of most fungi, including zygomy-
cetes (Ashley et al.  2006 ). In a randomized, 
blinded, multicenter trial of AML/MDS patients 
≥13 years of age with neutropenia, posaconazole 
prophylaxis was superior to fl uconazole or itra-
conazole in the prevention of IFI (absolute risk 
reduction –6 %; 95 % CI, –9.7 % to –2.5 %, 
 p  < 0.001), but was also associated with an 
increased risk of serious adverse events (6 % vs. 
2 %,  p  = 0.01) (Cornely et al.  2007 ). 
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 The echinocandins (i.e., caspofungin, mica-
fungin, anidulafungin) are a novel class of anti-
fungals that target (1,3)-β-d-glucan synthase and 
thus interrupt biosynthesis of the glucan polymers 
that make up fungal cell walls. Because mamma-
lian cells do not possess cell walls, echinocandin 
administration to patients has resulted in minimal 
toxicity. Echinocandins possess fungicidal activity 
against  Candida  spp. (including  Candida krusei  
and  Candida glabrata , which possess signifi cant 
degrees of fl uconazole resistance) and  Pneumocystis 
jiroveci , as well as fungistatic activity against 
 Aspergillus  spp. (Ashley et al.  2006 ). However, 
they have limited effi cacy against  Candida parap-
silosis . The echinocandins may be superior to 
fl uconazole or amphotericin B for treatment of 
invasive candidiasis which, when combined with 
their anti- Aspergillus  activity and excellent safety 
profi le, makes them an attractive option for antifun-
gal prophylaxis (Mora-Duarte et al.  2002 ; Reboli 
et al.  2007 ). In a prophylactic trial, micafungin 
demonstrated reduced need for empiric antifungal 
therapy and an improved safety profi le compared to 
fl uconazole (van Burik et al.  2004 ). However, the 
number of pediatric subjects enrolled was small 
( n  = 84), and a reduction in the incidence of proven 
or probable IFI was not demonstrated. The lack 
of impact on IFI may have been because the inci-
dence of breakthrough IFI in both groups was very 
low, likely due to the inclusion of low-risk patients 
(46 % autologous HSCT recipients) and very few 
patients undergoing umbilical cord blood transplant 
(UCBT;  n  = 30). Caspofungin has been shown to be 
at least equivalent to itraconazole in the setting of 
antifungal prophylaxis for adults with AML/MDS 
with few adverse events (Mattiuzzi et al.  2006 ; 
Chou et al.  2007 ). Similarly, a randomized, blinded, 
multicenter study of pediatric patients with persis-
tent febrile neutropenia found comparable tolerabil-
ity, safety and effi cacy between caspofungin and 
L-AMB (Maertens et al.  2010 ).  

14.3.3     Guideline Recommendations 
for Antifungal Prophylaxis 

 Most antifungal prophylaxis guidelines are 
focused on adults with hematologic malignancies 
or those undergoing HSCT. The IDSA guidelines 

recommend patients undergoing allogeneic 
HSCT or intensive remission induction or 
salvage- induction chemotherapy for acute leuke-
mia to receive anti- Candida  agents, with all four 
azoles, micafungin, and caspofungin as accept-
able choices (Freifeld et al.  2011 ). In patients 
≥13 years of age undergoing intensive chemo-
therapy for AML or MDS,  Aspergillus -directed 
prophylaxis with posaconazole should be consid-
ered (Freifeld et al.  2011 ). Conversely, anti-
 Aspergillus  agents have not been shown to be 
benefi cial in HSCT recipients unless there is a 
prior history of IA, anticipated neutropenia (i.e., 
ANC <0.5 × 10 9 /L) for >2 weeks or a prolonged 
period of neutropenia pre-HSCT (Freifeld et al. 
 2011 ). The European Conference on Infections in 
Leukemia (ECIL) guidelines are also focused on 
adult patients undergoing induction chemother-
apy or allogeneic HSCT (Maertens et al.  2011 ). 
For patients with leukemia, the ECIL guidelines 
consider posaconazole as having the strongest 
supportive evidence, with aerosolized L-AMB 
combined with fl uconazole, fl uconazole alone, 
itraconazole and low-dose amphotericin B all 
having lesser support (Maertens et al.  2011 ). 
North American pediatric guidelines strongly rec-
ommend fl uconazole at a dose of 6–12 mg/kg/day 
(maximum 400 mg/day) for children with AML/
MDS and suggest that posaconazole 200 mg three 
times daily is an alternative in children ≥13 years 
of age in settings with a high local incidence of 
mold infection (Science et al.  2014 ). In contrast, 
pediatric ECIL guidelines suggest either posacon-
azole in children ≥13 years or itraconazole in 
those >2 years as a recommendation with moder-
ate evidence in patients with high-risk ALL, AML 
or relapsed leukemia (Groll et al.  2014 ).  

14.3.4     Limitations of Current Options 
for Antifungal Prophylaxis 

 The current options for antifungal prophylaxis all 
have certain limitations: fl uconazole is generally 
well tolerated, but has a limited spectrum of activ-
ity that does not include invasive molds; itracon-
azole is poorly tolerated due to gastrointestinal 
side effects; voriconazole, though an attractive 
option in children >12 years of age (age of most 
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trial data), has questionable standard dosing regi-
mens and multiple drug interactions; posaconazole 
lacks pharmacokinetic data in children <13 years 
of age, lacks an intravenous formulation, has unre-
liable absorption in the setting of limited oral 
intake, and shares many of the same enzymatic 
pathways and therefore drug interactions as vori-
conazole; and fi nally, echinocandins are expensive 
and lack an available oral formulation. 

 For voriconazole in particular, relatively well- 
established dosing regimens exist for children 
and adults although recent studies have ques-
tioned these standard dosing regimens and have 
instead proposed dosing based on serum drug lev-
els although the optimal serum voriconazole level 
is still uncertain (Smith et al.  2006 ; Trifi lio et al. 
 2007 ). Part of this variability may be due to allelic 
polymorphisms of the gene encoding CYP2C19, 
which can result in an increase or decrease in 
voriconazole metabolism (Pascual et al.  2008 ). In 
children the situation is further complicated by 
linear kinetics; the optimal dose may be 7 mg/kg 
twice daily for children from 2 to 12 years of age, 
while in children <2 years of age it may be as high 
as 8.5 mg/kg twice daily (Karlsson et al.  2009 ; 
Neely et al.  2010 ; Shima et al.  2010 ). Even more 
recent data has led to a proposed maintenance 
dose of 8 mg/kg twice daily for all children 
<12 years of age and for those 12–14 years of age 
weighing <50 kg (Friberg et al.  2012 ). Currently 
there is no universally accepted approach to dos-
ing or monitoring of serum levels. Voriconazole 
also has signifi cant drug interactions with com-
monly used agents in pediatric oncology patients: 
voriconazole is a substrate of CYP2CP (major), 
2C19 (major), and 3A4 (minor) and an inhibitor 
of 2C9 (moderate), 2C19 (weak), and 3A4 (mod-
erate) (Cronin and Chandrasekar  2010 ). Proton 
pump inhibitors increase voriconazole levels, 
while voriconazole increases serum levels and 
toxicity of corticosteroids, vincristine, imatinib, 
bortezomib, irinotecan and many other medica-
tions (Cronin and Chandrasekar  2010 ).  

14.3.5     Risks of Prophylaxis 

 In addition to direct toxicities (such as renal 
or hepatic) and medication interactions 

( especially with azoles), utilization of an 
antifungal agent can induce selective pres-
sure and lead to the development of resistant 
organisms. Resistance of various  Candida  spp. 
to fl uconazole is a well- known phenomenon 
and recently echinocandin resistance has also 
been noted (Pfaller et al.  2012 ). There is also 
concern that more widespread usage of pro-
phylactic voriconazole has led to more cases 
of Mucorales infection (Trifi lio et al.  2007 ). 
Theoretically this may be due to competitive 
inhibition such that Mucorales will not invade 
if  Aspergillus  spp. are present, but with vori-
conazole inhibition of  Aspergillus , the less 
common Mucorales will fi nd an opportunity 
to invade. In vitro data also suggest that vori-
conazole directly increases the virulence of 
 zygomycetes (Lamaris et al.  2009 ).  

14.3.6     Biomarkers 

 The European Organisation for Research and 
Treatment of Cancer and Mycoses Study 
Group (EORTC/MSG) has established guide-
lines to standardize the definitions of proven, 
probable and possible IFI (De Pauw et al. 
 2008 ). However, in practice, the diagnosis of 
IFI is often difficult because of the lack of spe-
cific symptoms and the invasiveness of stan-
dard diagnostic tests. Significant attention has 
been focused on developing noninvasive assays 
such as galactomannan (GMN) and (1,3)-β-d-
glucan (BDG) to diagnose IFI and as discussed 
in Chap.   1    . GMN is a polysaccharide cell wall 
component that is released by  Aspergillus  dur-
ing growth and BDG is a cell wall polymer 
found in all fungi except  Cryptococcus  spp. 
and zygomycetes. Although commercially 
available kits for detection of both GMN and 
BDG are approved by the FDA for adults, the 
role of GMN in diagnosing IFI in the pediatric 
population remains undefined and data on 
BDG testing in pediatric patients are extremely 
limited (Steinbach et al.  2007 ). Until further 
research on these and other noninvasive tests is 
performed, the potential for early diagnosis of 
IFI in pediatric oncology patients remains 
elusive.  
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14.3.7     Future Directions 

 The profound lack of data for this patient popula-
tion have led to a clinical situation where there is 
no clear agent of choice for patients at high risk of 
developing an IFI. Because of this, in April 2011 
the COG initiated a randomized open-label trial 
of caspofungin compared to fl uconazole to pre-
vent IFI in children undergoing chemotherapy for 
AML. As noted previously, a number of therapy- 
induced alterations in host defense have been 
identifi ed as risk factors for IFI. However, there 
is also considerable emerging evidence that a 
genetic component exists in the susceptibility and 
outcome of IFI for immunocompromised popu-
lations. In allogeneic HSCT recipients,  several 
polymorphisms in both host and donor genes 
appear to signifi cantly predispose patients to IFI 
(Table  14.4 ) (Kesh et al.  2005 ; Seo et al.  2005 ; 
Granell et al.  2006 ; Bochud et al.  2008 ; Mezger 
et al.  2008 ; Zaas et al.  2008 ; Cunha et al.  2010 ). 
Future investigation will likely uncover  additional 
polymorphisms that place immunocompromised 
hosts at increased risk of IFI. As more details on 
genetic risk factors emerge and are validated, 
personalized risk stratifi cation will be improved 
beyond the current system that only utilizes tra-
ditional IFI risk factors. Furthermore, although 
all such studies to date have been performed in 
 allogeneic HSCT patients, biologically it is rea-

sonable to assume that these polymorphisms will 
also play a role in the development of IFI dur-
ing  treatment of AML, relapsed ALL, SAA and, 
 potentially, even lower-risk diseases. Current rec-
ommendations and evidence grading for preven-
tion of IFI are summarized in Table  14.5 .

14.4          Prevention of  Pneumocystis 
jiroveci  Pneumonia (PCP) 

 Previously referred to as  Pneumocystis carinii , 
the distinct yeastlike fungal species that infects 
humans is now known as  Pneumocystis jiroveci , 
with the classic abbreviation PCP used to refer to 
pneumocystis pneumonia. 

14.4.1     Risk Stratifi cation 

 Because PCP prophylaxis has been broadly applied 
in pediatric oncology patients for over 25 years, it is 
diffi cult to fi rmly ascertain the risk factors for PCP 
infection in the setting of modern chemotherapeutic 
regimens. Older data suggest that the intensity of 
chemotherapy, concomitant use of corticosteroids 
with other chemotherapeutic agents, and possibly 
craniospinal irradiation were risk factors for PCP 
infection (Chusid and Heyrman  1978 ; Harris et al. 
 1980 ). Newer data show that children <2 years of 

   Table 14.4    Genetic risk factors for development of invasive fungal infection (IFI) following allogeneic hematopoietic 
stem cell transplant (HSCT)   

 Infection  Gene  Source  # of HSCTs  Hypothetical mechanism  Reference 

 IA  TLR1 and TLR6  Host  127  Decreased recognition by 
phagocytes 

 Kesh et al. ( 2005 ) 

 IA  IL-10 promoter  Host  105  Less production of IL-10  Seo et al. ( 2005 ) 
 IA  Plasminogen  Host  236  Increased tissue damage and 

invasion 
 Zaas et al. ( 2008 ) 

 IA  TLR4  Donor  366  Decreased recognition by 
phagocytes 

 Bochud et al. ( 2008 ) 

 IA  Chemokine ligand 10  Donor  139  Less response to IFN-γ, so 
less Th1 cells 

 Mezger et al. ( 2008 ) 

 IA  Dectin-1  Both  205  Less production of IFN-γ and 
IL-10 

 Cunha et al. ( 2010 ) 

 IFI  MBL  Donor  106  Decreased complement 
fi xation 

 Granell et al. ( 2006 ) 

 IFI  MASP2  Host  106  Decreased complement 
fi xation 

 Granell et al. ( 2006 ) 

   IA  invasive aspergillosis,  TLR  toll-like receptor,  IL  interleukin,  IFN  interferon,  Th1  T-helper 1,  MBL  mannan-binding 
lectin,  MASP2   MBL -associated serine protease 
 With permission from Dvorak et al. ( 2012 )  
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age and, especially, infant HSCT recipients are at 
highest risk for PCP infection (Kim et al.  2008  b ).  

14.4.2     Approaches to PCP 
Prophylaxis 

 PCP reactivation or infection is generally thought 
preventable in patients with cancer with adminis-
tration of classical prophylaxis with trimethoprim- 
sulfamethoxazole (TMP-SMX). However, in the 
setting of alternative prophylaxis agents or TMP- 
SMX noncompliance, episodes of PCP do still 
occur beginning about 2 months following initia-
tion of chemotherapy and continuing through 
recovery of T-cell functional immunity. TMP acts 
by interfering with dihydrofolate reductase, inhib-
iting synthesis of tetrahydrofolic acid and thus 
nucleic acid synthesis. TMP-SMX administration 
in conjunction with antifolates for ALL treatment 
can lead to marrow suppression and may require 
lowering of chemotherapy doses (Levinsen et al. 

 2012 ). The necessary amount of TMP-SMX 
required to prevent PCP has not been well stud-
ied, and a variety of dosing regimens exist, with 2 
or 3 days per week administration being the most 
common (Agrawal et al.  2011 ). Generally, TMP-
SMX is continued for at least 3 months following 
chemotherapy, though this recommendation is not 
evidence-based as studies have shown a variable 
rate of T-cell recovery after chemotherapeutic 
regimens, potentially dependent on patient age 
and chemotherapeutic intensity (Mackall et al. 
 1995 ; Azuma et al.  1998 ; Mazur et al.  2006 ). 

 In addition to possible bone marrow sup-
pression, many patients have allergies or other 
reactions to TMP-SMX that induce clinicians 
to prematurely discontinue its use. However, the 
optimal second-line prophylactic agent is not well 
defi ned and all options appear to be  potentially 
less effective than TMP-SMX. Agents that have 
been used include oral dapsone, intravenous 
or inhaled pentamidine and oral atovaquone. 
Dapsone is inexpensive but has a high incidence 

    Table 14.5    Graded recommendations for interventions to prevent fungal infections in pediatric oncology patients   

 Grade 

 Comments  References 

 Data from studies 
of adult or 
adolescent 
patients a  

 Data from 
studies of or 
including 
pediatric 
patients a  

 Antifungal prophylaxis 
should generally not be 
utilized for patients with 
newly diagnosed ALL 

 0  0  None 

 Antifungal prophylaxis 
with fl uconazole should 
be considered for patients 
undergoing reinduction 
for relapsed ALL 

 0  0 b   None 

 Antifungal prophylaxis 
with a minimum of 
fl uconazole can be 
considered for patients 
undergoing chemotherapy 
for AML although 
pediatric evidence is 
mixed 

 1A  1B b   Antifungal prophylaxis 
with an echinocandin or 
posaconazole can also 
be considered; there is 
no accepted dose of 
posaconazole for 
children <13 years of 
age 

 Mattiuzzi et al. ( 2006 ); 
Cornely et al. ( 2007 ); 
Robenshtok et al. 
( 2007 ); Lehrnbecher 
et al. ( 2009 ); Sung 
et al. ( 2013 ); Science 
et al. ( 2014 ) 

 Antifungal prophylaxis 
should generally not be 
utilized for patients with 
solid tumors 

 0  2B  Science et al. ( 2014 ) 

   ALL  acute lymphoblastic leukemia,  AML  acute myelogenous leukemia 
  a Level of evidence per Guyatt et al. ( 2006 ); see Preface 
  b Area in urgent need of further investigation  
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of adverse events, especially in patients with 
glucose- 6-phosphate dehydrogenase (G6PD) 
defi ciency (Sangiolo et al.  2005 ). Intravenous 
pentamidine every 4 weeks has also been used, 
though inadequate protection has been noted in 
children <2 years of age and in those undergo-
ing HSCT, who may require more frequent dos-
ing (Kim et al.  2008  b ). Aerosolized pentamidine 
is generally well tolerated other than occasional 
bronchospasm, but its effectiveness has been 
questioned and it requires a compliant patient, 
generally 6 years of age and older (Vasconcelles 
et al.  2000 ). Atovaquone is also well tolerated, but 
absorption can be limited in patients not eating 
diets containing fatty foods. In vitro, the echino-
candin class of antifungal agents appears to have 
some activity against the cyst form of  P. jiroveci . 
To date, no study has evaluated an echinocandin 
as a solitary prophylactic agent; however, a few 
case reports have described their potential utility 
in combination with TMP-SMX for the treatment 
of PCP (Annaloro et al.  2006 ; Beltz et al.  2006 ).  

14.4.3     Summary of the 
Recommendations 
from Guidelines for PCP 
Prophylaxis 

 Perhaps because PCP prophylaxis is near- universal 
and of little controversy, the IDSA does not have 
guidelines for PCP prophylaxis in patients receiving 
chemotherapy. The joint guidelines of the American 
Society for Blood and Marrow Transplantion 
(ASBMT), IDSA and others list TMP- SMX as fi rst 
choice, with dapsone, atovaquone and both forms of 
pentamidine as acceptable alternatives in pediatric 
HSCT patients (Tomblyn et al.  2009   ).  

14.4.4     Future Directions 

 Although questions remain regarding the dosing 
schedule and toxicities of TMP-SMX as well as 
the optimal second-line agents, the relative rarity 
of PCP infection today (except in the setting of 
medication noncompliance) makes the perfor-
mance of future prospective trials a daunting 
endeavor, as the power required to show differ-

ences in outcome would require enormous num-
bers of patients. In this unique infection, large 
retrospective analyses may be the only way to 
obtain useful information on how to standardize 
approaches to optimal PCP prophylaxis.   

14.5     Prevention of Viral Infections 

 Although signifi cant questions are yet to be 
answered, the foundation for preventing bacterial 
and fungal infections has been established. This 
foundation includes a logical approach of strati-
fying patients by risk of infection and then insti-
tuting prophylactic therapy for high-risk patients. 
For many reasons, this preventative model can-
not be easily adapted to viral pathogens. First, 
 children with cancer are at risk of infection from 
a wide variety of viruses with various modes of 
transmission including from close contacts and 
the surrounding environment or from reactiva-
tion within the patient. Second, establishing risk 
strata that can be generically applied to all viral 
infections is extremely challenging; host fac-
tors, such as prolonged lymphopenia in a well-
appearing child with ALL that increases the risk 
for certain viral infections, are not traditionally 
considered risk factors and the course of infec-
tion can be extremely variable from benign in one 
 immunosuppressed patient to fatal in another. 
Third, there are limited effective antiviral thera-
peutic options that can be employed in a prophy-
lactic manner; the few antiviral options that do 
exist often have activity against specifi c viruses, 
thus limiting their impact as broad-spectrum pro-
phylactic options. 

 Therefore, in order to effectively prevent viral 
infections, a more comprehensive approach that 
targets the patient, close contacts of the patient 
and the patient’s environment is necessary. 
Despite these challenges some important strate-
gies have been developed including preexposure 
prophylaxis (i.e., vaccination), postexposure pas-
sive prophylaxis (i.e., immunoglobulin), chemo-
prophylaxis, suppressive therapy (i.e., prevention 
of viral reactivation), hospital infection control 
practices and anticipatory guidance to be applied 
in the home or school setting. Here, suppressive 
therapy, chemoprophylaxis and hospital infection 
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control are discussed while active and passive 
prophylaxis is discussed in Chap.   16    . 

14.5.1     Postexposure 
Chemoprophylaxis 

 Every viral infection has an incubation period 
which establishes a window of time during 
which preventative efforts, if available, may 
be enacted to avert progression to symptom-
atic infection. Currently, chemoprophylaxis 
is routinely employed for infl uenza exposure. 
Randomized trials have established the effi -
cacy of antiviral prophylaxis in immunocom-
petent healthy household contacts of a person 
with infl uenza (Hayden et al.  2000 ; Welliver 
et al.  2001 ). Although  similar data do not exist 
for immunocompromised individuals exposed 
to infl uenza, it is reasonable to extrapolate the 
aforementioned studies to support postexpo-
sure antiviral prophylaxis in such cases. Based 
on these data the Advisory Committee on 
Immunization Practices (ACIP) currently rec-
ommends administration of an antiviral regimen 
after face-to-face exposure with an infl uenza- 
infected person. The antiviral therapy should 
be initiated within 48 h of exposure for optimal 
benefi t and continued for 10 days (Fiore et al. 
 2011 ). Neuraminidase inhibitors (i.e., oselta-
mivir, zanamivir) are typically fi rst-line antivi-
ral prophylactic agents; however, seasonal and 
regional resistance patterns may vary yearly, 
necessitating awareness of annual resistance 
characteristics (Table  14.6 ).

14.5.2        Suppressive Therapy 

 Daily suppressive antiviral therapy is an option for 
preventing some herpesviruses from reactivating 
during periods of immunosuppression. Given the 
available antiviral agents, predominant interest 
regards suppressive therapy for cytomegalovirus 
(CMV), herpes simplex virus (HSV) and vari-
cella-zoster virus (VZV). Prophylaxis against 
each of these herpesviruses is primarily discussed 
in relationship to allogeneic HSCT recipients 
where the potential for viral reactivation  secondary 
to patient or donor seropositivity is signifi cant. 

 CMV reactivation disease has been reported in 
children receiving chemotherapy for malignancy; 
however, there are no comprehensive data to sup-
port a recommendation for universal prophylaxis 
or preemptive therapy in this patient population 
(Licciardello et al.  2011 ). Data from HSCT popu-
lations report the effi cacy of ganciclovir in pre-
venting CMV reactivation although comparison of 
prophylaxis to preemptive therapy (i.e., started if a 
patient becomes positive for CMV on surveillance 
testing) showed no difference in the rate of pro-
gression to CMV disease or death (Goodrich et al. 
 1993 ; Winston et al.  1993 ; Boeckh et al.  1996 ). 
Additionally, concern remains in regard to the sig-
nifi cant myelosuppression caused by ganciclovir. 

 Although the mortality risk of HSV reactivation 
is not as signifi cant as CMV, the high rate of HSV 
reactivation in adult HSCT recipients and oncology 
patients prompted early investigations into the ben-
efi ts of suppressive therapy. Multiple controlled tri-
als in adult seropositive allogeneic HSCT and 
malignancy patients have revealed the benefi ts of 

   Table 14.6    Postexposure chemoprophylaxis regimens for infl uenza in immunocompromised children   

 Prophylaxis regimen  Comment 

 First-line therapy options:  Therapy to be started within 48 h of exposure and continued 
for 10 days; seasonal and regional resistance patterns may 
dictate variation in therapeutic choices; exposed patients who 
have not received their yearly infl uenza vaccine should also 
be administered with the inactivated infl uenza vaccine 

  Oseltamivir: 
       3–11 months: 3 mg/kg/dose once daily 
   1–12 years: 
     ≤15 kg: 30 mg once daily 
     >15 kg to ≤ 23 kg: 45 mg once daily 
     >23 kg to ≤ 40 kg: 60 mg once daily 
     >40 kg: 75 mg once daily 
     > 12 years: 75 mg once daily 
  Zanamivir: 
     ≥ 5 years: two inhalations (10 mg) once daily 

14 Prevention of Infection

http://dx.doi.org/10.1007/978-3-662-44317-0_16


238

acyclovir prophylaxis leading to a consensus among 
various published guidelines of endorsing acyclovir 
suppressive therapy in these adult populations (Saral 
et al.  1981 ,  1983 ; Anderson et al.  1984 ; Sullivan 
et al.  2001 ; Styczynski et al.  2009 ; Tomblyn et al. 
 2009   ). Unfortunately, there are limited pediatric-
specifi c data to guide decisions on HSV prophylaxis 
in children. For children receiving chemotherapy for 
malignancy, it has not been recommended to rou-
tinely administer acyclovir prophylaxis but instead 
to monitor for evidence of breakthrough infection 
(Licciardello et al.  2011 ). There are no recommen-
dations to guide therapeutic decisions for pediatric 
cancer patients suffering from recurrent HSV reacti-
vation. In this scenario it is  reasonable to consider 
acyclovir or valacyclovir suppressive therapy for the 
period of time that the patient is immunosuppressed. 
The clinician must balance the benefi t of reducing 
morbidity from HSV reactivation with the side 
effects of daily suppressive therapy. 

 Beyond vaccination and passive immunopro-
phylaxis (see Chap.   16    ), suppressive therapy with 
acyclovir has also been explored and found effec-
tive to prevent VZV infections, mainly in adult and 
pediatric HSCT recipients (Boeckh et al.  2006 ). 

No data are available in regard to high-risk pediat-
ric oncology populations.  

14.5.3     Future Directions 

 The available diagnostic modalities to identify 
viruses far surpass knowledge on preventing 
acquisition and suppressing reactivation of these 
viral pathogens in pediatric oncology patients. 
There remain a paucity of antiviral options for a 
number of viral pathogens. Even when a  reasonable 
antiviral option exists, there often are limited pedi-
atric-specifi c data to guide recommendations for 
prophylactic or preemptive approaches. Efforts to 
discover improved preventative or suppressive 
interventions, either through antiviral medications 
or passive immune therapies, are necessary. As 
these novel therapeutic interventions become clin-
ically utilized, it is important that pediatric-spe-
cifi c trials be designed so that continued 
extrapolation from predominantly adult data is no 
longer required. Recommendations and their evi-
dence basis for suppression of viral infection are 
summarized in Table  14.7 .

