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Oncologic Critical Care
Problems
Tammara L. Jenkins

In the past, few children with malignancy were admitted
to critical care units because there seemed to be little
benefit to providing aggressive care. However, with the
remarkable advances made in pediatric oncology, critical
care technologies, immunology, and the treatment of infectious diseases, more children are recovering from cancer and
complications related to malignancies and aggressive treatment modalities 3
Children with oncologic or hematologic disease are
typically admitted to the pediatric intensive care unit
(PICU) for complications resulting from either local or
systemic manifestations of malignant tumor or disease, or
effects of antineoplastic therapy.3.4 To fully appreciate the
unique care needs of a child with malignancy, critical care
nurses require an understanding of the child's underlying
malignancy, as well as the likely causes of life-threatening
complications.
Children with malignancy may present to the PICU with
dysfunction of one or several organ systems. This chapter
provides an overview of general complications associated
with malignancies and their treatment, as well as complications specifically related to solid tumors, leukemias, and
bone marrow transplantation (BMT). Because many of these
complications may have other etiologies not related to
cancer, this chapter focuses on how complications may
manifest and be treated differently in children with oncologic disease.

CARE OF THE NEUTROPENIC PATIENT
GENERAL COMPLICATIONS OF MALIGNANCY

Infection and Sepsis
Pericardial Tamponade
Acute Respiratory Failure
Neurologic Complications
Hemorrhage
Typhlitis
COMPLICATIONS OF SOLID TUMORS

Acute Thmor Lysis Syndrome
Superior Vena Cava Syndrome/Superior
Mediastinal Syndrome
Spinal Cord Compression
COMPLICATIONS OF LEUKEMIC DISEASE

Hyperleukocytosis
COMPUCATIONS OF BONE MARROW TRANSPLANTATION

Special Considerations in the Bone Marrow
Transplant Patient
Infection
Pulmonary Complications
Acute Graft-Versus-Host Disease
Veno-occlusive Disease
SUMMARY

CARE OF THE NEUTROPENIC PATIENT
The neutropenic child presents a unique challenge to the
intensive care unit (ICU) team. Children who receive
chemotherapeutic agents or radiation therapy or who
undergo BMT typically become both neutropenic and
thrombocytopenic at some point during the course of their
disease or treatment regimen. The risk of infection has been
shown to increase when the number of circulating neutrophils is less than lOoo/mm 3 , with the risk of infection being
directly related to the extent and duration of the neutropenic
state. 5 Severe neutropenia, defined as an absolute neutrophil

C

ancer has been perceived by many people, health
professionals included, as a "terrible, hopeless disease
that leads to certain death." 1 But today a degree of optimism
prevails. The treatment of childhood cancers has made
tremendous strides in recent years, with 65% of children
with cancer now surviving more than 5 years after
diagnosis? Many childhood malignancies that were once
universally fatal are now potentially curable, such as acute
lymphoblastic leukemia (ALL).
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count (ANC) of 500/mm 3 or less, is the single most
important risk factor predisposing them to infection. 6
The decreased number of neutrophils that occurs in
children with malignancy may be the result of the production of inadequate neutrophils by the bone marrow, as seen
in acute leukemias, or the production of abnormal granulocytes that are incapable of participating in phagocytosis.
Antineoplastic chemotherapy, radiation therapy, and other
pharmacologic interventions used in the treatment of
malignancies, such as steroid administration, may contribute
to immunosuppression and neutropenia. 6 In addition, the
myelosuppression that causes neutropenia typically causes
concurrent thrombocytopenia, placing the patient at additional risk for hemorrhage and coagulopathies. Children
with neutropenia and thrombocytopenia are at high risk for
serious and life-threatening complications. Box 25-1 out-

~

lines assessment parameters and care considerations for the
child in the ICU with neutropenia and thrombocytopenia.