    Table 14.7    Graded recommendations for chemoprophylaxis for the prevention or suppression of viral infections in 
pediatric oncology patients   

 Recommendation 

 Grade 

 Comments  Reference 

 Data from 
studies of adult 
oncology 
patients a  

 Data from studies 
of pediatric 
oncology patients a  

 Postexposure infl uenza 
antiviral prophylaxis should 
be administered after 
face-to-face contact with an 
infl uenza-infected person 

 0  0  Recommendation by ACIP 
based on RCTs in 
immunocompetent exposed 
household contacts 

 Hayden et al. 
( 2000 ); Welliver 
et al. ( 2001 ) 

 No data to support either a 
prophylactic or preemptive 
approach for CMV 
reactivation in high-risk 
pediatric oncology patients 

 1B  Pediatric patients 
included in the 
adult trials 

 Published guidelines 
support either a 
prophylactic or preemptive 
approach 

 Suppressive therapy for 
patients with a history of 
HSV can be considered in 
children with leukemia 

 1B  Few pediatric 
patients included 
in the adult trials 

 No defi nitive evidence that 
daily suppressive therapy is 
superior in children 
compared to initiating 
therapy at the time of 
breakthrough HSV 
infection 

 Saral et al. 
( 1981 ); Saral 
et al. ( 1983 ); 
Anderson et al. 
( 1984 ) 

   ACIP  Advisory Committee on Immunization Practices,  RCT  randomized controlled trial,  CMV  cytomegalovirus,  
HSV  herpes simplex virus 
  a Level of evidence per Guyatt et al. ( 2006 ); see Preface  
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14.6         Infection Control Practices 

 As evidenced by the preceding sections, much of 
the focus for infection prevention has been on 
interventions (i.e., antimicrobial prophylaxis, 
suppressive therapy) aimed at reducing the 
 incidence of specifi c pathogens. Although these 
specifi c interventions are vital in reducing the 
impact of infection in pediatric oncology patients, 
such strategies can only account for a minority of 
pathogens that patients are exposed to in the hos-
pital and community. Therefore, infection control 
practices should be considered paramount in 
these vulnerable patients. This section highlights 
various hospital-based interventions that should 
be employed to reduce exposures to infectious 
pathogens. Community- and home-based infec-
tion control practices are also important but are 
outside the scope of this chapter. 

14.6.1     Hand Hygiene 

 Healthcare worker (HCW) compliance with hand 
hygiene is arguably the most important practice 
for reducing patient exposures to infectious 
pathogens. The Centers for Disease Control and 
Prevention (CDC) and the World Health 
Organization (WHO) have each endorsed proto-
cols for appropriate hand hygiene (Boyce et al. 
 2002 ; WHO  2009 ). Despite the known benefi ts of 
hand hygiene, HCW compliance on oncology 
wards has been reported to be <60 % (Siegel and 
Korniewicz  2007 ). Given recent national focus 
on hand hygiene compliance, this rate has likely 
improved; however, anything less than 100 % 
compliance should be considered unacceptable.  

14.6.2     Mandatory Vaccination 

 Vaccination of family members is an important 
practice in creating a cocoon of protection against 
certain vaccine-preventable diseases for immu-
nocompromised patients. HCWs should consider 
themselves “family members” to inpatients and 
should be motivated to help establish this cocoon 
of protection in the hospital setting. Unfortunately, 
despite the personal benefi ts of vaccination and 
potential for some vaccines such as infl uenza to 

extend protection to vulnerable patients, HCW 
compliance with vaccination has been tradition-
ally poor (Feemster et al.  2011 ). Although man-
datory HCW infl uenza vaccination has been 
debated, recent data on mandating infl uenza vac-
cine for all hospital staff employees support this 
as an appropriate action plan (Helms and 
Polgreen  2008 ; Isaacs and Leask  2008 ; Feemster 
et al.  2011 ). 

 In addition to infl uenza, it has been well doc-
umented that children with malignancy have a 
reduction in their humoral and cellular immuni-
ties to pertussis during chemotherapy and up to 
18 months after chemotherapy completion 
(Cheng et al.  2010 ). The recent epidemic 
increase in cases of pertussis in the United States 
amplifi es the potential for pertussis infection in 
children with malignancy (Cherry  2012 ). 
Because immunity to pertussis after childhood 
and adolescent vaccination wanes, booster vac-
cination in adults is necessary and specifi cally 
recommended in healthcare personnel (ACIP 
 2012 ; Klein et al.  2012 ). Similar to infl uenza 
vaccine, mandatory vaccination of HCWs 
against pertussis has been successfully employed 
at a university hospital and should be considered 
by all medical institutions to extend protection to 
the vulnerable pediatric oncology population 
(Weber et al.  2012 ).  

14.6.3     Hospital Isolation Practices 

 Appropriate isolation of patients diagnosed with 
a communicable infection or with symptoms 
consistent with such infection is also pivotal in 
reducing transmission between patients. A gen-
eral guideline for isolation precautions has been 
published by the Healthcare Infection Control 
Practices Advisory Committee sponsored by the 
CDC (Siegel et al.  2007 ). Although this docu-
ment does not dictate specifi c isolation practices 
for each infectious organism, it does serve as a 
foundation for hospitals to establish their own 
infection control protocols. Additionally, the 
guideline briefl y discusses isolation practices in 
immunocompromised patients. In many 
instances, the application of infection control 
policies can be consistent across immuno-
competent and immunocompromised patient 
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 populations. However, in certain circumstances, 
adapting isolation precautions to children with 
malignancy or HSCT recipients can be challeng-
ing. In 2000, a collaborative effort between the 
CDC, IDSA and ASBMT resulted in a guideline 
for infection control practices in HSCT recipi-
ents, with a majority of the recommendations 
based on expert opinion or committee consensus, 
not specifi c to pediatric patients, and not focused 
on patients undergoing chemotherapy for malig-
nancy (CDC et al.  2000 ). Updated guidelines are 
warranted so gaps in knowledge can be effec-
tively identifi ed and further investigated. In the 
meantime, local oncologists are encouraged to 
interact with their hospital infection control 
teams in applying isolation guidelines that are 
most appropriate for their patient populations.  

14.6.4     Visitor Screening Policies 

 In addition to isolation of hospitalized patients 
with infectious pathogens, visitors should be con-
sidered a potential reservoir for infectious organ-
isms, especially in hospital units caring for 
high-risk patients (Siegel et al.  2007 ). The afore-
mentioned HSCT-specifi c infection control 
guidelines recommend visitors with symptomatic 
infectious illnesses be restricted from entering 
the HSCT unit, and a similar approach is reason-
able for the oncology ward (Sullivan et al.  2001 ). 
In order to identify visitors with such illnesses, 
hospitals should establish formal visitor screen-
ing protocols; however, there is limited evidence 
to guide the most effective mechanism for such 
screening. Some hospitals have used passive pro-
grams including signs to communicate symptoms 
of infections to visiting family members and 
friends, while other hospitals have employed 
more active surveillance programs that include 
screening questions administered to visitors prior 
to hospital entry (Siegel et al.  2007 ). The effec-
tiveness of either strategy has not been well delin-
eated in the medical literature. While an active 
surveillance approach would seemingly be more 
effective, the implementation of such a practice 
requires trained hospital personnel to be consis-
tently available for screening of all visitors. 

Future investigations are necessary to determine 
an effective visitor screening policy that is feasi-
ble to implement.  

14.6.5     Work Restriction 

 Patient visitors are not the only source of 
community- acquired pathogens. HCWs  represent 
an additional important reservoir from which 
patients can be exposed to communicable dis-
eases. A survey of HCWs found that 86 % of hos-
pital personnel with a recent upper respiratory 
infection admitted to providing care after their 
symptoms had started (LaVela et al.  2007 ). This 
misguided dedication to patient care can place 
pediatric oncology patients at risk for signifi cant 
morbidity. Guidelines exist that recommend 
institutions to restrict HCWs with viral upper 
respiratory symptoms from attending clinical 
duties for high-risk patients (Bolyard et al.  1998 ). 
While it is unlikely that HCWs will restrict them-
selves, institutions should enact policies that pre-
vent HCWs with such symptoms from coming to 
work.  

14.6.6     Cytomegalovirus (CMV) 
Status of Transfused Blood 
Products 

 Transfusion of platelets or packed red blood cells 
represents a source for transmission of CMV 
infection via latent virus in white blood cells that 
are in the transfusion product (Ziemann et al. 
 2007 ). The potential for transmission is of par-
ticular concern in CMV-seronegative children 
presenting for allogeneic HSCT as reactivation of 
CMV during the posttransplant period can be 
devastating (Bueno et al.  2002 ). No data in regard 
to CMV infection in high-risk pediatric oncology 
patients are available in the literature. In HSCT 
patients, transfusion of leukocyte- reduced blood 
products has been shown to be as safe as transfu-
sion from a CMV-seronegative donor and should 
be considered standard of care (Bowden et al. 
 1995 ; Thiele et al.  2011 ). See Chap.   2     for a more 
detailed discussion of this topic.   
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14.7     Summary 

 Infection remains a signifi cant contributor to 
both morbidity and mortality in children with 
cancer. Because of the diffi culty in treating some 
infections in the setting of a compromised 
immune system, the importance of safe and 
effective  preventative strategies is paramount. 
Knowledge from studies performed in adult 
oncology patients can be informative. However, 
issues unique to children such as the types of can-
cer, therapeutic regimens employed, immune 
system ontogeny, as well as age-related drug 
metabolism and toxicities underlie the need for 
pediatric-specifi c data. A number of studies are 
underway which will fi ll some of the current gaps 
in knowledge. It is anticipated that research into 
the prevention of infection in children with can-
cer will ultimately have a signifi cant impact on 
reducing the burden of disease and improving 
disease suppression.     
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    Abstract   

 Several recombinant human hematopoietic 
growth factors are approved and in clinical use 
but not all are approved for use in children 
with cancer. Here we review the evidence- 
based guidelines for neutrophil stimulating 
factors granulocyte colony- stimulating factor 
(G-CSF) and granulocyte- macrophage col-
ony-stimulating factor (GM-CSF) as well as 
evidence regarding erythropoietins and plate-
let growth factors interleukin-11 (IL-11) and 
thrombopoietin (TPO)-receptor agonists. 
Among these hematopoietic growth factors, 
only G-CSF and GM-CSF are approved in 
children with cancer; we review the evidence 
regarding their use in different clinical sce-
narios as well as the appropriate timing and 
dose of therapy. Evidence regarding the cur-
rent status of the other hematopoietic cyto-
kines in regard to pediatric oncology patients 
is also reviewed.  

15.1         Introduction 

 Several recombinant human hematopoietic 
growth factors are approved and in clinical use but 
not all are approved for use in children with can-
cer. Here we review the evidence-based guide-
lines for neutrophil stimulating factors granulocyte 
colony-stimulating factor (G-CSF) and granulo-
cyte-macrophage colony-stimulating factor 
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(GM-CSF) as well as evidence regarding erythro-
poietins and platelet growth factors interleukin- 11 
(IL-11) and thrombopoietin (TPO)-receptor ago-
nists. Among these hematopoietic growth factors, 
only G-CSF and GM-CSF are approved in chil-
dren with cancer; we review the evidence regard-
ing their use in different clinical scenarios as well 
as the appropriate timing and dose of therapy. 
Evidence regarding the current status of the other 
hematopoietic cytokines in regard to pediatric 
oncology patients is also reviewed. 

 Multiple excellent reviews of hematopoietic 
growth factors as well as consensus statements 
by the American Society of Clinical Oncology 
(ASCO), American Society of Hematology 

(ASH) and European Society for Medical 
Oncology (ESMO) are additionally available in 
the literature although the ASCO, ASH and 
ESMO consensus statements are mainly for adult 
patients (Schaison et al.  1998 ; Feusner and 
Hastings  2002 ; Lehrnbecher and Welte  2002 ; 
Smith et al.  2006 ; Kuter  2007 ; Rizzo et al.  2010 ; 
Schrijvers et al.  2010 ). The following guidelines 
should be considered a general framework that 
must be refi ned as additional data become avail-
able. When no specifi c recommendations for the 
use of hematopoietic growth factors exist within 
a study protocol or the patient is not enrolled in a 
study, the following graded guidelines may prove 
useful (Table  15.1 ).  

   Table 15.1    Graded recommendations for the utilization of hematopoietic growth factors a    

 Clinical scenario  Recommendation 
 Level of 
evidence b  

 Treatment of myelosuppression after 
chemotherapy (primary prophylaxis) 

 Consider if risk of neutropenia is ≥20 % or if patient had 
neutropenia with previous course of chemotherapy 

 1B 

 Prevention of febrile neutropenia to avoid 
delay or dose reduction in subsequent 
chemotherapy (secondary prophylaxis) 

 Can be considered in cases where delay or dose reduction 
is shown to be harmful in treatment outcome 

 2C 

 Treatment of neutropenia to prevent 
infection or with known infection 

 G-CSF should be given in patients with high-risk 
neutropenia (i.e., pneumonia, hypotension, multiorgan 
dysfunction, fungal infection, neutropenia >28 days, 
bacterial sepsis, age <12 months) 

 1C 

 Treatment of myelosuppression with 
radiation therapy 

 Can be considered without concomitant chemotherapy and 
if radiation is not to the mediastinum 

 1C 

 Utilization of G-CSF versus GM-CSF 
for neutropenia 

 G-CSF should be utilized for neutropenia due to increased 
effi cacy and decreased side effects 

 1B 

 Utilization of fi lgrastim (G-CSF) 
versus pegfi lgrastim 

 Likely equal effi cacy; data are lacking in pediatric patients 
to routinely recommend pegfi lgrastim 

 2C 

 Dose of G-CSF to use for neutropenia  Recommended 5 mcg/kg/day; alternative day schedules 
may be adequate but have not been studied 

 1A 

 Route of administration for G-CSF  Subcutaneous is the preferred route  2B 
 Timing of G-CSF after chemotherapy  Can be started 1–5 days after completion of chemotherapy; 

data are lacking to distinguish effi cacy between starting 1 or 
5 days after chemotherapy completion 

 1B 

 Timing of G-CSF discontinuation  Stop when post-nadir (i.e., >7–10 days after chemo 
initiation and ANC >0.5–1.0 × 10 9 /L); stop ≥24 h before 
next chemotherapy cycle 

 1B 

 Utilization of EPO for chemotherapy- 
induced anemia 

 Can be considered only if there is contraindication to red 
blood cell transfusion 

 1C 

 Utilization of IL-11 for chemotherapy- 
induced thrombocytopenia 

 Signifi cant side effects; lack of evidence to recommend  1A 

 TPO-receptor antagonists for 
chemotherapy-induced thrombocytopenia 

 Data are lacking to recommend  1B 

   a See text for full detail 
  b Level of evidence per Guyatt et al. ( 2006 ); see Preface  
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15.2     Granulocyte Colony- 
Stimulating Factors 

 Colony-stimulating factors (CSFs) can be non-
lineage specifi c such as IL-3, IL-6, IL-11 and 
stem cell factor or be restricted to a single lineage 
such as G-CSF (fi lgrastim) with neutrophils. 
Serum levels of CSFs are low unless stimulated 
by infection or by a reduction in terminally dif-
ferentiated cells (Lieschke and Burgess  1992 ). 
CSF concentration may then be altered by both 
changes in production and rates of clearance; high 
neutrophil levels increase CSF clearance (Layton 
et al.  1989 ). Normal G-CSF levels are approxi-
mately 25 pg/mL with levels ≥1,000 pg/mL seen 
in response to severe infection (Kawakami et al. 
 1990 ). GM-CSF (sargramostim) was the fi rst 
cytokine approved by the United States Food and 
Drug Administration (FDA) for stimulation of 
myelopoiesis in the posttransplant setting and has 
activity on multiple cell lineages including mono-
cytes and neutrophils. GM-CSF was subsequently 
followed by G-CSF for both chemotherapy-
induced neutropenia and in the posttransplant set-
ting. A longer lasting pegylated form of G-CSF, 
pegfi lgrastim, is FDA approved in adults for stim-
ulation of granulopoiesis after myelosuppressive 
chemotherapy in nonmyeloid malignancies but is 
yet to be approved in pediatric patients (Holmes 
et al.  2002 ). Limited studies are available on the 
use of pegfi lgrastim in pediatric oncology but it 
appears effective with a similar side effect profi le 
to G-CSF in solid tumor patients (Wendelin et al. 
 2005 ; te Poele et al.  2005 ; André et al.  2007 ; 
Borinstein et al.  2009 ; Fox et al.  2009 ; Milano-
Bausset et al.  2009 ; Spunt et al.  2010 ). 

15.2.1     Clinical Usage of Myeloid 
Growth Factors 

 Utilization of myeloid CSFs has been reported 
for the following clinical situations: (1) treatment 
of myelosuppression after chemotherapy (pri-
mary prophylaxis), (2) prevention of febrile neu-
tropenia and delay or dose reduction in subsequent 
chemotherapy delivery (secondary prophylaxis), 
(3) treatment of neutropenia to prevent infection, 

and (4) treatment of infection with neutropenia. 
Pediatric guidelines are lacking although reviews 
and meta-analyses have been published 
(Lehrnbecher and Welte  2002 ; Sung et al.  2004 ; 
Wittman et al.  2006 ). Although established for 
adult oncology patients, guidelines by ASCO, 
ESMO and the European Organisation for 
Research and Treatment of Cancer (EORTC) can 
be generalized to pediatric patients as pediatric 
data alone are inconclusive (Smith et al.  2006 ; 
ESMO  2007 ; Aapro et al.  2011 ). Generally, the 
three sets of adult guidelines are similar, 
 recommending CSFs in patients who are: (1) 
expected to have a ≥20 % risk of chemotherapy-
induced neutropenia, (2) have previously  suffered 
chemotherapy- induced febrile neutropenia and 
delay or dose reduction in chemotherapy delivery 
which may affect treatment outcome, and (3) as 
supportive treatment in patients with high-risk 
febrile neutropenia, variably defi ned as 
>7–10 days of neutropenia with uncontrolled pri-
mary disease, hypotension, profound neutropenia 
(i.e., ANC <0.1 × 10 9 /L), sepsis, pneumonia or 
fungal infection (Smith et al.  2006 ; ESMO  2007 ; 
Aapro et al.  2011 ). 

15.2.1.1     Treatment of 
Myelosuppression with 
Chemotherapy Delivery 

 As stated, adult ASCO, ESMO and EORTC 
guidelines support the use of CSFs in patients 
with ≥20 % risk of neutropenia or in patients 
who have suffered neutropenia in previous 
courses of chemotherapy. Meta-analyses in pedi-
atric patients by Sung et al. ( 2004 ) and Wittman 
et al. ( 2006 ) similarly support this recommenda-
tion in pediatric patients. Both found a signifi cant 
reduction in febrile neutropenia, length of 
 hospital stay and documented infection with pro-
phylactic G-CSF although there was no benefi t in 
infection-related mortality (Sung et al.  2004 ; 
Wittman et al.  2006 ). A meta-analysis by Sasse 
et al. ( 2005 ) in the use of CSFs in pediatric acute 
lymphoblastic leukemia (ALL) patients similarly 
found shorter hospital stays and fewer infections 
with prophylactic CSF use although there was no 
reduction in duration of neutropenia and no use-
ful information on survival. Sung et al. ( 2013 ) 
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recently analyzed G-CSF prophylaxis in pediat-
ric acute myelogenous leukemia (AML) patients 
treated on the AAML0531 Children’s Oncology 
Group (COG) study and found a signifi cant 
reduction in bacterial infection; this contrasts 
with Lehrnbecher et al. ( 2007 ) who reported that 
although G-CSF signifi cantly reduced time of 
neutropenia in the AML-BFM 98 trial, there was 
no decrement in episodes of febrile neutropenia, 
documented infections, infection-related mortal-
ity or 5-year event-free survival. A meta-analysis 
of AML patients similarly found no benefi t of 
CSF prophylaxis in the prevention of infection 
(Gurion et al.  2012 ).  

15.2.1.2     Prevention of Febrile 
Neutropenia, Delay 
in Chemotherapy Delivery, 
or Dose Reduction 

 Adult guidelines recommend consideration for 
CSFs in patients in which delay in chemotherapy 
delivery or dose reduction is known to be poten-
tially harmful in treatment outcome (Smith et al. 
 2006 ; ESMO  2007 ; Aapro et al.  2011 ). Early 
phase I and II studies in adult patients have shown 
that reduction in chemotherapy delay can be 
achieved with G-CSF and GM-CSF (Antman 
et al.  1988 ; Bronchud et al.  1989 ). Pediatric data 
are unclear although the recently published 
improved survival in localized Ewing sarcoma 
patients who received compressed every 2-week 
therapy with G-CSF support as compared to the 
standard every 3-week arm implies there are situ-
ations in which G-CSF may be benefi cial (Womer 
et al.  2012 ). Further data are required to make 
more generalized pediatric recommendations. As 
a corollary, G-CSF has been analyzed as a method 
to increase dose intensity since chemotherapeutic 
effect is directly related to the dose delivered 
(Bonadonna and Valagussa  1981 ; Kwak et al. 
 1990 ). Multiple pediatric studies have evaluated 
increased dose intensity with G-CSF support, 
and although these studies have shown the safety 
of this method, benefi t on outcome has not been 
delineated (Woods et al.  1993 ; Kushner et al. 
 1994 ; White et al.  1994 ; Jones et al.  1995 ; 
Kushner et al.  1995 ; Michon et al.  1998 ; 
Fernandez et al.  2000 ; Kushner et al.  2000 ; 

Michel et al.  2000 ; Saarinen-Pihkala et al.  2000 ; 
Alonzo et al.  2002 ). In the meta-analysis by Sasse 
et al. ( 2005 ) in pediatric ALL patients, CSF usage 
had no effect on chemotherapy delays.  

15.2.1.3     Treatment of Febrile 
Neutropenia 

 As described, adult consensus guidelines recom-
mend utilization of CSFs in patients with high- 
risk neutropenia which is variably defi ned as 
neutropenia for >7–10 days, profound neutrope-
nia with ANC <0.1 × 10 9 /L, as well as clinical 
situations including pneumonia, hypotension, 
sepsis syndrome with multiorgan failure, uncon-
trolled primary disease and invasive fungal infec-
tion (Smith et al.  2006 ; ESMO  2007 ; Aapro et al. 
 2011 ). In a meta-analysis of randomized con-
trolled trials, Clark et al. ( 2005 ) found that the 
use of CSFs in established febrile neutropenia 
reduced hospital stay and neutrophil recovery 
with potential marginal effect on infection- 
related mortality; no subgroup analysis on 
patients defi ned as high-risk could be performed. 
Limited data exist in pediatric patients: three ran-
domized prospective trials have shown shortened 
median hospital stays, days of antibiotic use, cost 
of treatment and a reduction in duration of the 
febrile neutropenic episode (Riikonen et al.  1994 ; 
Mitchell et al.  1997 ; Ozkaynak et al.  2005 ). 
Pediatric consensus guidelines suggest similar 
parameters for utilization of CSFs in febrile neu-
tropenia as adult guidelines, recommending 
usage in patients with pneumonia, hypotension, 
multiorgan dysfunction and fungal infection as 
well as, potentially, prolonged neutropenia (i.e., 
>28 days), bacterial sepsis and age <12 months 
(Schaison et al.  1998 ; Lehrnbecher and Welte 
 2002 ). Although no pediatric study has demon-
strated that CSF usage impacts infection- related 
mortality, reduction in hospital stay and therefore 
cost are reasonable parameters to support CSF 
utilization, especially in the high-risk patient.  

15.2.1.4     Treatment 
of Myelosuppression 
with Radiation Therapy 

 Adult guidelines recommend avoidance of CSFs 
during concomitant radiation therapy to the 
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mediastinum due to a noted increased risk of 
mortality (Smith et al.  2006 ; ESMO  2007 ). The 
ASCO guidelines also warn against the use of 
CSFs when chemotherapy and radiation therapy 
are being administered jointly (Smith et al.  2006 ). 
No pediatric data are available to make recom-
mendations for these clinical scenarios. The 2002 
pediatric guidelines by Lehrnbecher and Welte 
recommend against G-CSF usage with concomi-
tant chemotherapy and radiation therapy while 
no mention is made of utilization with radiation 
therapy alone.   

15.2.2     Optimal Administration 
of Colony-Stimulating Factors 

 The optimal CSF formulation in pediatric oncol-
ogy patients as well as the best dosing schedule, 
route of administration and timing of administra-
tion must all be considered when administering 
CSFs. 

15.2.2.1     Comparison of Granulocyte 
Colony-Stimulating Factor 
and Granulocyte-Macrophage 
Colony-Stimulating Factor 

 GM-CSF is not FDA approved for treating 
chemotherapy- induced myelosuppression or 
febrile neutropenia. A meta-analysis of G-CSF 
and GM-CSF trials for this purpose in adult 
oncology patients reported a signifi cantly 
increased rate of fever in patients receiving 
GM-CSF, a lack of head to head trials between 
GM-CSF and G-CSF, and GM-CSF being inef-
fective in reducing febrile neutropenia compared 
with placebo (Dubois et al.  2004 ). EORTC adult 
guidelines recommend fi lgrastim, pegfi lgrastim 
or lenograstim (not FDA approved) with equipo-
tency; ESMO recommends either fi lgrastim or 
pegfi lgrastim; and ASCO gives consideration for 
fi lgrastim, pegfi lgrastim and GM-CSF while cau-
tioning that there is no long-term data with peg-
fi lgrastim and no signifi cant comparative studies 
between G-CSF and GM-CSF (Smith et al.  2006 ; 
ESMO  2007 ; Aapro et al.  2011 ). Pediatric data 
are lacking. Lydaki et al. ( 1995 ) randomized a 
small cohort of pediatric oncology patients to 

G-CSF or GM-CSF and found a signifi cant delay 
in neutrophil recovery in those treated with 
GM-CSF although this had no bearing on antibi-
otic usage or mean hospital stay.  

15.2.2.2    Optimal Dosing 
 Adult guidelines recommend dosing of 5 mcg/kg 
of fi lgrastim, 100 mcg/kg of pegfi lgrastim (max 
6 mg) and 250 mcg/m 2  of sargramostim (Smith 
et al.  2006 ; ESMO  2007 ; Aapro et al.  2011 ). Few 
pediatric studies are available. Cairo et al. ( 2001 ) 
compared 5 and 10 mcg/kg of G-CSF starting 
24 h after intensive chemotherapy for 123 pediatric 
patients with relapsed or refractory solid tumors 
and found no signifi cant difference in time to 
ANC ≥1.0 × 10 9 /L, incidence of infection, febrile 
days, incidence of hospitalization or overall sur-
vival. A small pediatric study comparing 
100 mcg/m 2  vs. 250 mcg/m 2  of GM-CSF showed 
that duration of neutropenia was signifi cantly 
shortened in the 250 mcg/m 2  arm with a trend 
toward decreased duration of febrile neutropenia 
and no noted difference in side effects (Kubota 
et al.  1995 ).  

15.2.2.3    Route of Administration 
 Although package inserts for CSFs consider 
intravenous and subcutaneous administration to 
be equipotent, adult data have found that 2–4 
times dosing is required to achieve equivalent 
effect when either G-CSF or GM-CSF is given 
intravenous as compared to subcutaneous 
(Eguchi et al.  1990 ; Kaneko et al.  1991 ; Stute 
et al.  1995 ; Honkoop et al.  1996 ). Adult guide-
lines all suggest subcutaneous administration for 
CSFs (Smith et al.  2006 ; ESMO  2007 ; Aapro 
et al.  2011 ). No pediatric data are available and 
no mention of route of administration is made in 
pediatric guidelines (Schaison et al.  1998 ; 
Lehrnbecher and Welte  2002 ). In the pediatric 
clinical setting, intravenous G-CSF is often used 
when the patient is admitted while subcutaneous 
dosing is given when at home with no dose 
adjustment.  

15.2.2.4    Optimal Timing 
 Pediatric guidelines suggest initiation of CSFs 
1–5 days after completion of chemotherapy while 
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adult guidelines suggest 24–72 h (Schaison et al. 
 1998 ; Lehrnbecher and Welte  2002 ; Smith et al. 
 2006 ; ESMO  2007 ; Aapro et al.  2011 ). Limited 
adult and pediatric data have both shown that 
delay in CSF initiation does not lead to signifi -
cant difference in mean duration of neutropenia, 
number of hospital days on parenteral antibiotics 
or number of febrile neutropenic episodes 
(Ciernik et al.  1999 ; Hägglund et al.  1999 ; Lee 
et al.  1999 ; Rahiala et al.  1999 ; Hofmann et al. 
 2002 ). Optimal timing for stoppage of CSFs is 
also poorly studied. Both pediatric and adult 
guidelines recommend continuing CSFs through 
the neutrophil nadir, approximately 7–10 days 
after chemotherapy (Aapro et al.  2011 ). The ideal 
ANC threshold for discontinuation of CSFs is 
unknown with guidelines recommending ANC 
>0.5–5 × 10 9 /L as a potential stopping point 
(Schaison et al.  1998 ; Lehrnbecher and Welte 
 2002 ; Smith et al.  2006 ). ESMO guidelines sug-
gest a suffi cient and stable recovery with no ANC 
threshold, although they do state the historical 
practice of continuing until ANC >10 × 10 9 /L is 
unnecessary (ESMO  2007 ). The necessity of a 
daily dosing schedule (i.e., versus every other 
day or other potential schedules) has not been 
well studied in the literature and alternative 
schedules may potentially be equally effi cacious 
at a reduced cost (Djulbegovic et al.  2005 ). CSFs 
should be discontinued at least 24 h prior to the 
initiation of the subsequent chemotherapy cycle 
due to risk for enhanced myelosuppression by 
destruction of CSF-stimulated precursors by cell-
cycle- specifi c chemotherapy (Meropol et al. 
 1992 ).    

15.3     Erythropoietin 

 Erythropoietin (EPO) is a sialoglycoprotein pro-
duced primarily in the cortical region of the kid-
neys. EPO stimulates the proliferation and 
terminal differentiation of erythroid precursors in 
the bone marrow and is specifi cally stimulated by 
hypoxic conditions (Krantz  1991 ; Jelkmann 
 1992 ). In addition to effects on proliferation and 
differentiation, EPO has been shown to modulate 
apoptosis and increase erythrocyte survival time 

(Masuda et al.  1999 ). Additional studies have 
shown that EPO stimulates the proliferation and 
migration of endothelial cells in vitro and stimu-
lates the expression of other angiogenic growth 
factors including vascular endothelial growth 
factor (VEGF) and placental growth factor (Batra 
et al.  2003 ). Recombinant human erythropoietin 
(rhEPO) was fi rst approved in 1989 for the treat-
ment of anemia associated with chronic kidney 
disease and subsequently approved for the treat-
ment of chemotherapy-induced anemia in 
patients with nonmyeloid malignancies. A second 
EPO-stimulating agent (ESA), darbepoetin alfa, 
which has a 2–3-fold half-life compared with 
rhEPO, is also approved by the FDA for adult 
patients (Zamboni and Stewart  2002 ). 
Darbepoetin has undergone a phase I trial in 
pediatric patients with chemotherapy-induced 
anemia but is not approved in this population 
(Blumer et al.  2007 ). 

 Multiple adult randomized controlled trials 
have shown that ESAs increase hemoglobin, 
reduce red blood cell transfusion requirements 
and improve quality of life in patients with che-
motherapy- or radiation therapy-associated ane-
mia (Bokemeyer  2004 ; Bohlius et al.  2006 ). Very 
limited data exist for pediatric oncology patients 
and has most recently been summarized by 
Shankar ( 2008 ) (Porter et al.  1996 ; Csáki et al. 
 1998 ; Büyükpamukçu et al  2002 ; Wagner et al. 
 2004 ; Yilmaz et al.  2004 ; Razzouk et al.  2006 ; 
Abdelrazik and Fouda  2007 ; Çorapcioglu et al. 
 2008 ; Durmaz et al.  2011 ). These studies are gen-
erally with small cohorts of patients with a mix-
ture of different pediatric malignancies and 
utilize variable doses, dose schedules, and routes 
of administration for rhEPO. The studies all show 
increased hemoglobin and decreased transfusion 
requirement as compared to controls. Quality of 
life data are limited, with only a subset of patients 
in the largest study showing signifi cant improve-
ment (Razzouk et al.  2006 ). Data of effect on 
overall survival between the two groups are not 
ascertainable due to the small cohorts studied and 
was only reported in two studies (Wagner et al. 
 2004 ; Durmaz et al.  2011 ). 

 Two adult trials of rhEPO in breast and head 
and neck cancer reported in 2003 were  concerning 

A.K. Agrawal and J.D. Hord



253

for increased mortality rates and increased dis-
ease recurrence in the rhEPO treatment arm as 
compared to controls (Henke et al.  2003 ; 
Leyland-Jones  2003 ). Since that time, multiple 
meta-analyses have shown that survival may be 
worsened by utilization of ESAs, possibly sec-
ondary to an increased risk of thromboembolic 
events which may be related to a high hemoglo-
bin goal with rhEPO therapy (Bohlius et al.  2006 ; 
Bennett et al.  2008 ; Bohlius et al.  2009 ,  2010 ; 
Glasby et al.  2010 ). No pediatric study has 
reported any case of venous thromboembolism 
secondary to rhEPO. Concern has also been 
raised due to the promotion of angiogenic growth 
factors and expression of antiapoptotic genes by 
EPO and potential effect on tumor cell growth 
(Batra et al.  2003 ; Yasuda et al.  2003 ). Batra et al. 
( 2003 ) additionally reported the presence of EPO 
receptors and expression of EPO on pediatric 
tumor cells including neuroblastoma, Ewing sar-
coma, Wilms tumor, rhabdomyosarcoma, hepato-
blastoma, medulloblastoma, ependymoma and 
astrocytoma. Sartelet et al. ( 2007 ) similarly 
reported increased EPO-R expression on neuro-
blastoma cell lines, although in vitro they were 
unable to show increased tumor cell proliferation 
with exogenous EPO. No study has shown an 
in vivo effect of ESAs on tumor proliferation and 
in a recent review Aapro et al. ( 2012 ) conclude 
that current clinical and preclinical data have not 
shown that ESAs have an effect on disease 
progression. 

 Updated 2010 ASH/ASCO guidelines as well 
as the 2010 ESMO guidelines on the use of ESAs 
in adult oncology patients recommend a careful 
weighing of the risks and potential benefi ts of 
ESA therapy in patients with hemoglobin <10 g/
dL and nonmyeloid malignancies (Rizzo et al. 
 2010 ; Schrijvers et al.  2010 ). Concerns remain in 
regard to the stimulation of the leukemic clone 
and therefore ESAs are not recommended in leu-
kemia, especially acute myelogenous leukemia 
(Takeshita et al.  2000 ). The combined guidelines 
recommend that ESAs should be used only in 
patients currently undergoing chemotherapy and 
should be used cautiously in patients undergoing 
therapy with curative intent and in those with risk 
for thromboembolism (Rizzo et al.  2010 ; 

Schrijvers et al.  2010 ). Additionally, patients 
should be monitored and treated for other etiolo-
gies of anemia such as iron defi ciency and also 
monitored to ensure that hemoglobin does not 
increase over 12 g/dL (Glaspy and Cavill  1999 ; 
Rizzo et al.  2010 ; Schrijvers et al.  2010 ). With the 
paucity of reported data, similar such guidelines 
are unavailable in the pediatric literature. For 
pediatric patients, the French National Cancer 
Institute concluded that: (1) systematic adminis-
tration of ESAs is not recommended in pediatric 
cancer patients with anemia, (2) ESAs can be con-
sidered on a case-by-case basis in those patients 
with a contraindication to red blood cell transfu-
sion, and (3) intravenous ESA use is the preferred 
method of administration (Marec-Berard et al. 
 2009 ). From the adult oncology literature it is 
unclear if there is potency difference between 
subcutaneous and intravenous rhEPO administra-
tion although studies in adult hemodialysis 
patients have shown that subcutaneous injection 
is approximately 30 % more effective (Kaufman 
et al.  1998 ; Galliford et al.  2005 ; Vercaigne et al. 
 2005 ). In his editorial response to the French 
guidelines, Feusner ( 2009 ) concurs that evidence 
is lacking to support ESA use in pediatric oncol-
ogy patients as their benefi t in quality of life and 
cost-effectiveness in this patient population as 
well as their potential risks in regard to tumor pro-
gression, overall survival and thromboembolism 
are unclear.  

15.4     Platelet Growth Factors 

 Platelet transfusion remains the only method for 
treatment of clinically signifi cant thrombocytope-
nia in pediatric oncology patients. Multiple 
growth factors have in vitro stimulatory effects on 
platelet production, but only IL-11, stem cell fac-
tor and thrombopoietin (TPO) have shown in vivo 
benefi t (Broudy et al.  1995 ; Kuter et al.  1999 ; 
Kaushansky  2005 ; Bhatia et al.  2007 ; Zeuner 
et al.  2007 ). Only IL-11 is approved for 
 chemotherapy-induced thrombocytopenia and 
only in adult patients. TPO-receptor antagonists 
have been approved for the treatment of adult 
immune thrombocytopenic purpura (ITP) but as 
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yet have not been found effective for the treatment 
of chemotherapy-induced thrombocytopenia. 
Multiple additional agents including IL-1, IL-3, 
IL-6 and GM-CSF have been attempted and found 
ineffective, to have unacceptable toxicity or lead 
to antibody development (O’Shaughnessy et al. 
 1996 ; Jones et al.  1999 ; Miller et al.  1999 ; Demetri 
 2001 ; Farese et al.  2001 ; Vadhan-Raj et al.  2005 ). 

15.4.1     Interleukin-11 

 Interleukin-11 stimulates megakaryocyte matura-
tion in addition to effects on bone, chondrocytes, 
neurons, adipocytes as well as gastrointestinal and 
bronchial epithelium (Musashi et al.  1991 ; 
Teramura et al.  1992 ; Orazi et al.  1996 ; Du and 
Williams  1997 ). Studies in adult solid tumor 
patients have shown benefi t in platelet count and 
subsequent need for platelet transfusion with no 
benefi t in patients with AML and no benefi t in 
overall survival (Gordon et al.  1996 ; Tepler et al. 
 1996 ; Isaacs et al.  1997 ; Vredenburgh et al.  1998 ; 
Giles et al.  2005 ; Cripe et al.  2006 ; Usuki et al. 
 2007 ). Only one study has been conducted in 
pediatric patients. Cairo et al. ( 2004 ) reported on 
47 patients with solid tumors who received IL-11 
after ifosfamide, carboplatin and etoposide che-
motherapy. The study compared results to his-
toric controls and found a decreased median time 
to platelet recovery and need for platelet transfu-
sion although there were signifi cant noted side 
effects including the development of IL-11 anti-
bodies, papilledema, periosteal bone changes, 
cardiomegaly, edema and tachycardia (Cairo 
et al.  2004 ).  

15.4.2     Thrombopoietin Receptor 
Agonists 

 TPO is the primary regulator of megakaryopoie-
sis and has shown both in vitro and in vivo effects 
with increase in platelet counts in 5–14 days in 
normal bone marrow (Kaushansky et al.  1994 ; 
Kuter et al.  1994 ; Kaushansky  1998 ). Although 
the original recombinant products, recombinant 
human TPO and recombinant human megakaryo-

cyte growth and development factor, were shown 
to increase platelet counts, both were discontin-
ued due to development of platelet- neutralizing 
antibodies (Li et al.  2001 ; Basser et al.  2002 ). 
Prior to discontinuation, both agents had shown 
benefi ts in children and adults with solid tumors 
with a trend toward decreased platelet transfusion 
and level of thrombocytopenia; benefi t on sur-
vival was not reported and important side effects 
included risk for thromboembolism and dose-
dependent thrombocytosis (Basser et al.  1997 ; 
Fanucchi et al.  1997 ; Basser et al.  2000 ; Vadhan-
Raj et al.  2000 ,  2003 ; Angiolillo et al.  2005 ; 
Muskowitz et al.  2007 ). 

 Second-generation TPO-receptor antagonists, 
notably TPO peptide mimetic romiplostim and 
non-peptide mimetic eltrombopag, have shown 
dose-dependent increases in platelet count with-
out the development of neutralizing antibodies 
and both drugs have been FDA approved for the 
treatment of ITP in adult patients (Bussel et al. 
 2006 ; Andemariam et al.  2007 ; Bussel et al. 
 2007 ; Jenkins et al.  2007 ; Kuter et al.  2008 ; 
Bussel et al.  2009 ). Two small, randomized, pla-
cebo-controlled studies in pediatric patients with 
ITP have similarly shown benefi t with no signifi -
cant short-term side effects (Bussel et al.  2011 ; 
Elafy et al.  2011 ). No study has been published 
using second-generation TPO-receptor antago-
nists in chemotherapy-induced thrombocytope-
nia (Andemariam et al.  2007 ). Although 
longer-term treatment in adult ITP patients has 
been shown safe, further study on the long-term 
effect of these agents in pediatric patients, espe-
cially in regard to the potential for thrombosis, 
tumor or leukemic cell growth, development of 
neutralizing antibodies and increased bone mar-
row reticulin or collagen deposition, is warranted 
(Kuter  2007 ; Gernsheimer  2008 ; Kuter et al. 
 2013 ).   

15.5     Summary 

 Although several recombinant human hematopoi-
etic growth factors are approved and in clinical 
use for adult patients, only G-CSF and GM-CSF 
are approved in children with cancer. Pediatric 
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oncology patients have been shown to benefi t 
from CSF usage if there is ≥20 % risk of neutro-
penia or if neutropenia has occurred with previous 
courses of chemotherapy. Similarly there is a ben-
efi t to CSF utilization in high-risk febrile neutro-
penia by decreasing the days of neutropenia and 
the total length of hospitalization although there 
has been no proven benefi t in overall survival. 
Similarly there is potential benefi t of CSFs in 
dose-intensity regimens such as compressed 
Ewing sarcoma therapy by preventing delay in 
chemotherapy delivery. Utilization of erythropoi-
etin is not recommended but may be considered in 
the patient with a contraindication to red blood 
cell transfusion. Platelet growth factors should not 
be utilized in pediatric patients with chemother-
apy-induced thrombocytopenia.
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    Abstract  

  The need for vaccination before, during and 
after chemotherapeutic regimens remains an 
area of controversy due to the lack of evi-
dence-based guidelines. Although multiple 
consensus statements and guidelines are 
available in regard to the timing and necessity 
of (re)vaccination, these recommendations are 
variable, leading to signifi cant differences in 
clinical practice. In this chapter we review the 
literature in regard to immune status prior to 
chemotherapy initiation, during chemother-
apy and data on immune recovery after com-
pletion of therapy for pediatric patients with 
malignancy. This serves as background for the 
available evidence on immunization practice 
prior to, during and after chemotherapy com-
pletion. Population-based risk assessment is 
also a key component of (re)vaccination 
guidelines; therefore, we review the evidence 
for active immunization in settings of high 
disease prevalence. Finally, we review passive 
and active immunization practice after expo-
sure to disease and vaccination of household 
contacts.  
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16.1         Introduction 

 The need for vaccination before, during and after 
chemotherapeutic regimens remains an area of con-
troversy due to the lack of evidence-based guide-
lines. Although multiple consensus statements and 
guidelines are available in regard to the timing and 
necessity of (re)vaccination these recommendations 
are variable, leading to signifi cant differences in 
clinical practice (Centers for Disease Control and 
Prevention  1993 ; Sung et al.  2001 ; Royal College of 
Paediatrics and Child Health  2002 ; Allen  2007 ; 
Esposito et al.  2010a ; Ruggiero et al.  2011 ). 
Crawford et al. ( 2010 ) showed that 39 % of child-
hood cancer survivors in Australia had no booster 
vaccinations; they theorize that lack of evidence 
leads to variability in practice. This was in contrast 
to a survey in the United Kingdom where stated 
compliance with reimmunization was 94.3 % (Bate 
et al.  2010a ). No report of practice in the United 
States can be found in the medical literature. 

 Although Fioredda et al. argued in  2005  that 
antibody defi ciency to vaccine-preventable dis-
eases was not signifi cantly different in children 
after chemotherapy as compared to healthy con-
trols, multiple other studies have shown the 
development of antibody defi ciency after com-
mencement of chemotherapy with no resolution 
over time following the completion of therapy 
(van der Does-van den Berg et al.  1981 ; Smith 
et al.  1995 ; Feldman et al.  1998 ; von der Hardt 
et al.  2000 ; Nilsson et al.  2002 ; Reinhardt et al. 
 2003 ; Ek et al.  2004 ; Zignol et al.  2004 ; Brodtman 
et al.  2005 ; Ek et al.  2006 ; Cheng et al.  2009 ; 
Lehrnbecher et al.  2009 ; Zengin and Sarper  2009 ; 
Alavi et al.  2010 ; Cheng et al.  2010 ; Paulides 
et al.  2011 ; Kwon et al.  2012 ; Patel et al.  2012 ; 
Van Tilburg et al.  2012 ). A review of such studies 
was most recently conducted by Esposito et al. 
( 2010a ) and van Tilburg et al. ( 2006 ). Only two 
additional studies could be found corroborating 
the data by Fioredda et al. (Ercan et al.  2005 ; 
El-Din et al.  2012 ). 

 In this chapter we review the literature in 
regard to immune status prior to chemotherapy 
initiation, during chemotherapy, and data on 
immune recovery after completion of therapy 
for pediatric patients with malignancy. This 
serves as background for the available evidence 

on immunization practice prior to, during and 
after chemotherapy completion (Table  16.1 ). 
Population-based risk assessment is also a key 
component of (re)vaccination guidelines; there-
fore, we review the evidence for active immu-
nization in settings of high disease prevalence. 
Finally, we review passive and active immuniza-
tion practice after exposure to disease and vac-
cination of household contacts.  

16.2     Immune Status Prior 
to Chemotherapy Initiation 

 Immune status is normal in most cases prior to 
the commencement of chemotherapeutic regi-
mens except, potentially, in hematologic malig-
nancies that affect lymphocyte and granulocyte 
number and function and lymphomas which 
affect peripheral T- and B-lymphocytes. 

 Nilsson et al. ( 2002 ) quantifi ed bone marrow 
plasma cells in a small number of pediatric acute 
lymphoblastic leukemia (ALL) patients at diagno-
sis and found the percentage was signifi cantly 
decreased compared to healthy controls. In most 
studies, antibody levels to vaccine-preventable 
diseases are similar to a healthy population at 
diagnosis although van Tilburg et al. ( 2012 ) 
showed that children with ALL had tetanus anti-
body levels statistically lower than a healthy group 
(Feldman et al.  1998 ; Reinhardt et al.  2003 ; Ercan 
et al.  2005 ; Zengin and Sarper  2009 ; Alavi et al. 
 2010 ). Data on immune defi ciency at diagnosis in 
lymphoma patients are lacking in the pediatric lit-
erature. Studies in adult lymphoma patients have 
shown lower baseline immunoglobulin levels and 
decreased lymphocyte stimulation to phytohemag-
glutinin and concanavalin A compared to controls 
(Fuks et al.  1976 ; Biggar et al.  2009 ).  

16.3     Immune Status During 
Chemotherapy 

 The decline in immune status with chemotherapy 
initiation is due to medication effect rather than 
the underlying malignancy. Moritz et al. ( 2001 ) 
studied T-cell regenerative capacity after ALL 
induction chemotherapy and found that patients 
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were able to regenerate T-cell subsets at this 
time point. They concluded that the long-last-
ing T-cell dysfunction seen after the completion 
of therapy is due to chemotherapy rather than 

the underlying disease process itself. At least 
in number, B-lymphocytes are more affected 
than T-lymphocytes and NK cells during ther-
apy. Studies of children with ALL have found 

    Table 16.1    Immunization recommendations with chemotherapeutic regimens a    

 Prior to chemotherapy b   During chemotherapy c  
 After chemotherapy 
completion c, d  

 Diphtheria-tetanus-acellular 
pertussis 

 Continuation of primary 
series during lower-
 intensity phases of therapy 
(i.e., ALL in maintenance) 

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series 

  Haemophilus infl uenzae  
type b 

 Continuation of primary 
series during lower- 
intensity phases of therapy 
(i.e., ALL in maintenance) 

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series and 
<5 years of age 

 Inactivated poliovirus  Continuation of primary 
series during lower- 
intensity phases of therapy 
(i.e., ALL in maintenance) 

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series 

 Pneumococcus  Continuation of primary 
series during lower- 
intensity phases of therapy 
(i.e., ALL in maintenance) 

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series and 
<5 years of age 

 Hepatitis B  Consider starting 
immunization series in 
high-risk settings in 
seronegative a  

 Continuation of primary 
series during lower- 
intensity phases of therapy 
(i.e., ALL in maintenance) 

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series 

 Measles-mumps-rubella  Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series e  

 Varicella  Consider vaccination 
during lower-intensity 
phases of therapy 
(i.e., ALL in maintenance) 
in high-risk settings a  

 Continuation of primary 
series; booster 3–6 months 
after therapy completion 
in those that fi nished 
primary series 

 Meningococcus  Booster dose for those 
previously vaccinated; 
otherwise per routine 
schedule 

 Inactivated infl uenza  Consider if high seasonal 
incidence 

 Annually for children 
≥6 months of age 

 Annually for children 
≥6 months of age 

   ALL  acute lymphoblastic leukemia 
  a See text for details 
  b Level of evidence 2C per Guyatt et al. ( 2006 ); see Preface 
  c Level of evidence 1C per Guyatt et al. ( 2006 ); see Preface 
  d Can consider postvaccination titers in less immunogenic vaccines, specifi cally hepatitis B and varicella 
  e Washout period required after blood products and immunoglobulin therapy; see text for details  
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decreased total lymphocyte counts, lymphocyte 
subsets and immunoglobulin levels as compared 
to controls with statistically decreased levels 
in those treated with more intensive  protocols 
compared to standard risk and reduced-intensity 
groups and with improvement in levels, espe-
cially IgG, occurring in the maintenance phase 
of therapy (Caver et al.  1998 ; Kostaridou et al. 
 2004 ; Luczynski et al.  2004 ; El-Chennawi et al. 
 2008 ; Eyrich et al.  2009 ; Van Tilburg et al. 
 2012 ). 

 Seroprotection to vaccine-preventable diseases 
declines signifi cantly during chemotherapy, 
both for patients with hematologic malignan-
cies and in those with solid tumors (Feldman 
et al.  1998 ; Reinhardt et al.  2003 ; Ek et al. 
 2004 ; Zignol et al.  2004 ; Ek et al.  2006 ; Zengin 
and Sarper  2009 ; Alavi et al.  2010 ; Kwon et al. 
 2012 ; van Tilburg et al.  2012 ). Comparing 
ALL  regimens with different levels of inten-
sity, van Tilburg et al. ( 2012 ) found that 
 antibody levels to diphtheria, tetanus and 
 Bordetella pertussis  declined sharply during 
induction and high-dose methotrexate treat-
ment in both groups with this decline continu-
ing at a slower rate through therapy. Decrease 
in total IgG did not correlate with the level of 
antibody to vaccine-preventable diseases. By 
the end of chemotherapy, 90 % of the 41 chil-
dren had lower levels of antibody compared to 
population-based norms. Only decline in diph-
theria antibody showed a signifi cant difference 
between the standard and reduced-intensity 
ALL regimens. On univariate analysis, Zignol 
et al. ( 2004 ) showed that loss of antibody pro-
tection correlated with younger patient age, 
while Paulides et al. ( 2011 ) showed the same 
on multivariate analysis.  