GENERAL COMPLICATIONS
OF MALIGNANCY
Infection and Sepsis
Despite progress made in the treatment of children with
cancer, complications related to infection remain a leading
cause of morbidity and mortality.6 As more aggressive
treatments are used in the treatment of childhood cancer,
more children become immunocompromised for a longer
period of time and subsequently become more susceptible to
infection. In addition to treatment intensity, the type of
tumor and the state of the disease also contribute to the

Box 25-1
.
Assessment Parameters and Care Considerations for the Child With Neutropenia and Thrombocytopenia

Assessment Parameters
Vital Signs
• Temperature at least q2h; in febrile patients increase to q1h

Assess for presence of fever (Reminder: the clinical signs
and symptoms of a normal immune response may be suppressed in severely neutropenic patients or patients receiving
steroid therapy; fever may be the only presenting sign of a
VAD infection)

Skin
Assess for breakdown, lesions, pain, and rashes, especially
in less visible areas (e.g., skin folds of bUllocks, axilla,
perineum, perianal area, breasts, and scrotum)
Assess any incision, wounds, or biopsy sites for drainage,
odor, erythema, inflammation, and pain

Neurologic
Assess for complaints of headache. neck stiffness, onhostatic
dizziness, changes in LOC, visual disturbances
Assess for complaints of sinus pressure, pain, congestion, or
drainage
Pulmonary
• Assess respirations and breath sounds for presence, absence,
or change in pattern, effort, or rate
Assess for changes in amount and color of sputum
Genitourinary
Assess for changes in genitourinary function, e.g.. frequency,
color. and appearance of urine; dysuria
Gastrointestinal
Assess bowel function, e.g., consistency, pain. frequency,
color, amount
Assess mouth and throat for presence of stomatitis, ulcers,
white patches, dryness. erythema, and dental problems
Assess mouth and throat for complaints of pain and
dysphagia
Vascular Access Devices
Assess catheter exit, entrance, sulUre. and tunnel sites for
signs of infection (e.g.. skin breakdown, erythema, pain.
tenderness, discharge, swelling, or warmth)

Special Care Considerations
STRICT HANDWASHlNG
Monitor CBCs with differential count every day and calculate ANC
Limit contact with individuals with signs and symptoms of
a suspected transmissible illness or disease
Avoid contact with persons recently immunized with live
vaccinations

•
•

•
•

•

Maintain skin integrity and excellent hygiene
Use lotion to prevent dry, cracking skin, and bathe with only
mild, nondrying soap
Prevent rectal trauma by avoiding rectal temperatures,
enemas, suppositories, or digital examinations
Administer stool softeners as necessary to prevent straining
during bowel movements
Avoid injections whenever possible, because of the risk of
abscess formation in the skin
Avoid use of tampons in adolescent females
Evaluate potential for CNS infection
Perform meticulous mouth and skin care using only soft
sponge toothbrushes in conjunction with frequent oral rinses,
even in the critically ill and intubated child
Maintain use of strict aseptic technique when performing
all invasive procedures or manipulating invasive tubes or
catheters
Avoid patient contact with fresh flowers. soil, potted plants,
or contact with stagnant water
Avoid contact with foods that may introduce pathogens into
the Gl tract (e.g., raw or undercooked meats, unwashed raw
fruits or vegetables, tap or unfiltered water)
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frequency and types of infection that occur. 6 The immunocompromised child presenting to the ICU with infection
typically demonstrates clinical manifestations of sepsis or
septic shock. Prompt recognition of signs of infection and
sepsis, and timely interventions, may significantly decrease
the risk of mortality associated with septic shock.
Pathogenesis. The development of infection in children with cancer may be related to compromise in a variety
of host defenses. The nature of the disease and the
myelosuppressive action of chemotherapy and radiation
therapy result in immune alterations that compromise a
child's ability to combat infection. Tumors themselves may
predispose children to infection. Primary or metastatic
tumors may cause obstruction that promotes infection by the
colonizing of organisms at the site of the obstruction. For
example, a child with Wilms' tumor may experience an
increased incidence of urinary tract infections as a result of
urinary obstruction caused by the tumor. 6 The tumor may
erode through the body's protective barriers, such as the skin
and mucosal surfaces, and permit the entrance of pathogens
into the bloodstream. These protective barriers may also be
broken by the numerous invasi ve diagnostic and therapeutic
procedures performed on critically ill children with cancer.
Venous access devices, biopsies, pressure monitoring devices, respiratory care equipment, and indwelling catheters
all provide direct access to the bloodstream for a variety of
pathogens.
Defects in cellular or humoral immunity further increase
the susceptibility to infection in children with certain
malignancies. Children with Hodgkin's disease and nonHodgkin's lymphoma are known to have impaired T-cell
and monocyte function as well as diminished B-cell
function. Patients with leukemia may have defective cellmediated immunity. Children who have undergone splenectomies are found to experience diminished antibody responses, the loss of specific phagocytosis factors, and loss of
the spleen's filtering functions. These factors increase the
susceptibility to infection with encapsulated organisms.
Corticosteroids can alter leukocyte mobilization, diminish
cell-mediated immunity, and impair phagocytosis 6 Chemotherapy and radiation therapy regimens before BMT contribute to impairment of cellular and humoral immunity. The
special aspects of infection in the pediatric BMT patient are
discussed in the Complications of Bone Marrow Transplantation section of this chapter.
Cancer treatment may contribute to new sources of
infection. Stomatitis is a common side effect of certain
chemotherapeutic agents, such as methotrexate (MIX),
actinomycin-D, adriamycin, and transplant chemotherapy.
Under certain conditions, septicemia can develop from
stomatitis. Damage that occurs to the gastrointestinal (GI)
mucosa from antineoplastic therapy may be the reason that
enteric organisms are often isolated in the cancer patient
with infection. Rectal fissures may occur and can be a
source of fulminant infection, usually by gram-negative
bacteria. 3.7.8
Malnutrition that often occurs in children with malignancies can increase susceptibility to infection by causing
impaired phagocytosis, decreased macrophage mobilization,
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and depressed lymphocyte function. Broad-spectrum antibiotic therapy, which is often used, can lead to alterations in
microbial colonization and overgrowth of resistant organisms present in the critical care environment. 6 In addition,
any critically ill child will be at an increased risk for
infection from the mere fact of being in a debilitated state
and in a critical care environment. 8
All of these factors put children with cancer at a
significant risk for bacterial, fungal, viral, and parasitic
infections. Box 25-2 identifies the most common pathogens
known to cause infection in neutropenic pediatric patients.
Bacterial infections, particularly caused by gram-negative
enteric bacilli, are often the most serious acute infections
occurring in children with cancer. Gram-positive organisms
isolated in serious infections are most likely associated with
venous access devices. 6
Fungal infections are particularly troublesome in children with cancer. The most commonly encountered fungal
infections in affected children include those from Candida
and Aspergillus species 9 Candida infections may range
from local infections, such as thrush, to widespread dissemination. Mucosal lesions, which often occur as a result of
cancer therapy, may provide a portal for Candida septicemia. Aspergillus is a ubiquitous fungus that aggressively
invades the sinuses, lungs, and brain and is extremely