16.4     Immune Recovery After 
Chemotherapy Completion 

 The pace of immune recovery after the comple-
tion of chemotherapy remains poorly quantifi ed 
and is multifactorial, being related to the under-
lying malignancy, treatment intensity and age 
of the patient. Kovacs et al. ( 2008 ) analyzed 88 

children 1 year after the completion of chemo-
therapy for malignancies and found that 19 % 
of leukemia patients and 9 % of solid tumor 
patients had decrement in at least one immuno-
globulin level ( p  < 0.001 in the leukemia 
patients). At least one marker of cellular immu-
nity was decreased in 42 % of leukemia patients 
and 29 % of solid tumor patients. Mustafa et al. 
( 1998 ) similarly found that 1 year after therapy 
completion, 35 of the 43 studied patients main-
tained some immunologic abnormality. Patients 
had rapid normalization of B-lymphocyte num-
bers while CD4+ T-lymphocytes lagged and 
lymphocyte stimulation remained low in a sub-
set of patients 9–12 months after therapy com-
pletion. IgG levels normalized rapidly while 
IgA and IgM were slower to recover. The num-
ber of abnormalities at 1 year correlated statis-
tically with patient age; the younger the patient 
the more abnormalities at this time point. Type 
of malignancy and duration of therapy were not 
relevant factors in their study. Other studies 
have similarly shown the rapid pace of recovery 
for IgG, with IgA being restored more slowly 
and IgM remaining low for years after therapy 
completion (de Vaan et al.  1982 ; Abrahamsson 
et al.  1995 ). Azuma et al. ( 1998 ) and Mazur 
et al. ( 2006 ) also found that a subset of patients 
retained low CD4+ counts. This contrasts with 
others who have shown that immunoglobulin 
levels and mitogenic response recover by 
6 months after therapy completion (Alanko 
et al.  1992 ; Abrahamsson et al.  1995 ; Kantar 
et al.  2003 ; Ek et al.  2005 ; Kosmidis et al. 
 2008 ). Mackall et al. ( 1995 ) found that younger 
patients had greater recovery of CD4+ 
T-lymphocytes at 6 months compared to older 
patients who persisted with severe depletion. 
They theorized that thymic production is impor-
tant in T-lymphocyte regeneration in the 
younger patients. Although Mustafa et al. 
( 1998 ) did not show a statistical difference in 
immune recovery based on underlying malig-
nancy, other studies have shown variable recov-
ery between hematologic malignancies and 
solid tumors (Alanko et al.  1994 ,  1995 ). 

 In a complex statistical study using princi-
pal components analysis, Ek et al. ( 2011 ) found 
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that increased treatment intensity led to poorer 
response to vaccination, even 6 months after 
therapy completion. Previously their group 
had shown that patients who received more 
intensive ALL therapy were signifi cantly less 
likely to respond to tetanus toxoid after ther-
apy completion (Ek et al.  2006 ). These results 
contrast to other studies such as Mustafa et al. 
( 1998 ) and Ercan et al. ( 2005 ). Immune recov-
ery after therapy completion is defi ned based on 
antibody seroresponse to vaccine- preventable 
disease although anamnestic response may 
occur even with low or absent antibody lev-
els complicating measures of immunity and 
immune recovery (Banatvala and Van Damme 
 2003 ). Yetgin et al. ( 2007 ) studied 82 children 
with ALL who were vaccinated against HBV 
during maintenance therapy and 87 that were 
unvaccinated. Although the seroconversion 
rate was only 35.4 %, the HBV infection rate 
was  signifi cantly decreased as compared to the 
unvaccinated group (4.8 % vs. 28.7 %). This 
remained signifi cant when comparing the vac-
cinated nonresponders with the unvaccinated 
(7.5 % vs. 28.7 %). On other hand, Ek et al. 
( 2006 ) studied 31 pediatric patients with ALL 
and found that antibody avidity to tetanus tox-
oid and  Haemophilus infl uenzae  type b (Hib) 
correlated with antibody levels. 

 Among the multiple studies that have (re)vac-
cinated children after chemotherapeutic regi-
mens, the timing of seroresponse is quite variable 
making generalizations about pace of immune 
recovery impossible. Some studies have shown a 
rapid response in all patients while others have 
shown persistence of immune dysfunction years 
after therapy completion. Smith et al. ( 1995 ), 
Nilsson et al. ( 2002 ) and Brodtman et al. ( 2005 ) 
all studied children with a history of ALL and 
found that even years after therapy completion 
some children failed to mount an appropriate 
postvaccination antibody response. In contrast, 
other studies have shown a uniform and rapid 
immune response after therapy completion. 
Ercan et al. ( 2005 ) immunized 21 patients 
3–6 months after completion of ALL therapy 
and found no statistical difference compared 
with 14 healthy controls for tetanus, diphtheria, 

pertussis, measles and mumps antibody response. 
Lehrnbecher et al. ( 2009 ) randomly assigned 24 
patients who received non-high-risk treatment 
for ALL to receive booster vaccination for teta-
nus, diphtheria, polio and Hib 3, 6 or 9 months 
after the completion of therapy. Response at 
these different time points was not signifi cantly 
different. Cheng et al. ( 2009 ) administered three 
doses of DTP booster vaccination 6, 8 and 
10 months post-chemotherapy completion in 
patients with hematologic malignancies and 
solid tumors with a 100 % seroresponse rate 
which was maintained for at least 1 year (the end 
of the study period). 

 Most likely, antibody response is imperfect, 
and a subset of patients will not attain seroprotec-
tion even if immunized multiple times well after 
immune competence should be restored, espe-
cially to less immunogenic vaccines such as hep-
atitis B, measles and rubella. Reinhardt et al. 
( 2003 ) studied 139 children with malignancies 
who showed a decline in antibody seropositivity 
to vaccine-preventable diseases through therapy. 
Patients were revaccinated 3–5 months after the 
completion of therapy to measles, mumps, 
rubella, diphtheria and tetanus. The majority of 
vaccinees recovered similar levels of seroprotec-
tion as was present prior to therapy; on the other 
hand, 6 of 83 children (7.2 %) did not respond to 
revaccination. Zignol et al. ( 2004 ) studied 192 
pediatric oncology patients after the completion 
of chemotherapy. They found that a subset lost 
antibody protection to vaccine-preventable dis-
eases. On reimmunization, 12 months after the 
completion of therapy, 93 % of those revacci-
nated had an appropriate seroresponse (three did 
not respond to hepatitis B, one did not respond to 
measles).  

16.5     Defi ning the Risk 
from Vaccine-Preventable 
Diseases 

 In the setting of impaired immune competence 
both during therapy and for some time period 
after the completion of therapy, determining 
when and whom to (re)vaccinate should be based 
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on population-based assessment to defi ne when 
the potential benefi t of (re)vaccination outweighs 
the cost, potential lack of seroresponse and risk 
of immunization (with live virus vaccines). 

 Many of the studies regarding disease preva-
lence in children with malignancy from the 
United States are before routine vaccination cam-
paigns to Hib,  Streptococcus pneumoniae  and 
varicella. The data from such studies can now be 
generalized to resource-limited settings in which 
routine immunization practice to these diseases is 
not yet in place but more children are being 
treated for malignancy. Varicella is the best 
example of change in practice over time due to 
routine vaccination in the United States and the 
subsequent protection of the immunocompro-
mised from herd immunity. Over time, the poten-
tial risks of live attenuated varicella vaccination 
during chemotherapy and delay in treatment have 
begun to outweigh the risk of varicella exposure 
and disease during chemotherapy. Yet, practice 
must be based on risk assessment in each par-
ticular community. 

 Risk versus benefi t of varicella vaccination 
during maintenance chemotherapy must be con-
sidered with increasing rates of immunization, 
especially in North America. Caniza et al. ( 2012 ) 
found a 0.057 % mortality from VZV infection, 
with 70 % of those children dying during the fi rst 
year of treatment and 1 dying after varicella vac-
cination. Based on the available data and the need 
to hold chemotherapy for VZV immunization, 
they conclude that the benefi t of vaccination dur-
ing maintenance does not outweigh the risks. 
Although the incidence of varicella in immuno-
compromised children in the United States has 
dropped precipitously since the studies by 
Gershon and Steinberg ( 1989 ), outbreaks are 
still reported. Adler et al. ( 2008 ) discuss the 
 dissemination of disease between pediatric 
oncology patients after an index case in a hospital 
group housing facility. Interestingly, more than 
half the children had previously received varicella 
vaccination. Poulsen et al. ( 1993 ) studied Danish 
children from 1986 to 1991 and found that among 
67 children with ALL, 25 were susceptible to 
VZV and the cumulative risk of varicella expo-
sure was 90 % at 32 months with 5 patients devel-
oping varicella during this time period. 

 Encapsulated bacteremia from Hib and pneu-
mococcus are also exposures that have changed 
signifi cantly over time. Surveillance reporting for 
the years 1994–1995 in the United States shows 
near elimination of invasive Hib disease with 
routine vaccination; invasive disease among chil-
dren aged 4 years or younger declined by 98 % 
since the introduction of Hib conjugate vaccines 
(Bisgard et al.  1998 ). Pneumococcal disease has 
also declined sharply after introduction of the 
7-valent conjugate vaccine. Surveillance data 
from eight children’s hospitals in the United 
States showed a 66 % decline in invasive disease 
in children ≤24 months of age in 2002 compared 
with the mean number of annual infections from 
1994 to 2000 (Kaplan et al.  2004 ). How this 
affects immunocompromised children, especially 
with the emergence of non-vaccine serotypes and 
now routine immunization with the 13-valent 
conjugate vaccine, is unknown. 

 Over a 6-year study period in a setting without 
routine pneumococcal vaccination, Meisel et al. 
( 2007 ) studied the relative risk of invasive pneu-
mococcal disease in pediatric ALL patients as 
compared to the general population. Eleven of 
3,200 patients had invasive pneumococcal dis-
ease, 2 at diagnosis, 4 in induction therapy and 5 
during maintenance therapy. One patient died of 
pneumococcal sepsis. The relative risk of inva-
sive pneumococcal disease was 11.4 times the 
general population, with the highest risk being in 
those patients 5–9 years of age. Siber ( 1980 ) 
looked at the incidence of infection with  S. pneu-
moniae  and  H. infl uenzae  from 1968 to 1977 
and found that the majority of episodes of infec-
tion occurred during therapy although a small 
fraction also occurred after therapy completion. 
Feldman et al. ( 1990 ) found eight cases of Hib 
among 5,288 pediatric cancer patients, a signifi -
cantly greater incidence than the general popula-
tion. The majority of Hib infection was in 
children <4 years, but it was also seen in those 
>14 years of age. Nevin et al. ( 2013 ) recently 
reported a case of invasive  H. infl uenzae  in a 
7-year-old who was fully immunized prior to 
ALL therapy but received no additional vaccine 
doses after chemotherapy completion. 

 Consensus guidelines from the American 
Academy of Pediatrics ( 2012a ) still recommend 
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considering vaccination in patients with Hodgkin 
lymphoma against encapsulated organisms prior 
to the initiation of chemotherapy, a risk based on 
studies when splenectomy was a routine part of 
Hodgkin staging. Donaldson et al. ( 1978 ) studied 
181 pediatric patients with Hodgkin lymphoma 
and found that although the risk of any bacterial 
infection was not different in the splenectomized 
versus non-splenectomized group, all incidents 
of encapsulated bacteremia with vaccine-pre-
ventable disease (specifi cally  S. pneumoniae  and 
 H. infl uenzae ) occurred in the splenectomized 
group. Similarly, Chilcote et al. ( 1976 ) found that 
60 % of infections in splenectomized children 
treated for Hodgkin lymphoma were due to 
encapsulated bacteria (pneumococcus in 50 %, 
hemophilus and meningococcus in 5 % each). 
The risk of encapsulated bacteremia and neces-
sity of vaccination in Hodgkin lymphoma in the 
setting where routine splenectomy is no longer 
practiced are unclear but appear unnecessary. 
Additionally, it is impractical to delay chemo-
therapy initiation for vaccine delivery and 
response in such a context. 

 In areas of high prevalence, risk of HBV 
 transmission is signifi cant during chemothera-
peutic regimens. Sevinir et al. ( 2003 ) studied 198 
Turkish children with cancer and found 6.0 % 
became positive for HBsAg during therapy after 
failing HBV prophylaxis. One patient died of ful-
minant hepatitis B infection and most subse-
quently developed chronic disease. Yetgin et al. 
( 2007 ) reported a similar transmission rate of 
7.5 % in Turkish children that failed HBV pro-
phylaxis and a 28.7 % rate in the unvaccinated 
cohort. Meral et al. ( 2000 ) described a 39 % 
infection rate in Turkish pediatric oncology 
patients that failed HBV prophylaxis. In an 
Indian study of pediatric ALL patients, Somjee 
et al. ( 1999 ) reported an HBV infection rate of 
43 % even after an intensifi ed HBV vaccination 
schedule. Finally, in Iraq, Al-Jadiry et al. ( 2013 ) 
recorded a 27.3 % seroconversion rate in chil-
dren, with decreasing risk in those receiving 
multiple HBV vaccinations. 

 Increased risk from infl uenza is well docu-
mented in immunocompromised children. In a 
study of US associated deaths from infl uenza in 
2003–2004, 5 of the 149 children (3.3 %) with 

reportable health status who died were immuno-
compromised (4 from long-term corticosteroids, 
1 from long-term rituximab) (Bhat et al.  2005 ). 
Moulik et al. ( 2013 ) recently reported on a mea-
sles outbreak in an Indian pediatric oncology unit 
in which 2 of 15 infected children died; those 
who were previously immunized to measles had 
milder disease. The risk of disseminated tubercu-
losis (miliary TB or TB meningitis) in high- 
prevalence settings and the potential benefi t of 
BCG vaccination after chemotherapeutic regi-
mens are unknown.  

16.6     Immunization Practice Prior 
to Chemotherapy Initiation 

 Using a population-based risk stratifi cation for 
vaccine-preventable disease, a more rational 
approach to vaccination can be employed. The 
potential benefi t of vaccination in high-risk pop-
ulations prior to the start of chemotherapy is 
unclear. In a Dutch study of ALL patients, van 
Tilburg et al. ( 2012 ) reported a cohort of patients 
who recently received booster immunization to 
tetanus, diphtheria and  B. pertussis . This recent 
immunization, however, did not impact the 
decline in antibody levels with treatment which 
was not statistically different from those children 
without recent booster immunization. Thus, it is 
uncertain what protection, if any, would be 
afforded by pre-chemotherapy immunizations. 

 In his review of varicella vaccination practice 
in immunocompromised children, Levin ( 2008 ) 
discusses the potential to provide varicella vacci-
nation prior to the delivery of chemotherapy in 
seronegative children in higher-risk populations. 
Considering that 70 % of the mortality from VZV 
occurred in the fi rst year of treatment in the report 
by Caniza et al. ( 2012 ) (a window where varicella 
vaccination is contraindicated), this is a recom-
mendation that deserves further study. Cristófani 
et al. ( 1991 ) administered live attenuated varicella 
vaccine to pediatric oncology patients on the fi rst 
day of chemotherapy. Twenty- two children with-
out clinical history of varicella (retrospectively, 13 
that were seronegative and 9 that were seroposi-
tive) were immunized. No serious adverse events 
were noted although three patients developed a 
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small number of vesiculopapular lesions. Three of 
the 13 seronegative children (23 %) failed to sero-
convert. As seen by Heath et al. ( 1987 ), antibody 
protection was lost with time; 42 % lost seroposi-
tivity by 3 years. Eight of the immunized children 
(all seroconverters) were exposed to varicella and 
none developed disease. Of the seven control sub-
jects that were exposed to VZV, four developed 
symptomatic disease. In their recommendation for 
pre- chemotherapy immunization for Hodgkin 
lymphoma patients, the AAP ( 2012a ) mentions 
that effi cacy is increased if vaccination is given 
10–14 days prior to the start of chemotherapy; this 
delay is not always feasible with the urgency of 
commencing therapy, especially in leukemia 
patients. Additional randomized controlled trials 
are required to determine the safety and effi cacy of 
this recommendation in at-risk populations which 
will be diffi cult from a feasibility standpoint. 

 Sinisalo et al. ( 2007 ) vaccinated adult patients 
with chronic lymphocytic leukemia (CLL) and 
controls to determine response to the 7-valent 
pneumococcal conjugate vaccine (PCV7) as pneu-
mococcal disease is an important cause of morbid-
ity in this patient population. Response to PCV7 
was signifi cantly decreased in the CLL group as 
compared to controls, although almost all patients 
that became seropositive were immunized prior 
to the onset of chemotherapy and subsequent 
development of hypogammaglobulinemia. In a 
separate report, Sinisalo et al. ( 2002 ) showed a 
moderate seroresponse rate in adult patients to 
immunization with Hib. They conclude, as with 
their study on PCV7, that immunization with Hib 
should occur prior to the onset of chemotherapy to 
have the highest seroresponsivity rate. 

 Many of the studies on HBV vaccination begin 
with immunization at the time of chemotherapy 
initiation with variable effi cacy (Goyal et al.  1998 ; 
Somjee et al.  1999 ; Meral et al.  2000 ). Meral et al. 
( 2000 ) had the highest seroconversion rate (78 %) 
when giving vaccination at diagnosis and then at 
months 1, 2 and 12 of therapy in addition to 
monthly passive immunization during the inten-
sive parts of leukemia therapy. Using the same 
regimen without the passive immunization, Goyal 
et al. ( 1998 ) showed only a 10.5 % seroconversion 
rate in 162 pediatric ALL patients. To follow up 

their previous study, the same group (Somjee et al. 
 1999 ) gave a more intensifi ed regimen with fi ve 
doses at monthly intervals followed by a booster at 
1 year but only showed 19 % seroconversion.  

16.7     Recommendations 
for Vaccination During 
Chemotherapy 

 Five of the six cited guidelines on immunization 
practice come to similar conclusions in regard to 
immunization with inactivated or killed vaccines 
during chemotherapy (Centers for Disease Control 
and Prevention  1993 ; Sung et al.  2001 ; Royal 
College of Paediatrics and Child Health  2002 ; 
Allen  2007 ; Esposito et al.  2010a ). All agree that it 
is reasonable to continue with the primary immu-
nization series during the less intensive parts of 
therapy (i.e., ALL maintenance) in addition to pro-
viding yearly inactivated infl uenza vaccination 
(Table  16.1 ). Among the group, only Esposito 
et al. ( 2010a ) give consideration to providing vari-
cella vaccination in settings of high exposure risk 
and lack of universal vaccination. Here we review 
the evidence for each particular vaccination.

16.7.1       Diphtheria, Tetanus, 
and Acellular Pertussis 

 Two studies were found in regard to response 
to diphtheria-tetanus-pertussis (DTP) during 
chemotherapy. Ercan et al. ( 2005 ) immunized 17 
patients with ALL during maintenance chemo-
therapy and found no statistical difference com-
pared with 14 healthy controls for tetanus and 
diphtheria antibody response, although pertussis 
titers were signifi cantly lower. No adverse reac-
tions were seen. Kung et al. ( 1984 ) administered 
DTP vaccination to 27 children during mainte-
nance chemotherapy for various malignancies 
and found response to at least 1 of the 2 antigens 
in 26 of the children (only tetanus and diphthe-
ria were measured for response). Based on their 
fi ndings, they recommended continuing with 
the primary vaccination series for inactivated or 
killed vaccines during maintenance therapy.  
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16.7.2     Pneumococcal Conjugate 
Vaccine 

 In areas without routine pneumococcal vaccina-
tion, invasive pneumococcal disease remains a 
potential risk during and after chemotherapy 
(Meisel et al.  2007 ). Allen and Weiner ( 1981 ) 
reviewed 40 episodes of sepsis in 28 children 
with leukemia and lymphoma and found that 
35 % of these episodes were secondary to  S. pneu-
moniae , the most commonly isolated organism. 
Interestingly,  S. pneumoniae  was the only organ-
ism that caused infection during remission ther-
apy; fi ve of the 40 episodes (12.5 %) were during 
this time and due to  S. pneumoniae . Lehrnbecher 
et al. ( 2009 ) studied 53 children treated for ALL 
and found persistent lack of protection to pneu-
mococcal antigens which was signifi cantly lower 
than age-matched, unvaccinated, healthy controls 
up to 9 months after the completion of therapy 
(the study period). 

 Protection during chemotherapy from vaccine 
strains in those with previous immunization is 
unknown. Patel et al. ( 2012 ) studied 42 children 
with a history of leukemia ≥6 months off of che-
motherapy to assess for serotype-specifi c antibod-
ies to  S. pneumoniae . None of the subjects were 
noted to have protective antibody concentrations 
to pneumococcal conjugate vaccine serotypes. 
Cheng et al. ( 2012 ) administered two doses of 
PCV7 to 44 pediatric oncology patients, including 
20 ALL patients in maintenance. Eighty-six to 
100 % of patients obtained  seropositivity depend-
ing on the pneumococcal serotype. No subgroup 
analysis was reported to determine if differences 
in seropositivity occurred with different underly-
ing malignancies or based on timing of 
 vaccination. Beyond patients that have received 
splenectomy as part of their therapy, there is no 
indication for immunization with the 23-valent 
pneumococcal polysaccharide vaccine.  

16.7.3     Hemophilus Infl uenzae Type b 

 In settings with routine vaccination to Hib, inva-
sive disease has plummeted (Bisgard et al.  1998 ). 
Risk still remains though in areas without routine 

immunization (Siber  1980 ; Feldman et al.  1990 ). 
Multiple studies have described the effect of Hib 
conjugate immunization during chemotherapy 
(Feldman et al.  1990 ; Kaplan et al.  1992 ; Shenep 
et al.  1994 ; Cheng et al.  2012 ). Feldman et al. 
( 1990 ) vaccinated 50 children with Hib; the over-
all response rate was 50 %. Shenep et al. ( 1994 ) 
studied 50 children with solid tumors who had 
not previously been vaccinated for Hib. 
Seroresponse was noted in 42 % after fi rst vacci-
nation and another 45 % responded to a second 
dose. Kaplan et al. ( 1992 ) studied 18 children 
with malignancy and found a 50 % seroresponse 
rate to Hib after 1 immunization. One-third of 
children responded to a second dose. Weisman 
et al. ( 1987 ) studied 27 children with malignancy, 
6 of whom had completed therapy to measure 
response to Hib vaccination. Eighty-fi ve percent 
of patients had an appropriate response. Solid 
tumor patients had a 100 % response; there was 
no difference in response for those off therapy. Of 
note, all of these studies were done at a time of 
signifi cantly decreased chemotherapeutic inten-
sity making it unclear as to their generalizability 
with modern therapeutic protocols.  

16.7.4     Inactivated Poliovirus 

 The risk of polio is negligible due to the near 
worldwide eradication of the virus. Only one rel-
evant study by Ogra et al. ( 1971 ) could be found, 
comparing antibody response in patients with 
leukemia, solid tumors and healthy controls. 
Response in healthy controls and solid tumor 
patients was similar while those with leukemia 
had a blunted response. Again, due to the age of 
this study, the generalizability to modern thera-
peutic protocols is unknown. Of note, oral polio-
virus (OPV) is contraindicated.  

16.7.5     Infl uenza 

16.7.5.1     Inactivated Infl uenza Vaccine 
 Although in a Cochrane review Goossen et al. 
( 2009 ) conclude that there is a paucity of well 
designed randomized controlled trials to defi ne 

16 Immunization Practice in Pediatric Oncology



270

whether infl uenza vaccination in children with 
malignancy during therapy is benefi cial consider-
ing their blunted response to vaccination, no 
 signifi cant adverse effects were seen in the stud-
ies reviewed, and the general consensus is that 
the benefi t of vaccination outweighs cost and any 
other potential risks, even if seroresponse is 
blunted (Centers for Disease Control and 
Prevention  1993 ; Sung et al.  2001 ; Royal College 
of Paediatrics and Child Health  2002 ; Allen 
 2007 ; Esposito et al.  2009 ,  2010a ; Ruggiero et al. 
 2011 ; Kersun et al.  2013a ). 

 Multiple small studies have analyzed response 
to infl uenza vaccination, mainly during mainte-
nance of ALL therapy and reviewed by Esposito 
et al. ( 2009 ) and Kersun et al. ( 2013a ) (Allison 
et al.  1977 ; Sumaya et al.  1977 ; Ganz et al. 
 1978 ; Gross et al.  1978 ; Smithson et al.  1978 ; 
Lange et al.  1979 ; Schafer et al.  1979 ; Steinherz 
et al.  1980 ; Brydak et al.  1996 ,  1998 ; Chisholm 
et al.  2001 ; Porter et al.  2004 ; Matsuzaki et al. 
 2005 ; Bektas et al.  2007 ; Shahgholi et al. 
 2010 ; Wong-Chew et al.  2012 ; Kersun et al. 
 2013a ). In general, the vaccine was well tol-
erated with no serious adverse side effects. 
When comparing response for patients receiv-
ing chemotherapy versus patients off therapy 
and healthy controls, rate of seroconversion 
was lower in patients still receiving therapy. 
Additionally, response in patients with solid 
tumors was more similar to patients off therapy 
and healthy controls. Kersun et al. ( 2013b ) 
showed that ALL patients vaccinated during 
induction had an improved response compared 
to patients receiving the vaccine post-induction 
or in maintenance. Timing of immunization 
during an ALL maintenance cycle has not been 
studied to determine if the rate of response 
is improved when the vaccine is given sepa-
rated from a 5-day steroid pulse. Additionally, 
patients are recommended to receive a two-shot 
series their fi rst year of immunization and sub-
sequently one annual shot. It is unclear if there 
would be additional benefi t by continuing with 
a yearly two-shot series or increased dose while 
immunocompromised.  

16.7.5.2     2009 H1N1 Pandemic Vaccine 
 Seven studies have reported on effi cacy of the 
2009 H1N1 pandemic infl uenza vaccine (Bate 
et al.  2010b ; Cheng et al.  2011 ; Yen et al.  2011 ; 
Hakim et al.  2012 ; Shahin et al.  2012 ; Leahy 
et al.  2013 ; Mavinkurve-Groothuis et al.  2013 ). 
In general, response rates were increased after 
two doses of vaccine in those patients with solid 
tumors and in those not receiving treatment. For 
a mixed pediatric oncology cohort, seroresponse 
ranged from 25.6–100 % (Bate et al.  2010b ; 
Cheng et al.  2011 ; Yen et al.  2011 ; Hakim et al. 
 2012 ; Leahy et al.  2013 ; Mavinkurve-Groothuis 
et al.  2013 ). Absolute lymphocyte counts greater 
than the upper limit of normal for age (or ≥1.0–
1.5 x 10 9 /L depending on the study) were a sig-
nifi cant factor in antibody response in three 
studies (Yen et al.  2011 ; Hakim et al.  2012 ; 
Mavinkurve-Groothuis et al.  2013 ). Leahy et al. 
( 2013 ) showed signifi cantly improved seroposi-
tivity in children who received the higher 0.5 mL 
dose on univariate but not multivariate analysis. 
No severe adverse reactions were noted in any of 
the studies. As with the annual trivalent infl uenza 
vaccine, clear data as to the most effi cacious tim-
ing of immunization during ALL therapy, appro-
priate dose and the need for one versus two doses 
of vaccine are lacking although repeated, higher 
doses appear most effective.  

16.7.5.3     Live Attenuated Infl uenza 
Vaccine 

 Two studies have been completed to measure sero-
response and safety of the live attenuated infl u-
enza vaccine (LAIV) in immunocompromised 
patients (Carr et al.  2011 ; Halasa et al.  2011 ). 
Halasa et al. ( 2011 ) conducted a small pilot study 
on the safety and immunogenicity of LAIV in 
mild to moderately immunocompromised chil-
dren with cancer. Children with severe immunode-
fi ciency as defi ned by an absolute neutrophil count 
(ANC) <0.5 x 10 9 /L, concurrent high-dose steroid 
usage (≥2 mg/kg/day) or CD4+ T-lymphocyte 
percentage <15 % were excluded. The ten patients 
with hematologic malignancies and solid tumors 
who were immunized did not have any serious 
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adverse events or an excessive period of viral 
shedding. Immunogenicity ranged from 33–44 % 
depending on the assay utilized. Carr et al. ( 2011 ) 
compared seroresponse in 52 children who were 
mild to moderately immunocompromised and ran-
domly assigned to LAIV or inactivated vaccine. 
Seroprotection was found to be greater to infl u-
enza A strains with the inactivated vaccine. No 
difference was seen in  seroprotection to infl uenza 
B. No serious adverse events were noted; specifi -
cally, viral shedding was not increased with the 
live attenuated vaccine. With limited safety data 
and no evidence of increased immunogenicity 
with LAIV, this form of the infl uenza vaccine 
remains relatively contraindicated in pediatric 
oncology patients.   

16.7.6     Hepatitis B Virus Vaccine 

 In areas of high prevalence, especially East Asia 
and lower-income countries, the risk of HBV 
transmission during chemotherapeutic regimens 
is signifi cant and therefore vaccination in these 
settings should be strongly considered (Somjee 
et al.  1999 ; Meral et al.  2000 ; Sevinir et al.  2003 ; 
Yetgin et al.  2007 ). Multiple studies using differ-
ent vaccination schedules, a combination of pas-
sive and active immunization, and signifi cant 
difference in transmission risk are present in the 
literature (Berberoğlu et al.  1995 ; Hovi et al. 
 1995 ; Kavakli et al.  1996 ; Goyal et al.  1998 ; 
Somjee et al.  1999 ; Meral et al.  2000 ; Yetgin 
et al.  2001 ; Somjee et al.  2002 ; Köksal et al. 
 2007 ; Yetgin et al.  2007 ; Baytan et al.  2008 ). The 
lowest rate of HBV transmission appears to be 
in those patients that receive a combination of 
 passive and active immunization although the 
cost- effectiveness of this approach is question-
able (Kavakli et al.  1996 ; Meral et al.  2000 ; 
Somjee et al.  2002 ). For seronegative patients 
with ALL in maintenance, seroconversion rates 
ranged from 35.1–62.5 % after a 2–5 shot HBV 
series (Yetgin et al.  2001 ,  2007 ; Baytan et al. 
 2008 ). Although HBV transmission still occurs 
in those that are immunized during therapy, 

Yetgin et al. ( 2007 ) showed that infection was 
signifi cantly decreased compared to unvacci-
nated patients, even if seroconversion did not 
occur. Additional studies among pediatric oncol-
ogy patients with variable timing of immuniza-
tion and vaccination schedules showed a 
seroconversion rate of 50–78 % (Berberoğlu 
et al.  1995 ; Hovi et al.  1995 ; Köksal et al.  2007 ). 
Hovi et al. ( 1995 ) studied 165 pediatric oncology 
patients; of the 51 on therapy, 67 % responded to 
a three-dose immunization schedule as compared 
to a 97 % seroresponse in the 114 off therapy. 
HBV immunization is important in settings out-
side of the United States and Western Europe 
where risk of transmission during therapy is high, 
although fi rm recommendations on the optimal 
timing and schedule of vaccination cannot be 
made based on the studies to date.  

16.7.7     Meningococcal Conjugate 
Vaccine 

 The risk of meningococcus in immunocompro-
mised pediatric oncology patients is unknown. 
Yu et al. ( 2007 ) studied vaccine response to 
protein- conjugated meningococcal C vaccine in 
25 children with ALL and found improved 
response in those vaccinated 3 months after the 
completion of chemotherapy as compared to 
those in maintenance therapy (4 of 15 responders 
in maintenance versus 9 of 10 responders after 
chemotherapy completion).  

16.7.8     Varicella Zoster Virus 

 Due to the herd immunity provided by routine 
varicella vaccination, especially in North America, 
guidelines for immunization during ALL mainte-
nance have changed, and immunization is no lon-
ger recommended in these settings (Centers for 
Disease Control and Prevention  2007 ; American 
Academy of Pediatrics  2012c ; Caniza et al. 
 2012 ). However, varicella immunization should 
still be a consideration in higher- risk populations, 
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especially lower-income countries and, potentially, 
those higher income countries without universal 
varicella vaccination campaigns (Levin  2008 ; 
Esposito et al.  2010a ). 

 Sartori ( 2004 ) provides an excellent review of 
varicella vaccination in immunocompromised 
patients. Early studies of the effi cacy and safety 
of live attenuated varicella vaccine in children 
with acute leukemia were done in Japan with fur-
ther safety data in the United States (Gershon 
et al.  1984 ; Takahashi et al.  1985 ; Gershon 
et al.  1986 ; Gershon and Steinberg  1989 ). 

 In their initial study, Gershon et al. ( 1984 ) 
showed the safety of live attenuated varicella vac-
cination when given to children with ALL that were 
in continuous clinical remission for 1 year, had 
a lymphocyte count ≥0.7 x 10 9 /L, an IgG level 
≥100 mg/dL, responded to at least one mitogen, 
and had all chemotherapy suspended for 1 week 
before and after vaccination. Seroresponse was 
80 % after one dose of VZV. Rash was the only 
side effect which also increased seroconversion as 
well as the chance of transmission. Vaccination 
was quite protective, decreasing rate of infection 
after exposure to 18 % from an expected 90 % and 
also presenting as mild disease in those with clini-
cal illness after exposure. A follow-up study by the 
same group with a larger cohort showed 88 % 
seroconversion after one dose of vaccination and 
98 % seroconversion after two doses with no nota-
ble serious adverse events (Gershon and Steinberg 
 1989 ). Multiple other small studies have shown 
similar results with no serious adverse events 
(Heath and Malpas  1985 ; Ninane et al.  1985 ; 
Heath et al.  1987 ; Ecevit et al.  1996 ; Cakir et al. 
 2012 ). 

 A recent case report by Schrauder et al. ( 2007 ) 
on a child with ALL who developed fulminant 
varicella infection 32 days after varicella vacci-
nation deserves mention. Vaccination was given 
with an interruption in chemotherapy, 1 week 
prior and 1 week after, but was given 5 months 
after complete remission had been achieved and 
prior to intensive reinduction chemotherapy, not 
in accordance with the stringent guidelines set 
forth by Takahashi et al. ( 1985 ) and Gershon 
et al. ( 1984 ,  1986 ; Gershon and Steinberg  1989 ). 
Based on their case, the authors recommend 
waiting at least 9 months after all therapy 

 completion (including maintenance chemother-
apy) prior to administering varicella vaccination. 
Their recommendation is not supported by the 
existing literature but does emphasize the care 
and attention that is necessary when administer-
ing this live attenuated vaccine to children that 
remain immunocompromised (Centers for 
Disease Control and Prevention  2007 ).   

16.8     Recommendations 
for Vaccination After 
Chemotherapy Completion 

 Immune reconstitution is variable after the com-
pletion of chemotherapy leading to inconsistent 
guidelines for (re)vaccination. Among the pub-
lished guidelines, four authors recommend com-
mencing (re)vaccination 3 months after therapy 
completion (Centers for Disease Control and 
Prevention  1993 ; Sung et al.  2001 ; Allen  2007 ; 
Esposito et al.  2010a ). For three of the four 
authors, this recommendation is inclusive of live 
viral vaccines (Centers for Disease Control and 
Prevention  2007 ). Esposito et al. ( 2010a ) recom-
mend waiting 6 months for live vaccines. The UK 
guidelines (Royal College of Paediatrics and 
Child Health  2002 ) recommend waiting 6 months 
for all vaccinations while Ruggiero et al. ( 2011 ) 
recommend waiting 6 months for inactivated/
killed vaccines and measles but 12 months for 
VZV. Fioredda et al. ( 2005 ) also recommend 
waiting 6 months after therapy completion. 
Guidelines are unclear in regard to children that 
interrupted their primary immunization series 
(Esposito et al.  2010a ; Ruggiero et al.  2011 ). 
Based on their review, van Tilburg et al. ( 2012 ) 
conclude that although revaccination is  important, 
further study is still required to determine what 
the appropriate immunizations are,  depending on 
the local herd immunity and risk for vaccine- 
preventable disease after chemotherapy. They do 
feel based on their review that 3 months after the 
completion of therapy is a good time point to 
begin the evaluatory process. Whether the evalu-
atory process should include pre- and/or post-
immunization titers is also unclear; additionally 
there is a signifi cant associated cost with such a 
strategy and seroprotection may not always 
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equate with seropositivity by antibody level. The 
main factors that must be considered are mini-
mizing the period of risk to the patient while bal-
ancing the risk for lack of seroconversion with 
premature immunization. Risk of vaccine- related 
infection from live viral vaccination seems less of 
a concern after therapy completion since patients 
can safely be immunized with varicella during 
ALL maintenance. For infl uenza, Esposito et al. 
( 2010b ) show that the biggest risk to pediatric 
patients with malignancy is during treatment and 
6 months after the completion of therapy (includ-
ing risk of infection and hospitalization). Beyond 
this point, risk becomes similar to the general 
pediatric population. 

 Based on the UK guidelines as outlined in the 
Royal College of Paediatrics and Child Health 
(RCPCH) best practice statement from 2002, 
Patel et al. ( 2007 ) enrolled 59 children with a his-
tory of leukemia ≥6 months after chemotherapy 
completion for revaccination. They found the 
large majority who were defi cient achieved opti-
mal antibody concentrations that persisted when 
rechecked 12 months after immunization. Based 
on their results they recommend following the 
RCPCH timing for booster vaccination. Of their 
studied vaccinations, inactivated poliovirus vac-
cine was the least immunogenic (HBV was not 
part of the study) but seroconversion rates were 
similar to published response in healthy indivi-
duals. Treatment intensity was not signifi cantly 
associated with seroresponse. Similar rates of 
seroconversion are plausible with earlier vaccina-
tion as well; thus, 3 months post the completion of 
therapy is recommended by several authors based 
on their data (Lehrnbecher et al.  2009 ; Zengin and 
Sarper  2009 ). Large, randomized controlled trial 
data are lacking to make fi rm recommendations.  

16.9     Active/Passive Immunization 
After Disease Exposure 

16.9.1     Varicella 

 Live virus vaccination is contraindicated after 
varicella disease exposure (2 days prior to rash or 
before all lesions crusted over in contact) in 
immunocompromised individuals, although 

passive immunization and antivirals may be of 
utility. Multiple studies of variable quality have 
shown the potential benefi t of varicella zoster 
immune globulin (VariZIG; VZIG) in immuno-
compromised children, nicely summarized by 
Fisher et al. ( 2011 ) (Brunell et al.  1972 ; Gershon 
et al.  1974 ; Judelsohn et al.  1974 ; Feldman et al. 
 1975 ; Evans et al.  1980 ; Orenstein et al.  1981 ; 
Hanngren et al.  1983 ; Zaia et al.  1983 ; Feldman 
and Lott  1987 ). VZIG often will not prevent dis-
ease in immunocompromised patients but has 
been shown to decrease disease severity (in most 
patients). Effi cacy of VZIG has been shown to 
decline if given >72 h after exposure; therefore, 
previous US recommendations were to adminis-
ter it within 96 h of exposure (Feldman and Lott 
 1988 ; American Academy of Pediatrics  2006 ). 
With the potential to attenuate disease even 
beyond this 72–96 h window, newer US guide-
lines as well as UK guidelines recommend VZIG 
up to 10 days after exposure (Royal College of 
Paediatrics and Child Health  2002 ; American 
Academy of Pediatrics  2012c ). Due to the lack of 
quality studies, VariZIG remains an investiga-
tional agent in the United States and requires 
institutional review board approval and comple-
tion of an investigational new drug form. If VZIG 
is not available, intravenous immunoglobulin 
(IVIG) may be given. 

 Oral acyclovir antiviral prophylaxis has been 
claimed to show benefi t in multiple studies, sum-
marized by Fisher et al. ( 2011 ) (Ishida et al.  1996 ; 
Goldstein et al.  2000 ; Martin-Hernandez  2000 ; 
Shinjoh and Takahashi  2009 ). As with VZIG, 
these studies are case reports or nonrandomized 
uncontrolled studies. Studies in healthy children 
have specifi cally shown a decrease in disease when 
acyclovir is given as a 7-day course starting 1 week 
after expo sure; effi cacy was decreased when pro-
phylaxis was started 3 or 11 days after exposure 
(Asano et al.  1993 ; Suga et al.  1993 ; Huang et al. 
 1995 ; Fisher et al.  2011 ). Current US guidelines 
recommend a 7-day course starting 7–10 days 
after exposure, while UK guidelines recommend 
a 14-day course starting 7 days after exposure 
(Royal College of Paediatrics and Child Health 
 2002 ; American Academy of Pediatrics  2012c ). 
See Table  16.2  for VZIG, IVIG and acyclovir 
dosing recommendations. Fisher et al. ( 2011 ) 
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comment in their review that a formal compari-
son between VZIG and acyclovir is lacking.

16.9.2        Measles 

 Measles immunization is contraindicated after 
measles exposure in immunocompromised 
patients. Passive immunization with immunoglob-
ulin (Ig) should be utilized especially with viro-
logic confi rmation of exposure and exposure 
occurring 5 days prior to and up to 4 days after the 
onset of rash in the infectious contact. Ig may be 
given either intramuscularly or intravenously, 
especially if thrombocytopenic. Ideally passive 
prophylaxis should be given within 72 h of expo-
sure; US guidelines recommend Ig up to 6 days 
after exposure, UK guidelines up to 14 days after 
contact (Royal College of Paediatrics and Child 
Health  2002 ; American Academy of Pediatrics 
 2012b ). See Table  16.2  for dosing. Of note, a 
washout period after any immunoglobulin product 
(and blood products) is required prior to 

 administration of measles vaccination. In the pre-
viously immunocompromised patient, MMR 
should be given a minimum of 6 months after Ig 
(American Academy of Pediatrics  2012b ). In set-
tings without Ig availability, early initiation of rib-
avirin for the treatment or postexposure prophylaxis 
of measles can be considered (Moulik et al.  2013 ).   

16.10     Treatment 
of Hypogammaglobulinemia 
During Chemotherapy 

 The impact of low immunoglobulin levels on the 
risk of infectious sequelae during chemotherapy 
has not been well characterized. Although van 
Tilburg et al. ( 2012 ) showed that IgG levels were 
signifi cantly lower in ALL patients receiving more 
intensive therapy and these patients also suffered 
more infectious complications, this fact could not 
be directly correlated to IgG levels. Kovacs et al. 
( 2008 ) analyzed 88 children 1 year after the com-
pletion of chemotherapeutic regimens for malig-
nancies. Leukemia patients suffered a statistically 
increased number of febrile episodes as compared 
to solid tumor patients, although this did not cor-
relate with immunoglobulin levels. Similarly, solid 
tumor patients with low immunoglobulin levels 
suffered more febrile episodes than those with nor-
mal Ig levels, but not to the point of statistical sig-
nifi cance. Multiple consensus statements on the 
use of IVIG do not include routine use in acquired 
hypogammaglobulinemia due to chemotherapy 
(Hemming  2001 ; Orange et al.  2006 ; Robinson 
et al.  2007 ). In a Canadian consensus statement, 
Robinson et al. ( 2007 ) note that IVIG is often a 
part of oncologic study protocols (though not 
 evidence-based) and may also be considered in 
patients with a history of severe invasive infection 
or recurrent sinopulmonary infection in the setting 
of acquired hypogammaglobulinemia.  

16.11     Vaccination of Household 
Contacts 

 Minimizing the risk of exposure in immunocom-
promised patients to vaccine-preventable diseases 
by immunization of household contacts is a vital 

    Table 16.2    Passive immunization after varicella or mea-
sles disease exposure a    

  Exposure to varicella 2 days prior to rash or before 
crusting of all lesions in contact : 
  If within 4–10 days of exposure  :  
 VZIG 125 units/10 kg for the fi rst 10–40 kg; >40 kg, 
625 units IM (max 2.5 mL per injection site) 
  Or  
 IVIG 400 mg/kg IV 
  Or  
  If within 7–10 days of exposure and neither VZIG nor 
IVIG administered  :  
 Acyclovir 80 mg/kg/day PO div QID (max dose 
800 mg QID), for 7–14 days 
  Exposure to measles 5 days prior to or 4 days after 
onset of rash in contact : 
  If within 6–14 days of exposure  :  
 Immunoglobulin 0.5 mL/kg IM (max dose 15 mL; max 
3 mL per injection site in children) 
  Or  
 IVIG 400 mg/kg IV 

   VZIG  varicella zoster immunoglobulin,  IVIG  intravenous 
immunoglobulin 
 Adapted from Royal College of Paediatrics and Child 
Health ( 2002 ), American Academy of Pediatrics ( 2012b, c ) 
  a See text for details; level of evidence 1C per Guyatt et al. 
( 2006 ); see Preface   
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aspect of supportive care (Table  16.3 ). As dis-
cussed, immunogenicity to vaccine-preventable 
disease will be blunted during the period of high-
est risk; thus, minimizing any potential infectious 
contacts is more important than vaccine guide-
lines in those receiving therapy. Immunization of 
healthcare workers is therefore also important 
and summarized in Chap.   14    . Live virus vaccines 
including measles-mumps-rubella, rotavirus and 
varicella have all been deemed safe due to the 
minimal risk of disease spread. Oral poliovirus 
vaccine is contraindicated and live attenuated 
infl uenza vaccine is relatively contraindicated 
(American Academy of Pediatrics  2012a ). 
Household contacts should receive yearly inacti-
vated infl uenza vaccine and young, susceptible 
contacts should be immunized against varicella. 
Vaccinees who develop a postvaccination rash 
should be separated from susceptible individuals 
due to the theoretical risk of infection transmis-
sion (Hughes et al.  1994 ; LaRussa et al.  1997 ; 
Chaves et al.  2008 ; Galea et al.  2008 ). However, 
no transmission of vaccine strain varicella has 
been reported to immunocompromised patients 
in the United States after 55 million doses of vac-
cine have been given (Chaves et al.  2008 ; Galea 
et al.  2008 ). Outside of the United States, in coun-
tries without national varicella vaccination pro-
grams, immunization of household contacts has 
been problematic due to concerns of safety as 

well as a lack of identifi cation by pediatric oncol-
ogists (Timitilli et al.  2008 ; Fisher et al.  2011 ).

16.12        Summary 

 Much is yet to be understood in regard to the pace 
of immune recovery after current chemotherapeutic 
regimens due to the lack of large, prospective stud-
ies. Likely, due to multifactorial reasons, the tempo 
will be variable when considering the array of ages, 
diagnoses and treatment regimens employed in 
pediatric oncology. In settings with expansive vac-
cine programs, immunocompromised children will 
be well protected from vaccine- preventable dis-
eases due to herd immunity. In high-prevalence set-
tings, vaccination during chemotherapy and periods 
of risk is more vital and further study is required as 
to the  optimal timing and safety of such recommen-
dations. (Re)vaccination after chemotherapy is 
important although the optimal timing and extent of 
(re)immunization is unclear. Large, randomized 
controlled trials are required to make fi rm deci-
sions. Patients should be offered booster immuni-
zation 3–6 months after therapy completion by 
either the pediatric oncologist or in concert with the 
general pediatrician. Prevention of exposure by 
stringent vaccination of household contacts and 
treatment of exposure with passive immunization 
are also important aspects of supportive care in 
regard to vaccine-preventable disease.     
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    Abstract  

  Central venous catheters are an essential com-
ponent of care in children and adolescents with 
cancer and allow for safe and compassionate 
administration of chemotherapy and support-
ive medications, infusions, and transfusions in 
an effi cient and cost- effective manner. With 
these benefi ts also come a host of decisions 
and potential  complications. Catheter choice 
includes implanted versus external catheter, 
those meant for short- versus longer-term 
usage, as well as catheters that may be utilized 
for hematopoietic stem cell harvesting. 
Complications are primarily infection and 
thrombosis. This chapter provides evidence-
based graded recommendations from the med-
ical literature regarding choice and care of 
catheters specifi c for each patient and  provides 
techniques for prevention, recognition and 
treatment of the most common complications.  
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17.1        Introduction 

 Central venous catheters (CVCs) are an impor-
tant component of the supportive care of pediat-
ric oncology patients and allow for the utilization 
of increasingly intensive and complex therapeu-
tic regimens which has contributed to the 
increased survival rate in high-income  countries. 
CVCs allow for safe delivery of chemotherapy, 
antibiotics and other medications, parenteral 
nutrition, blood products, hematopoietic stem 
cell infusions, and fl uids. Frequent blood sam-
pling, required to monitor side effects of therapy 
and disease status, can be accomplished com-
fortably and effi ciently through an external 
CVC. Despite these advantages, challenges 
exist with the use of CVCs, primarily infection 
and occlusion. Ongoing research to develop 
strategies to prevent and treat these problems is 
needed. Here we review the existing literature 
and provide graded recommendations based 
on the evidence as well as consensus and 
expert opinion when fi rm evidence is lacking 
(Table  17.1 ).

17.2        Types of Central Venous 
Catheters 

 CVCs are divided into two categories: non- 
tunneled and tunneled. Each catheter type has 
specifi c line care needs, advantages, disadvan-
tages and complications (Table  17.2 ). Selection 
of the optimal type of CVC for use in a specifi c 
disease or treatment protocol is not standardized. 
Factors to consider in catheter selection include 
the age and weight of the child, the length and 
intensity of therapy, frequency of blood sam-
pling, anticipated supportive care interventions 
including  transfusions, infusions and nutrition, 
level of patient activity, body image, and family 
ability to understand teaching and properly care 
for the line. 

17.2.1     Peripherally Inserted Central 
Catheter 

 A peripherally inserted central catheter (PICC) 
is the most frequently inserted non-tunneled 

CVC for short-term intravenous therapy and 
can remain in place for weeks to months. A 
PICC is the ideal central access device for 
oncology patients that present acutely ill and 
too unstable for anesthesia (e.g., mediastinal 
mass, airway compromise). Some institutions 
prefer a PICC during induction therapy for 
acute leukemia due to concern of an increased 
risk of catheter thrombosis associated with 
asparaginase therapy. The thin fl exible silicone 
or polyurethane catheter is typically inserted 
into the basilic vein due to the ease of threading 
within this vessel. The catheter tip is placed 
into a large vessel, typically the distal superior 
vena cava (SVC), allowing for rapid dilution of 
medications and prevention of vessel damage 
from vesicants and hyperosmolar solutions 
(Pettit  2002 ; Burns  2005 ). Insertion complica-
tions include curling of the catheter, diffi culty 
threading the catheter, multiple attempts to 
place the catheter, malposition or failure to 
insert the catheter and medial nerve damage 
(Pettit  2002 ; Burns  2005 ; Alomari and Falk 
 2006 ). Post-insertion imaging either with a 
chest radiograph or fl uoroscopy should be 
obtained to document proper placement of the 
catheter tip. 

 Advantages of PICCs include the ability to 
insert at either the bedside or in interventional 
radiology, ability to remove at the bedside, 
decreased cost and decreased potential compli-
cations related to anesthesia or a surgical 
 procedure. After insertion, the external portion 
of the catheter is measured and documented. 
Remeasurement with each dressing change 
ensures proper positioning. Smaller gauge 
(larger diameter) PICCs allow for blood sam-
pling and red blood cell transfusions. The manu-
facturer’s recommendations and established 
institutional guidelines should be strictly fol-
lowed. Disadvantages of a PICC include the 
need for sterile dressing changes,  frequent fl ush-
ing and a risk of phlebitis. The  catheter lacks a 
cuff for stabilization creating an increased risk 
of dislodgement. Securing a PICC line is espe-
cially important in young or unstable patients. A 
sutureless securement device, StatLock®, is a 
housing unit that clips the PICC line suture 
wings into place with an adhesive patch, 
 improving stabilization over tape. A  prospective, 
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randomized trial to evaluate the use of StatLock® 
versus sutures found an overall reduction in 
complications and specifi cally with a signifi cant 
decrease in bloodstream infections (Yamamoto 
et al.  2002 ).  

17.2.2     External Tunneled Central 
Venous Catheter 

 A Broviac catheter is the most commonly inserted 
external tunneled CVC in pediatrics (other  external 

   Table 17.1    Summary of recommendations for prevention of infectious complications with central venous catheters 
(CVCs)   

 Recommendation  Level of evidence a  

 Insertion  Hand hygiene with soap and water or waterless alcohol gel  1A 
 Maximal sterile barrier precautions: cap, mask, sterile gown, sterile gloves, sterile 
full body drape 

 1A 

 Skin antisepsis with 2 % chlorhexidine  1A 
 Trained, competent provider to insert or oversee inexperienced personnel  1A 
 No prophylactic antibiotic  1B 
 Use of totally implanted device whenever possible due to decreased risk of 
infection 

 1B 

 Use of ultrasound-guided assistance not recommended with subclavian line 
placement 

 2A 

 Subclavian site is the preferred insertion site  2C 
 CVC placement can occur with ALL induction or be delayed  2C 

 Site care  Hand hygiene with soap and water or waterless alcohol gel  1A 
 Use either sterile transparent semipermeable dressing or sterile gauze and tape 
dressing (especially if diaphoretic or bleeding from site) 

 1A 

 Change sterile transparent semipermeable dressing every 5 days or when loose, 
wet, or soiled 

 1C 

 Change sterile gauze and tape dressing daily or if loose, wet, or soiled  1C 
 Chlorhexidine gluconate for exit site antisepsis  1A 
 Monitor site for evidence of infection  1C 
 No topical antibiotic at exit site  1B 
 Use of StatLock® for securement of PICC line  1B 
 Antiseptic-impregnated catheters are not routinely recommended  2C 

 Hub care  Scrub hub for 15 s with either 70 % isopropyl alcohol or 2 % chlorhexidine in 
70 % isopropyl alcohol prior to every access 

 1B 

 Assessment  Daily assessment of site for evidence of infection  1C 
 Daily assessment of need for CVC  1A 

 Locking 
line 

 External catheters: daily (when not in use) and after intermittent use with 
heparinized saline (concentration/volume per institutional policy) 

 1C 

 Totally implanted device: monthly and after intermittent use with heparinized 
saline (concentration/volume according to institutional policy) 

 1C 

 Education  Dedicated CVC team to evaluate current literature  1B 
 Ongoing training for personnel of new policies, procedures, equipment  1B 

 Infection  Antibiotic ointment alone should not be used for exit site infections  1B 
 Catheter removal is indicated for tunnel infection  2A 
 Port catheter removal is indicated for pocket infection  1A 

 Occlusion b   Utilization of tPA dwell for CVC occlusion  2A 
 Low-dose systemic tPA if tPA dwell unsuccessful  2C 
 Imaging with compression US with Doppler and CT with venography if US 
nondiagnostic with a high level of suspicion 

 2A 

   ALL  acute lymphoblastic leukemia,  PICC  peripherally inserted central catheter,  tPA  tissue plasminogen activator,  US  ultra-
sound,  CT  computed tomography 
  a Per Guyatt et al. (2006); see Preface 
  b See text for further detail  
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tunneled CVCs include Hickman, Groshong, 
Leonard, Hemocath and Powerline) and is available 
in either a single- or double-lumen system. Tunneled 
catheters are placed into a vein in the chest or neck 
and tunneled under the skin to secure for long-term 
use. Made of silicone or polyurethane, Broviac 
catheters are surgically inserted into either the inter-
nal jugular vein or subclavian vein with the tip 
placed into the distal SVC. The line is tunneled 
under the skin and exits on the anterior or lateral 
chest. A Dacron cuff stimulates tissue growth stabi-
lizing the line in place while inhibiting bacterial 
migration. The cuff may be felt under the skin 
approximately 2 cm above the exit site. 

 A Powerline is a newer less frequently used 
cuffed polyurethane tunneled CVC available in 
single-, dual- or triple-lumen systems. In addition 
to the advantages of an external CVC, a Powerline 
is compatible with power injection of CT contrast 
(as needed for imaging) with a maximum fl ow 
rate of 5 mL/s and can be utilized for stem cell 
harvesting (BARD website  2014 ). Routine daily 
line care is similar to a Broviac though Powerlines 
are made of a fi rmer material and breaks in the 

external portion are not repairable, thereby 
requiring removal. 

 Advantages of an external CVC include easy 
access for delivery of intravenous therapies and 
painless blood sampling. In the event of tears or 
blockages, the external portion of the catheter is 
repairable with kits available from the manufac-
turer. Repair kits for each CVC size should be 
kept in stock at the institution. Disadvantages of 
an external CVC are requirement of surgical 
placement with anesthesia, increased risk of 
infection and thrombosis compared to implanted 
catheters, requirement for sterile dressing 
changes, daily heparin fl ushes, risk of kinking 
and breaking particularly with larger gauge 
(smaller diameter) sizes, limitations on activity 
(swimming and bathing), impact on body image, 
and potential for self-removal, especially with 
infants and toddlers. External CVCs carry a 
greater risk of infection than implanted ports as a 
result of the external site of the hubs and possibly 
secondary to the frequency of access for infusion, 
line fl ushing and blood sampling (Adler et al. 
 2006 ; Maki et al.  2006 ; Perdikaris et al.  2008 ).  

    Table 17.2    Advantages and disadvantages of central venous catheters (CVCs)   

 Type of CVC  PICC  Broviac  Implanted port  Powerline 

 Advantages  Immediate access  Immediate access  No required daily care 
(when not accessed) 

 Immediate access 

 Bedside insertion  Painless blood 
sampling 

 Blood sampling (when 
accessed) 

 Blood sampling 

 Bedside removal  External portion 
repairable 

 Lower infection risk  Compatible with CT 
power injection 

 Blood sampling with 
≥2.8 F 
Transfusions with 
≥4.0 F 

 No restriction of 
activities 

 Use for stem cell 
pheresis 

 Disadvantages  Frequent fl ushing  Surgical placement  Needle required for 
access 

 Surgical placement 
Daily fl ushing  Sterile dressing 

changes 
 Daily fl ushing 

 Phlebitis  Sterile dressing 
changes 

 Potential needle 
dislodgement 

 Sterile dressing changes 

 Increased infection risk  Bathing limitations 
 Bathing limitations  No swimming 
 No swimming  Potential for self-removal 
 Potential for 
self-removal 

 External portion not 
repairable 

 Impact on body image  Impact on body image 

   PICC  peripherally inserted central catheter,  F  French,  CT  computed tomography  
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17.2.3    Implanted Port 

 A port is a totally implanted tunneled CVC con-
sisting of two sections, a plastic or titanium res-
ervoir with a self-sealing rubber septum and a 
silicone or polyurethane catheter. The reservoir 
is placed in a surgically created pocket in the 
subcutaneous tissue below the clavicle and 
sutured to the fascia to ensure stabilization. The 
reservoir should not be placed directly beneath 
the surgical incision as accessing through the 
incision may lead to infection or skin break-
down (Baggott et al.  2002 ). The catheter is tun-
neled and inserted into either the internal jugular 
or subclavian vein with the tip in the distal 
SVC. The use of a non-coring Huber needle 
prolongs the life of the septum to approximately 
2,000 punctures with a 22 gauge needle and 
1,000 punctures if using a 19 gauge needle 
(BARD website  2014 ). If the port is to be used 
immediately, the surgeon may access the device 
in the operating room prior to development of 
postoperative swelling thereby preventing 
patient discomfort. 

 Advantages of an implanted port include 
decreased risk of infection, ease of blood sam-
pling when accessed for use, no restrictions on 
swimming or bathing and no required daily care 
when not accessed (O’Grady et al.  2002 ; Adler 
et al.  2006 ). A disadvantage, particularly in small 
children, is the requirement for needle access 
through the skin. A lidocaine-based topical anes-
thetic cream (or ethyl chloride “cold” spray) is 
frequently used prior to access to decrease the 
discomfort of needle insertion. While accessed, 
site assessment is necessary as dislodgment may 
occur due to the patient’s activity or use of an 
inappropriate length Huber needle, potentially 
leading to infi ltration or extravasation of infu-
sions. Implanted ports may stay accessed for 
long periods of time, but it is recommended to 
reaccess with a fresh needle every 7 days. 
Mechanical complications, although quite rare, 
include damage to the port reservoir, separation 
of the catheter from the reservoir and erosion of 
the reservoir through the skin (Schulmeister 
 2010 ).   

17.3    Catheter Insertion 

 Though rare, complications during insertion can 
arise and cause signifi cant morbidity and include 
pneumothorax, hemothorax, chylothorax, malpo-
sitioning, arterial puncture and failure to place. 
Factors associated with complications include 
physician inexperience, multiple insertion 
attempts, prior catheterizations, patient anatomy, 
prior surgery or radiation in the area and a high 
body mass index (Mansfi eld et al.  1994 ; Lefrant 
et al.  2002 ; Kusminsky  2007 ). An insertion fail-
ure rate of up to 43 % and complication rate up to 
24 % occurs with ≥3 insertion attempts leading 
to a recommendation of limiting each operator to 
a maximum of two unsuccessful attempts 
(Mansfi eld et al.  1994 ; Eisen et al.  2006 ). The 
defi nition of an “attempt” varies among studies 
ranging from one puncture to multiple punctures 
by one operator at one site making comparisons 
diffi cult (Eisen et al.  2006 ; Balls et al.  2010 ). 

 Several studies have been completed evaluat-
ing the advantage of using real-time ultrasound- 
guided assistance (UGA) rather than the 
anatomic landmark technique for placement of a 
CVC (Augoustides and Cheung  2009 ; Pittiruti 
et al.  2009 ; Balls et al.  2010 ). A meta-analysis 
by Randolph et al. ( 1996 ) concluded that this 
technique led to an improved insertion success 
rate and a decrease in complications in both 
internal jugular and subclavian vein insertions. 
McGee and Gould ( 2003 ) found that UGA is 
effective in catheterization of the internal jugular 
vein with a decreased incidence of mechanical 
complications and placement failure. However, 
they found no benefi t using this technique with 
subclavian vein insertions as the clavicle lies 
directly over the vessel, impeding visualization. 
In their studies, Mansfi eld et al. ( 1994 ) and 
Troianos et al. ( 2011 ) reached a similar conclu-
sion. A retrospective observational study by 
Balls et al. ( 2010 ) assessed 1,222 CVC place-
ment attempts concluding that the use of UGA 
did not improve the success of placement on the 
fi rst attempt but overall saw a reduced number of 
total attempts. Further study is required to 
 determine whether the routine use of UGA is 
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feasible due to the high cost of equipment, 
required personnel training and equipment main-
tenance (Randolph et al.  1996 ). 

 Catheter insertion in the subclavian vein car-
ries a higher risk of pneumothorax, malposition-
ing and failure to place compared to internal 
jugular insertion, while internal jugular cathe-
terization is associated with a higher incidence 
of arterial puncture and hematoma (McGee and 
Gould  2003 ; Eisen et al.  2006 ). Although the 
subclavian vein carries the greater risk of inser-
tion complications, it remains the preferred 
approach due to a lower rate of infection noted 
in some studies (McGee and Gould  2003 ). A 
prospective, observational study by Deshpande 
et al. ( 2005 ) found no difference in CVC infec-
tion rates for subclavian, internal jugular or 
femoral vein insertion sites in adult patients. 
The 2011 Centers for Disease Control (CDC) 
Guidelines for the Prevention of Intravascular 
Catheter- Related Infections declined to make a 
recommendation for the preferred CVC inser-
tion site leaving the issue unresolved (O’Grady 
et al.  2011 ). 

 Children with acute lymphoblastic leukemia 
(ALL) often present with neutropenia and 
thrombocytopenia theoretically putting them at 
increased risk for complications with CVC 
placement. However, two separate studies eval-
uating 172 and 98 children, respectively, found 
no increased rate of complication with early 
CVC placement in newly diagnosed ALL 
patients (Handrup et al.  2010 ; Gonzalez et al. 
 2012 ). Platelet thresholds for CVC placement 
are undefi ned (see Chap.   2    ). Handrup et al. 
( 2010 ) also concluded that the nonelective 
removal rate was similar between early and later 
placed CVCs. A retrospective analysis of 362 
patients with ALL assessed complication rates 
between timing of insertion (early, ≤day 15 of 
induction, vs. late, >day 15 of induction) and 
type of CVC (ports vs. external CVCs) and 
found that early placement was associated with 
an increased risk of a positive blood culture and 
external CVCs were associated with an 
increased risk of positive blood cultures, throm-
botic complications, and early removal (McLean 
et al.  2005 ). Due to the conflicting evidence, 

institutions providing initial care of newly diag-
nosed oncology patients must decide on the 
benefi t of CVC placement timing, with ongoing 
monitoring for early complications and of line 
care in this setting.  

17.4    Infection 

 Infection remains the major complication of an 
indwelling CVC, with bloodstream infection 
causing the most signifi cant risk of morbidity and 
mortality. Terms used to describe intravascular 
catheter-related infection are confusing with cen-
tral line-associated bloodstream infection 
(CLABSI) and catheter-related bloodstream 
infection (CRBSI) often used interchangeably. 
CLABSI is defi ned as an infection occurring in 
the patient with a CVC and not related to an 
infection at another site and is the term used by 
the CDC National Healthcare Safety Network 
(NHSN). CRBSI is a clinical defi nition requiring 
specifi c laboratory testing, quantitative blood 
cultures, differential time to positivity or culture 
of a segment of the removed catheter (O’Grady 
et al.  2011 ). Common organisms causing 
CLABSI include  Staphylococcus epidermis , 
 Staphylococcus aureus ,  Enterococcus faecalis , 
 Klebsiella pneumoniae ,  Pseudomonas aerugi-
nosa  and  Candida albicans . See Chaps.   1     and   14     
for prevention, recognition and treatment of sus-
pected infection or sepsis. 

 Most CVC-related infections are thought to 
occur by one of two methods: colonization at the 
exit site with pathogen migration along the exter-
nal catheter surface or hub contamination leading 
to intraluminal colonization with spread into the 
circulation (McGee and Gould  2003 ). Within 
hours of CVC placement, a protein-rich sheath 
begins developing, covering the external and 
internal surfaces of the catheter. The protein 
sheath allows adherence of microbes which then 
produce a slimy substance (biofi lm) becoming 
embedded in the matrix (Raad et al.  1993 ). 
Pathogens within a biofi lm behave differently 
with an increased rate of reproduction and a 
greater resistance to antimicrobial therapy (Raad 
et al.  1993 ; Donlan  2011 ). 
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 Antiseptic-impregnated catheters (AIC) coated 
with either chlorhexidine and silver sulfadiazine 
(CSS) or minocycline-rifampin (MR) have 
been studied in an effort to determine their 
effec tiveness in decreasing the rate of CLABSI. 
Randomized clinical trials have generally not 
shown these catheters to be benefi cial (McGee 
and Gould  2003 ). In a randomized clinical trial 
evaluating 232 catheters inserted in 180 criti-
cally ill hospitalized adult patients in use 
<10 days, there was no signifi cant difference in 
the rates of colonization between antiseptic- 
impregnated and non-impregnated catheters 
(Theaker et al.  2002 ). Separate meta-analyses 
reviewing randomized controlled trials com-
paring AICs and non-AICs with a median 
insertion duration of 7–12 days concluded the 
effi cacy of CSS catheters to be <2 weeks with 
MR catheters being effective somewhat longer 
(Mermel  2000 ; Walder et al.  2002 ). The results 
of numerous studies are diffi cult to compare 
with no type of catheter showing a defi nitive 
advantage. The CDC recommends that institu-
tions develop strategies to provide education of 
personnel who insert and maintain catheters, 
with use of maximal sterile barrier precautions 
(i.e., cap, mask, sterile gown, sterile gloves and 
a sterile full body drape for line insertion) and 
skin antisepsis with >0.5 % chlorhexidine with 
alcohol for insertion. The use of antimicrobial-
coated catheters is recommended at institu-
tions where implementation of these CDC 
strategies fails to decrease CLABSI rates 
(O’Grady et al.  2011 ). Maki et al. ( 2006 ) deter-
mined that institutions with a baseline CLABSI 
rate of >2 % would benefi t from use of AICs as 
this was the threshold at which AICs would 
decrease overall costs. 

17.4.1    Exit Site Infection 

 An exit site infection is characterized by the pres-
ence of erythema, tenderness, induration or 
drainage within 2 cm of the catheter exit site, 
without signs or symptoms of systemic infection 
(O’Grady et al.  2011 ). Culture of the site should 
be obtained. Though not evidence-based, gener-

ally Gram-positive infections may be treated with 
oral antibiotics, while broad- spectrum parenteral 
antibiotics are indicated for Gram-negative 
organisms and for children with neutropenia 
(Baggott et al.  2002 ). Once the organism is iden-
tifi ed, antibiotic therapy should be tailored to 
sensitivities. An exit site infection due to water-
borne organisms, such as  Pseudomonas  spp., or 
fungus generally requires catheter removal as 
these organisms are notoriously diffi cult to clear. 
Antibiotic ointment alone should not be used at 
the exit site as this signifi cantly increases the risk 
of  Candida  spp. infection and promotes antibi-
otic resistance (Zakrzewska-Bode et al.  1995 ; 
O’Grady et al.  2011 ).  

17.4.2    Tunnel Infection 

 A tunnel infection is defi ned as tenderness, ery-
thema, drainage or site induration >2 cm from 
the catheter exit site along the subcutaneous 
tract in the absence of concomitant CLABSI 
(O’Grady et al.  2011 ). Blood cultures from the 
CVC and skin cultures should be obtained. 
Catheter removal is indicated and parenteral 
antibiotics tailored to sensitivities of the cul-
tured organism are given for 7–10 days (Mermel 
et al.  2009 ). A PICC may be placed to complete 
the  recommended course of antibiotics.  

17.4.3    Pocket Infection 

 A pocket infection involves erythema, tender-
ness and swelling over the site of an implanted 
port with purulent fl uid noted in the subcutane-
ous tissue. Drainage or necrosis of the overlying 
skin may be present (O’Grady et al.  2011 ). 
Drainage should be obtained and cultured. 
Removal of the port is indicated with debride-
ment, if necessary. A course of parenteral antibi-
otics is essential with medication tailored to the 
sensitivity of the infecting organism (O’Grady 
et al.  2002 ). Prior to insertion of another CVC, 
the wound should be healed, the course of anti-
biotics completed and the child should have 
defervesced. Consideration may be given to 
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placement of a PICC should a CVC be needed 
to complete therapy.  

17.4.4    Prevention of Infection 

 A CVC bundle is a set of evidence-based care 
practices implemented to decrease the risk of 
infection due to the presence of a CVC. Components 
include hand hygiene, selection of the optimal 
insertion site, use of maximal barrier technique, 
chlorhexidine skin antisepsis and prompt removal 
of the catheter when it is no longer needed 
(O’Grady et al.  2011 ). Development of institu-
tional guidelines and ongoing staff education are 
essential in decreasing infection rates (O’Grady 
et al.  2011 ). Each institution’s infection control 
department is instrumental in tracking rates of 
CLABSI. Cooperation with the hematology/
oncology service is imperative for ongoing evalu-
ation with changes to institutional practices as 
indicated. A local expert on CVC care and man-
agement and infection control will enhance educa-
tion, monitor adherence to policy, follow rates of 
infection and evaluate the current literature 
(Teichgraber et al.  2011 ). Placement of the institu-
tion’s hand hygiene guidelines in patient care areas 
is a great reminder for practitioners, patients and 
family members. Further discussion of prevention 
of CVC line infection is detailed in Chap.   14    .   

17.5    Occlusions 

 A functioning CVC is a catheter that fl ushes 
easily, infuses without diffi culty and has brisk 
blood return (Baskin et al.  2009 ). Occlusion is 

the most common noninfectious complication 
of CVCs with an occurrence rate of 25 % and 
resulting in delays in the administration of che-
motherapy and supportive care (Stephens et al. 
 1995 ). Rapid assessment is needed to determine 
both the cause of the obstruction and the appro-
priate interventions. Causes of CVC occlusion 
include mechanical complications, drug precip-
itate or lipid residue and thrombosis. Each of 
these problems can result in either partial or 
complete obstruction of the catheter. A partial 
occlusion allows for fl uid infusion but either a 
sluggish or complete inability to withdraw 
blood (ball-valve effect). A complete occlusion 
allows neither fl uid infusion nor blood with-
drawal. An unusual problem may occur with 
implanted ports allowing blood withdrawal but 
not fl uid administration due to a thrombus inside 
the reservoir at the outlet port (a reverse ball-
valve effect). 

17.5.1    Mechanical Occlusion 

 The cause of a mechanical obstruction may be 
as simple as a closed clamp, a kink in the exter-
nal portion of the line or an exit site suture that 
is too tight, all of which are easily corrected 
after careful inspection and manipulation. An 
improperly inserted Huber needle is corrected 
by re-accessing the implanted port. A “pinch-
off” syndrome (Fig.  17.1 ) can occur with cath-
eter compression between the clavicle and fi rst 
rib at a reported 1 % incidence rate. This com-
plication is associated with insertion into the 
subclavian vein via an infraclavicular approach 
(Fazeny-Dorner et al.  2003 ; Baskin et al.  2009 ). 
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  Fig. 17.1    Pinch-off syndrome (with permission from Baskin et al. [ 2009 ])       
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Rolling the shoulder forward or raising the arm 
on the opposite side may allow blood with-
drawal. Over time, compression may lead to 
fracture of the catheter. A chest  radiograph or 
fl uoroscopic examination aids in diagnosis with 
immediate removal indicated if confi rmed. A 
rare but life-threatening complication is frag-
mentation of a distal portion of the catheter with 
migration to the heart or pulmonary artery. 
Symptoms include shoulder and chest pain, pal-
pitations and arrhythmias (Nace and Ingle 
 1993 ). Patients may be asymptomatic except for 
pain with attempted infusion (Dillon and Foglia 
 2006 ). Retrieval of the embolized catheter is 
generally accomplished by interventional radi-
ology or cardiology using loop snares, baskets 
or guide wires (Sagar and Lederer  2004 ).

17.5.2         Drug Precipitate or Lipid 
Residue Occlusion 

 An intraluminal occlusion may result from pre-
cipitation of incompatible medications or lipid 
residue. Review of the patient’s medications and 
parenteral nutrition formula may assist in evalu-
ating the cause of occlusion. Precipitation result-
ing from calcium phosphate crystals or 
medications with a low pH may be cleared with 
0.1 % hydrochloric acid (Baskin et al.  2009 ). 
However, many institutions refrain from this 
practice due to concern of catheter wall damage. 
Precipitations caused by high pH medications 
have been cleared by the use of sodium bicarbon-
ate or sodium hydroxide (Baskin et al.  2009 ).  

17.5.3    Thrombotic Occlusion 

 Fibrin begins forming on the external catheter 
wall within 24 h of insertion, starting at either the 
catheter entrance site into the vessel or where 
infused fl uid comes into contact with the vessel 
wall. Blood cells adhere to the fi brin potentially 
interfering with blood fl ow and promoting bacte-
rial growth. A variety of thrombotic occlusions 
are reported including fi brin sheath, mural throm-
bus and intraluminal thrombus (Fig.  17.2 ). Risk 
factors include prior catheterization of the same 
vessel, diffi culty with insertion, poor tip place-
ment, high catheter to vessel size ratio, subopti-
mal catheter care, underlying malignancy and 
type of chemotherapy (Kuter  2004 ). A fi brin 
sheath develops on the external catheter wall cov-
ering the catheter tip and resulting in withdrawal 
occlusion (Baskin et al.  2009 ). The sheath may 
extend up the entire length of the catheter with 
infused fl uid traveling a path upward between the 
fi brin sheath and the catheter. Extravasation of 
medications and fl uids is possible if the thrombus 
extends up to the site where the catheter enters 
the vessel (Mayo  1998 ). An intraluminal occlu-
sion develops as a result of the buildup of fi brin 
and blood products with development of either a 
partial or complete occlusion. The incidence is 
decreased with strict adherence to institutional 
fl ush guidelines (Baskin et al.  2009 ). A mural 
thrombus forms as fi brin on the vessel wall 
attaches to fi brin covering the catheter. A with-
drawal occlusion develops, but more signifi cantly 
a mural thrombus may lead to venous thrombosis 
(Baskin et al.  2009 ). 

Fibrin
Sheath

Intraluminal
Clot

Mural
Thrombosis

Venous
Thrombosis

  Fig. 17.2    Pictorial representation of central catheter occlusion and thrombosis (with permission from Baskin et al. [ 2009 ])       
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 A suspected CVC-related thrombus may be 
evaluated by a radiographic study such as a dye 
study, computed tomography (CT) or ultrasound 
with Doppler fl ow (Fig.  17.3 ). However, com-
mon initial practice for treatment of a suspected 
thrombotic occlusion is instillation of a thrombo-
lytic, most commonly tissue plasminogen activa-
tor (tPA) (Baskin et al.  2009 ). tPA converts 
plasmi nogen to plasmin resulting in local fi brino-
lysis (Fig.  17.4 ). tPA is simple and safe to use as 
well as being cost-effective. Our local institu-

tional protocol for administration of tPA for 
dwell and infusion is summarized in Table  17.3 .      

17.6     Central Venous Catheter- 
Related Deep Vein 
Thrombosis 

 A catheter-related thrombus (CRT) is generally 
the result of a mural thrombus that has enlarged, 
leading to complete occlusion of the vein. Kuter 

  Fig. 17.3    Assessment of 
catheter occlusion (with 
permission from Baskin et al. 
[ 2009 ]).  DVT  deep venous 
thrombosis,  CT  computed 
tomography,  MRI  magnetic 
resonance imaging,  MRA  
magnetic resonance 
arteriography       
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( 2004 ) reported an incidence of 5–41 % with dif-
ferences related to a wide variety of catheter 
types, tip position, duration of insertion and 
underlying disease. Male et al. ( 2002 ) found a 
thrombosis rate of 29 % in a study of 66 children 
with ALL and a tunneled CVC. Clinical signs of 
a CRT include jaw, neck, chest, or shoulder pain, 
warmth, swelling, or development of visible col-
lateral circulation. The majority of CRTs (up to 
71 %) are asymptomatic, being diagnosed by 
imaging obtained to determine the cause of 
obstruction or with the occurrence of a pulmo-
nary embolism (Kuter  2004 ). 

17.6.1     Evaluation of Catheter- 
Related Thrombosis 

 Although the reference standard for the diagnosis 
of a CRT is contrast venography, compression 
ultrasound (CUS) with Doppler and color imag-
ing is frequently used as CUS is noninvasive and 
does not require contrast medium (Rooden et al. 
 2005 ). In the patient with a negative CUS but a 
high clinical suspicion of a CRT, contrast 
venography is indicated (Rooden et al.  2005 ). 
Evaluation of the etiology of the CRT (in addi-
tion to the presence of a CVC) may guide treat-
ment and prevention. A detailed family history of 
thrombosis will assist in determining the need for 
an evaluation for thrombophilia (see Chap.   8     for 
more detail). Other risk factors to consider are 
immobility, dehydration and administration of 
medications with thrombotic risk, particularly 
steroids and asparaginase (Table  17.4 ).

17.6.2        Treatment of Catheter- Related 
Thrombosis 

 Treatment of CRT is discussed in detail in Chap. 
  8     and is based on the 2012 American College of 
Chest Physicians (ACCP) guidelines with the fol-
lowing principles (Monagle et al.  2012 ):
•    Anticoagulation therapy for 3 months 

 following a fi rst CRT.  
•   Continued anticoagulation with prophylactic 

dosing until removal of the CVC.  
•   For recurrent thrombosis during prophylaxis, 

increase to therapeutic dosing until line 
removal (but for a minimum of 3 months).  

•   A CVC that is no longer functional or required 
should be removed; a minimum of 3–5 days of 
anticoagulation at therapeutic dosing should 
be given prior to removal.    
 If a replacement CVC is medically indicated, 

consideration should be given to prophylactic 
anticoagulation to prevent recurrence of a throm-
bus. Low-molecular-weight heparin (LMWH) is 
an excellent anticoagulant for use in pediatrics 
due to predictable dosing (based on weight), lim-
ited need for blood level monitoring and short 
half-life. The updated 2012 ACCP guidelines 
recommend no routine monitoring of LMWH 
levels (Monagle et al.  2012 ). However, infants 
who are gaining weight and children with renal 
insuffi ciency do require monitoring to ensure 
appropriate levels. LMWH levels should be 
drawn 4 h after a dose (peak level) with a thera-
peutic target of 0.5–1 unit/mL. At least two to 
three doses should be given to reach steady state 
prior to obtaining a peak level.  

  Fig. 17.4    Mechanism of action for tissue plasminogen activator (tPA) (with permission from Baskin et al. [ 2009 ])       

Catheter

Blood Vessel

Alte-
plase

Plasminogen Plasmin

Thrombus

Fibrin

Fibrin Degradation Products

 

17 Central Venous Catheters: Care and Complications

http://dx.doi.org/10.1007/978-3-662-44317-0_8
http://dx.doi.org/10.1007/978-3-662-44317-0_8


294

   Table 17.4    Proposed risk factors for central venous catheter (CVC)-related thrombotic occlusions   

 Change in normal blood fl ow  Vascular endothelial damage  Hypercoagulable state 
 Immobility  Traumatic insertion  Malignancy 
 Large catheter to vessel ratio  Multiple insertion attempts  Sepsis 
 Dehydration  Catheter tip malposition  Chemotherapy 
 Compression of vessel by tumor  CVC placement time >14 days  Thrombophilia 
 Left-sided insertion 

    Table 17.3    tPA dwell administration guidelines   

  General instructions  
 •  Reconstitute tPA with 2.2 mL sterile water for injection (not bacteriostatic water) yielding a concentration of 1 mg/mL 
 •  A 10 mL syringe is used for all dose administrations 
 •  Instill one dose into each lumen of the catheter and allow to dwell for 30–120 min (optimal effi cacy is achieved 

with a 120 min uninterrupted dwell time) 
 •  A second dose is indicated if unable to obtain a brisk blood return after the initial treatment and dwell time 
  Broviac catheters  
 •  Children <10 kg: dilute 0.5 mL tPA with 0.5 mL 0.9 % NaCl; instill 1 mL (0.5 mg) for each lumen 
 •  Children ≥10 to <30 kg: 1 mL (1 mg) tPA for each lumen 
 •  Children ≥30 kg: 2 mg (2 mL) tPA for each lumen 
  Implanted ports  
 •  Children <10 kg: draw up 2.5 mL of 0.9 % NaCl into a 10 mL syringe and mix with 0.5 mL (0.5 mg) reconstituted 

tPA; total volume is 3 mL (0.5 mg) tPA 
 •  Children ≥10 kg: draw up 1 mL 0.9 % NaCl into a 10 mL syringe and mix with 2 mL (2 mg) reconstituted tPA; 

total volume is 3 mL (2 mg) tPA 
  Completely occluded CVC  
 •  Remove cap, cleanse hub per institutional policy and attach a 3-way stopcock to the catheter 
 •  Attach tPA syringe to one of the stopcock ports 
 •  Attach a 10 mL syringe to the remaining port 
 •  Turn the stopcock off to the tPA syringe 
 •  Gently pull back the plunger of the 10 mL syringe to the 3–5 mL mark and clamp the catheter to maintain negative 

pressure 
 •  Turn the stopcock off to the 10 mL syringe 
 •  Unclamp the catheter and allow tPA to be drawn into the line 
 •  Clamp catheter, remove stopcock, apply positive pressure cap and allow tPA to dwell for 120 min 
 •  May repeat a second dose of alteplase if needed 
  tPA (alteplase) infusion  
 If the CVC occlusion is not cleared after a second tPA dwell, a tPA infusion (6–24 h) may be indicated based on 
radiographic fi ndings 
 Alteplase 0.03–0.06 mg/kg/h for 6–24 h 
 •  Initial infusion 0.03 mg/kg/h for 6 h; if no clinical improvement (working line) may sequentially increase dose to 

0.06 mg/kg/h (max 2 mg/h) 
 •  Do not exceed 48–72 h of infusion 
 •  Monitor patient for signs of sepsis as bacteria may be released into the bloodstream with dissolution of the thrombus 
 •   Monitor labs including: PT, aPTT, fi brinogen, plasminogen, D-dimers, platelets; replete plasminogen with FFP for 

concentrations <50 % 
 •  Repeat radiographic study to assess for improvement in dissolution of thrombus every 24 h 
 •  Remove the catheter if the thrombus is not cleared after 48–72 h of tPA infusion (based on radiographic fi ndings 

and functional improvement) 

    tPA  tissue plasminogen activator,  PT  prothrombin time,  aPTT  activated partial thromboplastin time,  FFP  fresh frozen 
plasma  
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17.6.3     Special Considerations During 
Anticoagulation Therapy 

•     LMWH should be held for 24 h prior to and 
12 h after a lumbar puncture.

• LMWH should be held for 24 h prior to and 
24 h after a minor surgical procedure.  

•   LMWH should be held during periods of 
thrombocytopenia (i.e., platelets <50×10 9 /L).     

17.6.4     Contraindications 
of Anticoagulant Therapy 

•     Intracranial hemorrhage  
•   Ongoing hemorrhage  
•   Uncorrected coagulopathy  
•   Hypersensitivity to heparin or pork products  
•   Poor renal function (i.e., creatinine clearance 

< 30 mL/min)      

17.7    Catheter Maintenance 

 Catheter maintenance refers to all activities 
 undertaken to keep the line functioning properly 
while decreasing the risk of infection. CVC inser-
tion bundles have dramatically reduced infectious 
complications related to surgical placement. 
Development of a maintenance bundle with institu-
tional policies on hand hygiene, site cleansing, 
dressings, line fl ushing, hub care and line stabiliza-
tion enhance catheter longevity and decrease mor-
bidity (O’Grady et al.  2011 ).   Hand hygiene, an 
inexpensive and easily implemented strategy, is the 
most effective measure in decreasing healthcare-
associated infections (see Chap.   14    ) (Kline  2005 ). 

17.7.1    Skin Antisepsis 

 Chlorhexidine has been shown to be a superior 
cleansing agent prior to CVC placement and for 
skin antisepsis with routine dressing changes. 
Chaiyakunapruk et al. ( 2002 ) reviewed 8 ran-
domized controlled trials, totaling 4,143 cathe-
ters, comparing effi cacy of chlorhexidine 

gluconate with povidone-iodine for skin disinfec-
tion. Results revealed a signifi cant reduction in 
bloodstream infection with chlorhexidine.  

17.7.2     Central Venous Catheter 
Dressings 

 CVC dressings serve a dual purpose: prevention 
of infection and stabilization of the line to 
decrease accidental removal. Semipermeable 
transparent and sterile gauze with tape are the 
two most commonly used types of dressings. 
The transparent dressing allows for evaporation 
of moisture and direct visualization of the site. 
Dressing changes are required every 5–7 days or 
more frequently as needed if the dressing 
becomes loose, wet, or soiled, which may 
decrease skin irritation and breakdown. A sterile 
gauze and tape dressing is recommended when 
there is bleeding or drainage at the site and for 
patients who are diaphoretic, requiring changes 
every 1–2 days. The literature has shown no dif-
ference in CLABSI rates between semiperme-
able transparent and sterile gauze and tape 
dressings (Mermel  2000 ; Gillies et al.  2003 ; 
O’Grady et al.  2011 ). The choice of dressing 
may be left to institutional guidelines or patient 
preference. Chlorhexidine has been shown to be 
the superior choice for skin antisepsis prior to 
CVC insertion (O’Grady et al.  2011 ). In the past 
decade several studies were undertaken to 
determine the effectiveness of a chlorhexidine-
impregnated dressing (BIOPATCH, Johnson & 
Johnson, Somerville, NJ) in reducing rates of 
CLABSI. Findings revealed that although colo-
nization was decreased there was no difference 
in the rate of CLABSI between semipermeable 
transparent dressings and BIOPATCH (Levy 
et al.  2005 ; Hatler et al.  2009 ).  

17.7.3    Hub Care 

 Needleless connectors were introduced 20 years 
ago in an effort to decrease the incidence of 
needlestick injuries among healthcare workers. 
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Since then, emphasis has been placed on devel-
oping connectors that lessen the risk of 
CLABSI. Currently, several types of connectors 
are available, each with unique recommenda-
tions for fl ushing, locking and clamping the 
catheter. Strategies to decrease occlusion and 
CLABSI related to the use of needleless connec-
tors include use of a single product within the 
institution, education on proper use including 
disinfection prior to access, and adherence to 
institutional policy for fl ushing and clamping. 

 Catheter hub colonization and contamination 
is a signifi cant cause of CLABSI (Sannoh et al. 
 2010 ). In an observational study by Soothill et al. 
( 2009 ), a change in catheter hub cleansing agent 
to 2 % chlorhexidine in 70 % isopropyl alcohol 
 signifi cantly decreased the rate of bloodstream 
infections in pediatric patients undergoing 
 hematopoietic stem cell transplant. CDC guide-
lines recommend scrubbing the hub with friction 
for 15 s using 70 % isopropyl alcohol or 
2 % chlorhexidine in 70 % isopropyl alcohol 
(O’Grady et al.  2011 ).  

17.7.4     Central Venous Catheter 
Flushing and Locking 

 CVC fl ushing with normal saline is instrumental 
in assessing catheter patency and clearing the 
catheter after medication administration (prevent-
ing precipitation from incompatible drugs), blood 
sampling and blood transfusions. Locking a cath-
eter, typically with heparinized saline,  prevents 
refl ux of blood into the catheter. However, wide 
variation exits in the frequency, concentration and 
volume of heparin utilized, with the majority of 
data from adult patients (Stephens et al.  1997 ; 
Hadaway  2006 ; Cesaro et al.  2009 ). Following 
institutional guidelines with ongoing assessment 
of effi cacy and intermittent review of the litera-
ture will aid in decisions to change clinical prac-
tice. Examples of guidelines are in Tables  17.5  
and  17.6 .

    Healthcare providers need to be cognizant of 
rare but potentially signifi cant complications 
related to heparin locking solutions, specifi cally 
heparin-induced thrombocytopenia, heparin- 

induced thrombosis and bleeding. The cost and 
risk of replacing an occluded catheter outweigh 
the potential risks of heparin locks. A safe prac-
tice is strict adherence to institutional policy, 
awareness of potential complications and devel-
opment of local expert resources.  

17.7.5     New Strategies to Prevent 
Central Line-Associated Blood 
Stream Infection (CLABSI) 

17.7.5.1    Chlorhexidine Bathing 
 Chlorhexidine has been shown to be effective in 
decreasing cutaneous colonization and is the rec-
ommended skin antiseptic prior to CVC insertion 
(O’Grady et al.  2002 ). Researchers are now 
investigating the effect of daily chlorhexidine 
bathing of pediatric oncology patients. Initial 
studies have demonstrated a signifi cant decrease 
in CLABSI rates (Munoz-Price et al.  2009 ; 
Popovich et al.  2009 ; Montecalvo et al.  2012 ). A 
meta-analysis by O’Horo et al. ( 2012 ) concluded 
that the CLABSI rate is decreased in medical 
intensive care units with daily chlorhexidine 
bathing, whether 2 % chlorhexidine-impregnated 
cloths (Sage® products) or a 1:2 dilution of 4 % 
chlorhexidine was used. A current two-armed, 
randomized, double-blind study through the 
Children’s Oncology Group is assessing the effi -
cacy of 2 % chlorhexidine gluconate bathing in 
prevention of CLABSI in children with cancer 
and in those undergoing hematopoietic stem cell 
transplantation.  

  Table 17.5    Heparin lock guidelines   

 Device  Heparin strength, volume and frequency 

 PICC  2 F: 1 mL heparinized saline (10 U/mL) 
every 6 h 
 2.6 F and larger: 2–3 mL heparinized saline 
(10 U/mL) every 12 h 

 Tunneled 
catheter 

 2 mL heparinized saline (10 U/mL) 
every 24 h 

 Implanted 
port 

 If locked >1 time daily: 5 mL heparinized 
saline (10 U/mL) 
 Daily to monthly fl ush: 5 mL heparinized 
saline (100 U/mL) 

   PICC  peripherally inserted central catheter,  F  French  
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  Table 17.6    Example of central venous catheter (CVC) maintenance bundle   

  Care practice    Bundle recommendations  
 Hand hygiene  Hand hygiene performed before and after CVC insertion, care, and catheter entry or 

after contact with any inanimate object; use clean gloves for all CVC access as 
needed; glove use does not preclude use of hand hygiene 

 Surface disinfection  Clean work surfaces with germicidal wipe prior to CVC care 
 Use of maintenance 
kits/CVC cart 

 Procedure kits/carts containing supplies help to ensure all required supplies are 
available at the time of the procedure, including those required for insertion, dressing 
change and CVC removal 

  Insertion    Bundle recommendations  
 Hand hygiene  Hand hygiene is followed by waterless surgical scrub application 
 Maximal sterile barrier 
precautions 

 Patient is covered from head to toe with sterile drapes; mask, cap, sterile gown and 
sterile gloves during insertion procedure; all staff (including the assistant and family 
members) to wear regular face mask and cap when within 3 ft of sterile fi eld 

 Skin antisepsis  Skin disinfected with chlorhexidine gluconate; apply back and forth friction scrub 
for 30 s and allow to dry completely for 30 s (2 min scrub for wet sites, such as the 
groin); site must be dry before skin puncture 

 Universal protocol utilized  Staff observers are skilled in monitoring elements of sterile technique; staff 
empowered to stop non-emergent procedure if sterile technique not followed 

  Assessment    Bundle recommendations  
 Ongoing assessment of 
catheter site 

 Inspect catheter site for cleanliness and dressing integrity; assess CVC site for 
complications hourly when infusing solutions and every 4 h when locked 

 Daily assessment of need for 
CVC 

 Discuss ongoing need for CVCs daily with medical team during rounds; assess 
patient for appropriateness of their vascular access device based on infusates/length 
of therapy and available vessels; promptly remove unnecessary CVCs 

  Catheter site care/management    Bundle recommendations  
 Skin antisepsis  Use clean gloves for all CVC access; maintain clean disposable towel or 4 × 4 gauze 

under CVC access port before accessing; skin disinfected with chlorhexidine 
gluconate; apply back and forth friction scrub for 30 s and allow to dry for 30 s 
(2 min scrub for wet sites, such as the groin) 

 CVC dressing assessment and 
change 

 Routine dressing changes performed by clinicians with demonstrated competency; 
use of catheter securement device with PICC dressing changes; mask and sterile 
gloves for dressing changes; dressing change frequency: transparent dressing, every 
7 days and as needed for soiled dressing or loss of integrity; gauze and non-
occlusive dressing, every 48 h and as needed 

 Antisepsis of needleless 
connectors, IV junctions and 
catheter hub 

 Vigorously scrub needleless connectors, IV junctions and hub (diaphragm and 
sides) prior to accessing with an alcohol swab using friction for a minimum of 15 s 

  CRBSI criteria    Bundle recommendations  
 Blood culture sampling  Consider DTP protocol when drawing blood cultures with signifi cant time 

differential of CVC culture versus peripheral culture positivity of >2 h; generally 
peripheral blood cultures are not drawn on oncology patients who have central lines 
(see Chap.   1    ) 

  Administrative    Bundle recommendations  
 Education  Education of clinicians responsible for managing CVCs to include: care and 

maintenance strategies, identifi cation and management of complications 
 Routine surveillance of CVCs  Collect and benchmark outcome data with the National Healthcare Safety Network 

   PICC  peripherally inserted central catheter,  IV  intravenous,  CRBSI  catheter-related bloodstream infection, 
 DTP  differential time to positivity 
 Adapted from Mermel ( 2000 ), Marschall et al. ( 2008 ), Horan et al. ( 2011 )  
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17.7.5.2    Antiseptic Needleless 
Connectors and Antiseptic 
Port Barrier Caps 

 Contamination of the CVC hub is the main 
source of CLABSI 10 days after insertion. 
Novel products are now available to decrease 
the incidence of this complication. Three such 
devices are currently marketed.  V-link with 
VitaShield  protective coating (Baxter) is a 
needleless connector with an antimicrobial 
coating (silver) on the interior and exterior sur-
face.  Curos®  port protector is a barrier cap with 
a sponge saturated with 70 % isopropyl alcohol 
(IPA). Disinfection occurs 3 min after being 
threaded onto the connector. The cap may be 
left in place up to 7 days protecting the connec-
tor from airborne and contact contamination. 
Caps should be placed on all needleless injec-
tion sites and changed after each access. 
 Saralex-CL  (Menyhay) is an antimicrobial bar-
rier cap that threads onto the needless connector 
bathing the connector in 2 % chlorhexidine glu-
conate in 70 % IPA. Disinfection occurs in 
5 min and may be left in place up to 96 h. The 
cap protects the connector from airborne and 
contact contamination. A new cap is applied 
after each access. 

 A prospective simulation study by Menyhay 
and Maki ( 2006 ) evaluated the effi cacy of cleans-
ing a CVC hub with 70 % alcohol compared to 
the use of a Saralex barrier cap. One hundred 
fi ve needleless connectors from three manufac-
turers were tested. The septum of each device 
was contaminated with  Enterococcus faecalis  
and allowed to dry for 24 h. A control group of 
15 connectors were not disinfected, 30 were 
cleansed with a 70 % alcohol swab and 60 had a 
Saralex barrier cap applied and removed after 
10 min. Nutrient broth was injected through each 
connector, collected and cultured. Cultures from 
all control connectors were positive. Twenty 
connectors (67 %) with conventional disinfec-
tion with 70 % alcohol were culture positive, 
whereas only 1 (1.6 %) of the connectors disin-
fected with use of the Saralex cap was culture 
positive. Further study through randomized trials 
is needed to determine if practice changes are 
indicated.

17.8         Summary 

 CVCs are a central component in the care of 
pediatric oncology patients and allow for safe 
and effective administration of chemotherapeutic 
agents in addition to antibiotics, blood products, 
parenteral nutrition and multiple additional medi-
cations. Blood can be easily drawn from exter-
nally tunneled CVCs and in accessed implanted 
ports. Infection and thrombosis are the most 
common risk factors with CVC placement, and 
practitioners must be aware of the clinical signs 
and symptoms associated with these complica-
tions, methods to prevent these side effects, and 
treatment of these problems. Generally, practice 
and management are based on consensus guide-
lines and expert opinion as robust evidence is 
lacking, especially in pediatric patients.     
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    Abstract  

  Through the process of researching, writing and editing this book, many 
knowledge gaps within supportive care for pediatric oncology patients are 
quite evident, leading to a multitude of possible avenues for research in the 
supportive care fi eld. Although the majority of research dollars go toward 
projects whose goal is to improve patient survival through treatment of the 
underlying malignancy, improvement in supportive care practices has 
been a vital aspect of the survival gains made to date. Continued assess-
ment and advancement in this fi eld will continue to yield results in 
improvement in patient quality of life and potentially treatment-related 
morbidity and mortality. Here we outline some of the areas that necessitate 
further work.  
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     Through the process of researching, writing and 
editing this book, many knowledge gaps within 
supportive care for pediatric oncology patients 
are quite evident, leading to a multitude of pos-
sible avenues for research in the supportive care 
fi eld. Although the majority of research dollars 
go toward projects whose goal is to improve 
patient survival through treatment of the underly-
ing malignancy, improvement in supportive care 
practices has been a vital aspect of the survival 
gains made to date. Continued assessment and 

advancement in this fi eld will continue to yield 
results in improvement in patient quality of life 
and potentially treatment-related morbidity and 
mortality. Here we outline some of the areas that 
necessitate further work. 

 As a general practice, pediatric oncology 
patients with febrile neutropenia continue to be 
monitored in the inpatient setting. Although 
multiple groups have devised risk stratifi cation 
models, none of these have been validated across 
populations—further research is required to vali-
date one risk stratifi cation model. As a corollary 
to this question is the development of standard 
criteria for outpatient management of febrile 
 neutropenia as well as early discharge criteria for 
low-risk patients. Although many institutions 
have developed local protocols to defi ne low-risk 
populations that can be managed as outpatients 
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after an initial inpatient stay, work remains to 
determine more universal criteria that can be 
used across institutions which will both improve 
patient and family quality of life as well as 
decrease healthcare costs. Duration of antimicro-
bial therapy both in patients with febrile neutro-
penia without a source as well as in those with a 
proven infection in the face of continued neutro-
penia is undefi ned. Many practitioners will con-
tinue antibiotics until count recovery even if the 
patient has no known source of infection and has 
defervesced. It is unclear if this is necessary and 
potentially can lead to side effects such as 
antibiotic- associated diarrhea and development 
of  C. diffi cile  as well as development of resistant 
bacterial strains. Similarly, for the patient with a 
known source who has cleared the infection with 
negative cultures and a suffi cient time on antibi-
otics, it is unclear whether antibiotics can be dis-
continued or should be continued through some 
period of count recovery. 

 Prevention of infection continues to have 
many questions. The role of bacterial prophy-
laxis is still unclear and is generally not utilized 
although may be benefi cial in high-risk popula-
tions; this question is currently being researched 
by the Children’s Oncology Group in a study of 
levofl oxacin prophylaxis in high-risk patients. 
Similarly, it remains unclear if central venous 
catheter lock therapy, either with ethanol or anti-
biotics, has universal benefi t in the prevention of 
infection in pediatric oncology patients. 
Although lock therapy is not standard at our 
institution, it likely is used in other institutional 
protocols; whether such a protocol should be 
universal is unanswered. The benefi t of chlorhex-
idine bathing as a method to prevent central 
venous catheter infection is also currently being 
studied by the Children’s Oncology Group. The 
management of fungal prophylaxis also remains 
an area with many unanswered questions. 
Additional biomarkers of invasive fungal infec-
tion such as polymerase chain reaction (PCR) 
and (1,3)-β-D glucan require further testing and 
validation in the pediatric oncology population. 
Similarly, underlying genetic markers which 
may impact the development of invasive fungal 
infection are unknown. The utility of empiric 

antifungal therapy in febrile neutropenia beyond 
patients with acute myelogenous leukemia and 
those undergoing hematopoietic stem cell trans-
plantation remains undefi ned as to which addi-
tional pediatric oncology cohorts may benefi t; in 
addition, appropriate choice of antifungal as 
well as dose required (prophylactic versus treat-
ment dosing) remains unclear. Additional ques-
tions include the optimal fl uconazole prophylaxis 
dose and when anti- mold coverage is important 
as prophylaxis. Finally, pediatric data are lack-
ing in regard to a preemptive or prophylactic 
approach with viral infection. 

 Although utilization of packed red blood cells 
and platelets for anemia and thrombocytopenia is 
generally standard for pediatric oncology patients, 
little research has investigated the iron burden 
associated with frequent red blood cell transfu-
sion in high-risk patients such as those with acute 
myelogenous leukemia, relapsed leukemia, or 
high-risk acute lymphoblastic leukemia and those 
patients undergoing hematopoietic stem cell 
transplantation. How this transfusional iron bur-
den impacts the development of late effects such 
as notably long-term left ventricular dysfunction 
with concomitant anthracyclines and potentially 
metabolic syndrome with liver and pancreatic 
iron burden is unstudied. Similarly, appropriate 
hemoglobin thresholds for anesthesia and hemo-
globin and platelet thresholds for different types 
of surgical procedures are unknown in pediatric 
oncology patients. The current thresholds utilized 
may lead to increased transfusions than what is 
safely necessary, posing both short- and long-
term risks. Secondarily, utilization of higher red 
blood cell thresholds as a radiosensitizer is often 
utilized and advocated by radiation oncologists, 
although data describing the utility of this 
approach in impacting response and survival are 
unknown; again, patients may be unnecessarily 
receiving additional blood products with the per-
ception that such a strategy is low-risk when in 
fact such a mentality may be increasing long-term 
risks for survivors. Pediatric oncology patients 
receive frequent red blood cell transfusion over 
the historic standard of 4 hours, although more 
rapid rate of transfusion in the patient with normal 
underlying cardiopulmonary status would likely 

A.K. Agrawal et al.



303

be safe, decrease time in the hospital and infusion 
centers, and improve quality of life parameters 
but has not been investigated. Finally, utility of 
granulocyte transfusion in patients that are 
severely ill with profound neutropenia requires 
further evidence to determine whether this is a 
useful and cost-effective strategy. 

 As with many supportive care practices, utili-
zation of newer, more expensive therapies often 
becomes the “standard” without proper, system-
atic study. Recommendations for rasburicase are 
a prime example of such a practice, and further 
evidence is required to determine the appropriate 
dose and proper utilization of this expensive 
agent as the majority of patients can be managed 
safely and effectively without rasburicase. One 
argument for the use of rasburicase is the effect 
of xanthine precursors on the development of 
acute kidney injury in patients with hyperurice-
mia on allopurinol. This theory remains unproven 
and is not a satisfactory reason to use rasburicase 
at this time without further study. Finally, settings 
exist where urine alkalinization may still be valu-
able, such as in the patient with hyperuricemia 
but without hyperphosphatemia or evidence of 
need for rasburicase. What the appropriate 
parameters are for the use of alkalinization with 
the availability of rasburicase is also unknown. 

 Multiple new pharmacologic agents are being 
tested and utilized in adult oncology patients but 
are as yet to make it downstream to pediatric 
oncology patients. These agents all require fur-
ther pediatric study to determine their potential 
benefi t and cost-effectiveness. For example, 
newer 5-HT 3  receptor antagonists such as palo-
nosetron may be more effective both from a ther-
apeutic and cost standpoint in pediatric cancer 
patients due to frequency of dosing required (i.e., 
one versus multiple doses), but further evidence 
is required on appropriate dosing and effi cacy. 
Palonosetron has shown benefi t in delayed 
chemotherapy- induced nausea and vomiting and 
likely with be useful in the pediatric population. 
Neurokinin-1 (NK 1 ) receptor antagonists (aprepi-
tant; substance P antagonists) have been shown 
to be benefi cial in chemotherapy-induced nausea 
and vomiting in adult oncology patients, and 
aprepitant has begun being utilized in pediatric 

patients although further study is required to 
determine the appropriate weight-based dosing 
as well as to delineate whether the drug is effec-
tive from a therapeutic and cost standpoint in this 
cohort. Interaction between aprepitant and che-
motherapy remains a concern and requires more 
investigation before routine use of this new anti-
emetic. Palifermin, a keratinocyte growth factor, 
has potential benefi t in the prevention and treat-
ment of severe oral mucositis in high-risk pediat-
ric oncologic and transplant populations; further 
evidence is required as to which pediatric popula-
tions may benefi t from this expensive medica-
tion. Many institutions are still utilizing fi lgrastim 
as opposed to pegfi lgrastim with potential decre-
ment in quality of life with the necessity of daily 
subcutaneous doses as compared to one single 
dose of pegfi lgrastim. The therapeutic and cost- 
effi cacy of pegfi lgrastim in pediatric oncology 
patients needs further study although this agent 
could likely be used more universally in our pop-
ulation. Oral anti-Xa inhibitors (e.g., rivaroxa-
ban) are being utilized in adult patients for 
treatment and prophylaxis of thrombosis; early- 
phase studies are being conducted in pediatric 
patients with thrombosis and can likely be gener-
alized to the pediatric oncology cohort with 
 benefi t in quality of life with an oral as compared 
to subcutaneous (i.e., low-molecular-weight 
 heparin) medication. With the advent of oral anti-
Xa inhibitors, it will become more crucial to 
 delineate pediatric oncology risk factors for 
development of venous thromboembolism and 
secondarily determine a population that would 
benefi t from anticoagulation prophylaxis as is 
utilized in the adult setting. Finally, subcutaneous 
methylnaltrexone has shown benefi t in opioid-
induced constipation without reduction in pain 
control and should be further studied in the pedi-
atric oncology population, especially those 
receiving palliative therapy. 

 Many other supportive care interventions have 
shown promise in the adult literature but require 
more rigorous study in the pediatric oncology 
cohort. Low-level laser therapy in the prevention 
and treatment of oral mucositis, especially in the 
transplant population, has been shown benefi cial 
in adult patients but needs more systematic study 
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in the pediatric population. Glutamine, previ-
ously studied by the Children’s Oncology Group, 
may have benefi t in the prevention and treatment 
of oral mucositis but more evidence is required. 
Similarly, utilization of multiple complementary 
and alternative therapies for pain management as 
well as prevention and treatment of mucositis and 
chemotherapy-induced nausea and vomiting 
require further study. Finally, systematic review 
of medications for appetite stimulation, espe-
cially cannabinoids, is necessary to make 
evidence- based recommendations. 

 Genetic risk factors that may impact treatment 
and side effects of cancer therapy are generally 
unknown in oncology patients but are likely to 
signifi cantly affect our approach to cancer ther-
apy in the future. Currently it has been shown 
that over- and undernutrition impacts both thera-
peutic effi cacy and development of side effects. 
Whether there are underlying genetic factors 
which regulate this effect is unknown; appropri-
ate dosing in these populations also needs to be 
further delineated. Similarly, genetic factors 
which may modulate the development of invasive 
fungal infection, chemotherapy-induced nausea 
and vomiting, pain, mucositis, and acute radia-
tion side effects are undefi ned. The effect of such 
genetic factors on the development of long-term 
complications of cancer therapy such as left ven-
tricular dysfunction is also unknown but likely 
signifi cant. 

 Other areas for consideration include the 
appropriate utilization of blood draws and imag-
ing, both during and after the completion of 
therapy. Currently blood draws are done with 
frequency even after the completion of leukemia 
therapy; whether this is necessary and cost- 
effective is unknown. Similarly, imaging is done 
quite frequently during and after completion of 
therapy for solid tumors. Evidence is mounting 

that frequency of computed tomography (CT) 
should be curtailed both due to the long-term 
risks of radiation and the ability to diagnosis 
occult relapse. Magnetic resonance imaging 
(MRI) can likely replace CT for acute abdomi-
nal pathology as well as for surveillance, 
although again, the necessity of frequent scan-
ning as surveillance after therapy completion is 
in question. 

 Finally, appropriate supportive care in unique 
populations, specifi cally those with Down syn-
drome and adolescent and young adult (AYA) 
patients, is yet to be defi ned but has special fea-
tures which must be considered such as increased 
toxicity in both patient cohorts. Though not spe-
cifi cally discussed in this book, evidence-based 
guidelines for long-term follow-up are lacking 
and will become increasingly important as more 
survivors reach adulthood and need to be transi-
tioned to competent adult care. Important compo-
nents such as nutritional and cardiac health must 
be addressed so that practitioners can make effec-
tive interventions that impact longer-term health. 

 Paralleling gains in overall survival, supportive 
care in pediatric oncology has made great strides 
in the last 50 years and has been a vital compo-
nent in the effective treatment of these patients. 
Lower resource settings which are developing 
pediatric oncology programs must be cognizant 
of the importance of building a supportive care 
infrastructure concomitant with the develop-
ment of pediatric treatment protocols and 
 chemotherapy drug pipelines. Without these 
elements in concert, treatment of these patients 
will not be effective. As shown here, a multitude 
of areas of research remain to optimize the sup-
portive care of pediatric oncology patients 
which, at the minimum, will improve quality of 
life and may ultimately impact morbidity and 
mortality.     

A.K. Agrawal et al.


	Preface
	Contents
	1: Febrile Neutropenia
	1.1	 Introduction
	1.2	 History and Physical Examination
	1.3	 Defining the Risk for Serious Infection
	1.4	 Diagnostic Evaluation
	1.4.1	 Initial Laboratory Evaluation
	1.4.2	 Radiographic Imaging
	1.4.2.1	 Chest Radiography (CXR)
	1.4.2.2	 Computed Tomography (CT)
	1.4.2.3	 Magnetic Resonance Imaging (MRI)
	1.4.2.4	 Positron Emission Tomography (PET)

	1.4.3	 Biomarkers for Invasive Fungal Infection (IFI)
	1.4.3.1	 Aspergillus Galactomannan (GMN)
	1.4.3.2	 (1,3)-β-d-glucan (BDG)
	1.4.3.3	 Polymerase Chain Reaction (PCR)

	1.4.4	 Viral Studies
	1.4.5	 Invasive Procedures: Bronchoalveolar Lavage (BAL) and Tissue Biopsy

	1.5	 Empiric Management of Febrile Neutropenia (FN)
	1.5.1	 Adult FN Guidelines for Empiric Therapy: Do They Apply to Children?
	1.5.2	 Choice of Empiric Antimicrobial Therapy
	1.5.2.1	 Monotherapy Versus Combination Therapy
	1.5.2.2	 Which Monotherapy to Choose
	1.5.2.3	 Alterations in Initial Empiric FN Antibiotic Management
	1.5.2.4	 Outpatient Management of FN
	1.5.2.5	 Choice of Empiric Antifungal Therapy

	1.5.3	 Duration of Antimicrobial Therapy: Empiric Versus Therapeutic Intent
	1.5.4	 Endovascular Sources of Infection: Catheter Removal
	1.5.5	 Adjunctive Treatment Modalities
	1.5.6	 Emergence of Resistant Pathogens: Dwindling Antimicrobial Options and Focus on Prevention

	1.6	 Summary: Building Institutional FN Guidelines
	References

	2: Transfusion Support
	2.1	 Introduction
	2.2	 Anemia
	2.2.1	 Red Blood Cell Transfusion Guidelines
	2.2.2	 Red Blood Cell Administration

	2.3	 Thrombocytopenia
	2.3.1	 Platelet Transfusion Guidelines
	2.3.2	 Platelet Administration

	2.4	 Granulocyte Transfusion
	2.5	 Risks of Blood Product Therapy and Their Management
	2.5.1	 Hemolytic Transfusion Reactions
	2.5.2	 Infection and Sepsis
	2.5.3	 Allergic Reactions/Anaphylaxis
	2.5.4	 Febrile Nonhemolytic Transfusion Reactions
	2.5.5	 Transfusion-Related Acute Lung Injury
	2.5.6	 Transfusion-Associated Circulatory Overload
	2.5.7	 Transfusion-Associated Graft-Versus-Host Disease
	2.5.8	 Iron Overload

	2.6	 Summary
	References

	3: Tumor Lysis Syndrome
	3.1	 Introduction
	3.2	 Laboratory Risk Factors for Tumor Lysis
	3.3	 General Management Guidelines
	3.4	 Pathophysiology, Presentation and Management of Specific Metabolic Derangements
	3.4.1	 Hyperuricemia
	3.4.1.1	 Alkalinization
	3.4.1.2	 Allopurinol
	3.4.1.3	 Rasburicase

	3.4.2	 Hyperkalemia
	3.4.3	 Hyperphosphatemia
	3.4.4	 Hypocalcemia

	3.5	 Renal Interventions
	3.6	 Summary
	References

	4: Cardiopulmonary Emergencies
	4.1	 Introduction
	4.2	 Superior Vena Cava and Superior Mediastinal Syndromes
	4.2.1	 Pathophysiology
	4.2.2	 Clinical Presentation and Diagnosis
	4.2.2.1	 History and Physical Exam
	4.2.2.2	 Imaging Studies
	4.2.2.3	 Other Studies

	4.2.3	 Treatment

	4.3	 Pericardial Effusion and Cardiac Tamponade
	4.3.1	 Pathophysiology
	4.3.2	 Clinical Presentation and Diagnosis
	4.3.2.1	 History and Physical Exam
	4.3.2.2	 Imaging and Other Studies

	4.3.3	 Treatment

	4.4	 Pleural Effusion
	4.4.1	 Pathophysiology
	4.4.2	 Clinical Presentation and Diagnosis
	4.4.2.1	 History and Physical Exam
	4.4.2.2	 Imaging Studies

	4.4.3	 Treatment

	4.5	 Hypertensive Emergencies
	4.5.1	 Pathophysiology
	4.5.2	 Clinical Presentation and Diagnosis
	4.5.2.1	 History and Physical Exam
	4.5.2.2	 Laboratory Studies
	4.5.2.3	 Imaging Studies

	4.5.3	 Treatment

	4.6	 Pulmonary Leukostasis
	4.7	 Summary
	References

	5: Neurologic Emergencies
	5.1	 Introduction
	5.2	 Spinal Cord Compression
	5.2.1	 Presentation
	5.2.2	 Differential Diagnosis
	5.2.3	 Management
	5.2.3.1	 Imaging
	5.2.3.2	 Corticosteroids
	5.2.3.3	 Surgery
	5.2.3.4	 Radiation Therapy

	5.2.4	 Outcomes

	5.3	 Altered Mental Status
	5.3.1	 Presentation
	5.3.2	 Initial Management
	5.3.3	 Differential Diagnosis
	5.3.3.1	 Structural
	5.3.3.2	 Metabolic
	Iatrogenic Hyponatremia
	Syndrome of Inappropriate Antidiuretic Hormone (SIADH) Release
	Cerebral Salt Wasting

	5.3.3.3	 Infection
	5.3.3.4	 Chemotherapy-Associated Neurotoxicity
	Methotrexate
	Ifosfamide
	Cytarabine

	5.3.3.5	 Posterior Reversible Encephalopathy Syndrome

	5.3.4	 Outcomes

	5.4	 Increased Intracranial Pressure
	5.4.1	 Presentation
	5.4.2	 Initial Management
	5.4.3	 Differential Diagnosis
	5.4.3.1	 Soft Tissue
	5.4.3.2	 Cerebrospinal Fluid
	5.4.3.3	 Hemorrhage and Thrombosis
	5.4.3.4	 Idiopathic Intracranial Hypertension


	5.5	 Cerebrovascular Disease in Pediatric Cancer Patients
	5.5.1	 Presentation of Stroke in Pediatric Patients
	5.5.2	 Differential Diagnosis of Stroke
	5.5.3	 Etiology of Stroke in Pediatric Cancer Patients
	5.5.4	 Management of Acute Stroke
	5.5.4.1	 Ischemic Stroke
	5.5.4.2	 Hemorrhagic Stroke

	5.5.5	 Outcome of Acute Stroke

	5.6	 Summary
	References

	6: Hyperleukocytosis
	6.1	 Introduction
	6.2	 Acute Lymphoblastic Leukemia
	6.3	 Acute Myelogenous Leukemia
	6.4	 Acute Promyelocytic Leukemia
	6.5	 Chronic Myelogenous Leukemia
	6.6	 Management of Tumor Lysis Syndrome
	6.7	 Leukapheresis
	6.8	 Other Treatment Modalities for Cytoreduction
	6.8.1	 Hyperhydration
	6.8.2	 Hydroxyurea
	6.8.3	 Cranial Irradiation

	6.9	 Other Supportive Care Considerations
	6.9.1	 Potential Laboratory Discrepancies
	6.9.1.1	 Pseudohyperkalemia
	6.9.1.2	 Pseudohypoxemia
	6.9.1.3	 Pseudohypoglycemia
	6.9.1.4	 Pseudothrombocytosis

	6.9.2	 Transfusion Practice with Underlying Hyperleukocytosis
	6.9.3	 Anesthetic Procedures

	6.10	 Summary
	References

	7: The Acute Abdomen
	7.1	 Introduction
	7.2	 Gastrointestinal Infection
	7.2.1	 Neutropenic Enterocolitis
	7.2.2	 Appendicitis
	7.2.3	 Perirectal Abscess

	7.3	 Gastrointestinal Hemorrhage
	7.4	 Pancreatitis
	7.5	 Bowel Obstruction
	7.6	 Tumor Rupture and Organ Perforation
	7.7	 Abdominal Compartment Syndrome
	7.8	 Summary
	References

	8: Thrombotic Disorders
	8.1	 Introduction
	8.2	 Acute Lymphoblastic Leukemia (ALL)
	8.3	 ALL Risk Factors
	8.4	 Other Malignancies
	8.5	 Central Venous Catheters
	8.6	 Diagnosis
	8.7	 Management
	8.7.1	 Prevention
	8.7.2	 Treatment

	8.8	 Summary
	References

	9: Pain Management
	9.1	 Introduction
	9.2	 General Assessment
	9.3	 Types of Pain
	9.3.1	 Nociceptive Pain
	9.3.2	 Neuropathic Pain

	9.4	 Pharmacologic Treatment of Pain
	9.4.1	 World Health Organization Pain Ladder
	9.4.2	 Intermittent Opioid Use
	9.4.3	 Long-Acting Opioids
	9.4.4	 Breakthrough Dosing
	9.4.5	 Opioid Rotation and Equianalgesia
	9.4.6	 Patient-Controlled Analgesia Calculations
	9.4.7	 Side Effects of Opioids
	9.4.7.1	 Constipation
	9.4.7.2	 Nausea and Vomiting
	9.4.7.3	 Pruritus
	9.4.7.4	 Sedation
	9.4.7.5	 Confusion and Agitation
	9.4.7.6	 Respiratory Depression
	9.4.7.7	 Myoclonus
	9.4.7.8	 Urinary Retention


	9.5	 Neuropathic Pain
	9.5.1	 Calcium Channel Blockers
	9.5.2	 Serotonin and Norepinephrine Reuptake Inhibitors
	9.5.3	 Tricyclic Antidepressants

	9.6	 Non-pharmacologic Treatment of Pain
	9.6.1	 Guided Imagery
	9.6.2	 Biofeedback
	9.6.3	 Acupuncture
	9.6.4	 Transcutaneous Electrical Nerve Stimulation
	9.6.5	 Other Complementary Therapies

	9.7	 Interventional Techniques
	9.8	 Oncology-Specific Pain Issues
	9.8.1	 Vincristine-Related Peripheral Neuropathy
	9.8.2	 Osteonecrosis
	9.8.3	 Post-lumbar Puncture Headache
	9.8.4	 Mucositis Pain

	9.9	 Summary
	References

	10: Nausea and Vomiting
	10.1	 Introduction
	10.2	 Chemotherapy-Induced Nausea and Vomiting (CINV)
	10.2.1	 Pathophysiology of Emesis
	10.2.2	 Principles of Emesis Control in the Cancer Patient
	10.2.3	 Emetogenicity of Chemotherapy
	10.2.4	 Classes of Antiemetics
	10.2.4.1	 Dopamine Receptor Antagonists
	10.2.4.2	 Corticosteroids
	10.2.4.3	 5-HT3 Receptor Antagonists
	Ondansetron
	Granisetron
	Palonosetron
	Comparison of Agents

	10.2.4.4	 Substance P Antagonists (NK1 Receptor Antagonists)
	10.2.4.5	 Cannabinoids
	10.2.4.6	 Other Antiemetic Agents
	Antihistamines
	Benzodiazepines
	Olanzapine

	10.2.4.7	 Alternative Therapies
	Ginger
	Acupressure/Acupuncture
	Hypnosis and Other Therapies


	10.2.5	 Recommendations for Prevention and Treatment of CINV
	10.2.5.1	 Management of CINV
	10.2.5.2	 Special Considerations
	Anticipatory Nausea and Vomiting
	Breakthrough Nausea and Vomiting



	10.3	 Radiation-Induced Nausea and Vomiting
	10.4	 Summary
	References

	11: Oral Mouth Care and Mucositis
	11.1	 Introduction
	11.2	 Incidence
	11.2.1	 Risk Factors
	11.2.2	 Pathophysiology of Oral Mucositis
	11.2.2.1	 Initiation
	11.2.2.2	 Primary Damage Response
	11.2.2.3	 Signal Amplification
	11.2.2.4	 Ulceration
	11.2.2.5	 Healing

	11.2.3	 Clinical Course of Oral Mucositis

	11.3	 Assessment and Measurement of Oral Mucositis
	11.4	 Prevention and Treatment of Oral Mucositis
	11.4.1	 Palifermin
	11.4.2	 Low-Level Laser Therapy
	11.4.3	 Glutamine
	11.4.4	 Cryotherapy

	11.5	 Oral Care
	11.6	 Oral Infections
	11.7	 Summary
	References

	12: Nutrition
	12.1	 Introduction
	12.2	 Nutrition Assessment
	12.3	 Nutrition Intervention
	12.3.1	 Dietary Counseling
	12.3.2	 Appetite Stimulants
	12.3.3	 Enteral Tube Feeding
	12.3.4	 Parenteral Nutrition

	12.4	 Nutrition and Survivorship
	12.5	 Summary
	References

	13: Management of Acute Radiation Side Effects
	13.1	 Introduction
	13.2	 Hematologic Toxicity
	13.2.1	 Management of Neutropenia
	13.2.2	 Management of Thrombocytopenia
	13.2.3	 Management of Anemia

	13.3	 Central Nervous System Complications
	13.3.1	 Somnolence Syndrome
	13.3.2	 Lhermitte’s Sign

	13.4	 Skin Complications
	13.5	 Head and Neck Complications
	13.5.1	 Oral Mucositis
	13.5.2	 Dysgeusia
	13.5.3	 Xerostomia
	13.5.4	 Ear Complications
	13.5.5	 Laryngeal Complications

	13.6	 Gastrointestinal Complications
	13.6.1	 Dysphagia and Esophagitis
	13.6.2	 Nausea, Vomiting and Anorexia
	13.6.3	 Enteritis
	13.6.4	 Proctitis

	13.7	 Major Organ Inflammation
	13.7.1	 Pneumonitis
	13.7.2	 Pericarditis
	13.7.3	 Hepatitis
	13.7.4	 Nephropathy
	13.7.5	 Cystitis

	13.8	 Summary
	References

	14: Prevention of Infection
	14.1	 Introduction
	14.2	 Prevention of Bacterial Infection
	14.2.1	 Risk Stratification
	14.2.2	 Antimicrobial Approaches
	14.2.2.1 Adult Data
	14.2.2.2 Pediatric Data

	14.2.3	 Risks of Prophylaxis
	14.2.4	 Guidelines and Current Usage of Antibacterial Prophylaxis
	14.2.5	 Central Venous Catheter-�Related Interventions
	14.2.5.1	 Protocols for Line Placement and Care
	14.2.5.2 Antibiotic and Ethanol Locks
	14.2.5.3 Chlorhexidine Cleansing

	14.2.6	 Future Directions

	14.3	 Prevention of Fungal Infections
	14.3.1	 Risk Stratification
	14.3.2	 Approaches to Antifungal Prophylaxis
	14.3.3	 Guideline Recommendations for Antifungal Prophylaxis
	14.3.4	 Limitations of Current Options for Antifungal Prophylaxis
	14.3.5	 Risks of Prophylaxis
	14.3.6	 Biomarkers
	14.3.7	 Future Directions

	14.4	 Prevention of Pneumocystis jiroveci Pneumonia (PCP)
	14.4.1	 Risk Stratification
	14.4.2	 Approaches to PCP Prophylaxis
	14.4.3	 Summary of the Recommendations from Guidelines for PCP Prophylaxis
	14.4.4	 Future Directions

	14.5	 Prevention of Viral Infections
	14.5.1	 Postexposure Chemoprophylaxis
	14.5.2	 Suppressive Therapy
	14.5.3	 Future Directions

	14.6	 Infection Control Practices
	14.6.1	 Hand Hygiene
	14.6.2	 Mandatory Vaccination
	14.6.3	 Hospital Isolation Practices
	14.6.4	 Visitor Screening Policies
	14.6.5	 Work Restriction
	14.6.6	 Cytomegalovirus (CMV) Status of Transfused Blood Products

	14.7	 Summary
	References

	15: Hematopoietic Growth Factors
	15.1	 Introduction
	15.2	 Granulocyte Colony-�Stimulating Factors
	15.2.1	 Clinical Usage of Myeloid Growth Factors
	15.2.1.1	 Treatment of Myelosuppression with Chemotherapy Delivery
	15.2.1.2	 Prevention of Febrile Neutropenia, Delay in Chemotherapy Delivery, or Dose Reduction
	15.2.1.3	 Treatment of Febrile Neutropenia
	15.2.1.4	 Treatment of Myelosuppression with Radiation Therapy

	15.2.2	 Optimal Administration of Colony-Stimulating Factors
	15.2.2.1	 Comparison of Granulocyte Colony-Stimulating Factor and Granulocyte-Macrophage Colony-Stimulating Factor
	15.2.2.2	 Optimal Dosing
	15.2.2.3	 Route of Administration
	15.2.2.4	 Optimal Timing


	15.3	 Erythropoietin
	15.4	 Platelet Growth Factors
	15.4.1	 Interleukin-11
	15.4.2	 Thrombopoietin Receptor Agonists

	15.5	 Summary
	References

	16: Immunization Practice in Pediatric Oncology
	16.1	 Introduction
	16.2	 Immune Status Prior to Chemotherapy Initiation
	16.3	 Immune Status During Chemotherapy
	16.4	 Immune Recovery After Chemotherapy Completion
	16.5	 Defining the Risk from Vaccine-Preventable Diseases
	16.6	 Immunization Practice Prior to Chemotherapy Initiation
	16.7	 Recommendations for Vaccination During Chemotherapy
	16.7.1	 Diphtheria, Tetanus, and Acellular Pertussis
	16.7.2	 Pneumococcal Conjugate Vaccine
	16.7.3	 Hemophilus Influenzae Type b
	16.7.4	 Inactivated Poliovirus
	16.7.5	 Influenza
	16.7.5.1	 Inactivated Influenza Vaccine
	16.7.5.2	 2009 H1N1 Pandemic Vaccine
	16.7.5.3	 Live Attenuated Influenza Vaccine

	16.7.6	 Hepatitis B Virus Vaccine
	16.7.7	 Meningococcal Conjugate Vaccine
	16.7.8	 Varicella Zoster Virus

	16.8	 Recommendations for Vaccination After Chemotherapy Completion
	16.9	 Active/Passive Immunization After Disease Exposure
	16.9.1	 Varicella
	16.9.2	 Measles

	16.10	 Treatment of Hypogammaglobulinemia During Chemotherapy
	16.11	 Vaccination of Household Contacts
	16.12	 Summary
	References

	17: Central Venous Catheters: Care and Complications
	17.1	 Introduction
	17.2	 Types of Central Venous Catheters
	17.2.1	 Peripherally Inserted Central Catheter
	17.2.2	 External Tunneled Central Venous Catheter
	17.2.3	 Implanted Port

	17.3	 Catheter Insertion
	17.4	 Infection
	17.4.1	 Exit Site Infection
	17.4.2	 Tunnel Infection
	17.4.3	 Pocket Infection
	17.4.4	 Prevention of Infection

	17.5	 Occlusions
	17.5.1	 Mechanical Occlusion
	17.5.2	 Drug Precipitate or Lipid Residue Occlusion
	17.5.3	 Thrombotic Occlusion

	17.6	 Central Venous Catheter-�Related Deep Vein Thrombosis
	17.6.1	 Evaluation of Catheter-Related Thrombosis
	17.6.2	 Treatment of Catheter-Related Thrombosis
	17.6.3	 Special Considerations During Anticoagulation Therapy
	17.6.4	 Contraindications of Anticoagulant Therapy

	17.7	 Catheter Maintenance
	17.7.1	 Skin Antisepsis
	17.7.2	 Central Venous Catheter Dressings
	17.7.3	 Hub Care
	17.7.4	 Central Venous Catheter Flushing and Locking
	17.7.5	 New Strategies to Prevent Central Line-Associated Blood Stream Infection (CLABSI)
	17.7.5.1	 Chlorhexidine Bathing
	17.7.5.2	 Antiseptic Needleless Connectors and Antiseptic Port Barrier Caps


	17.8	 Summary
	References

	18: Knowledge Gaps and Opportunities for Research