.

.

~

Box 25-2

Potential Causative Organisms in the Septic
Child With Malignancy

Bacterial Infections
Any gram-negative or gram-positive organism, including:
Escherichia coli
Klebsiella pneulIloniae
Pseudomonas aerugitlOSa
Bacteroides jragilis
Clostridium difficile
Mycobacterium spp.
Nocardia spp.

Viral Infections
Cytomegalovirus
Respiratory syncytial virus
Adenovirus
Herpes simplex virus
Varicella zoster virus

Parasitic Infections
Plleumocyslis carinii
Strongyloides stercoralis

Fungal Infections
Candida spp.
Aspergillus spp.
Adapted from Freifeld AG. Walsh TJ, Pizzo PA: Infectious complications in the
pediatric cancer patient. in Pizzo PA. Poplack DG, eds: Principles and
practice of pediatric oncology, ed 3. Philadelphia, 1997. Lippincott·Raven

Publishers, pp. 1069-1114.
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difficult to eradicate from the body.9- 11 It is often fatal in
severely immunocompromised children, such as those who
have undergone BMT or those who are severely neutropenic
following high-dose chemotherapy. Diagnosis of Aspergillus infection is often problematic because of difficulties in
culturing the organism 8
Viral infections may cause significant morbidity and
mortality in children with cancer because they have the
potential for rapid dissemination in immunocompromised
hosts. In addition, exposure to seasonal viruses, such as
respiratory syncytial virus (RSV) and adenovirus, may
cause severe upper and lower respiratory tract disease in the
immunocompromised patient. 11 The herpes virus group can
be responsible for a variety of infections. Herpes simplex
infections are usually more severe and prolonged in children
with malignancies. Dissemination can occur with mucosal
lesions, cellulitis, or pneumonia. Abnormalities in T-cell
function and diminished cell-mediated response to varicella
zoster can cause fulminant varicella, which may disseminate
to the liver, lung, and central nervous system (CNS). In
children who have had varicella zoster infection, herpes
zoster infection (shingles) can occur as a reactivation of this
virus. Children with lymphomas appear to have the greatest
risk for development of herpes zoster infection. 6
The most common cause of viral pneumonia in the
immunocompromised host is cytomegalovirus (CMV), especially in those who have undergone BMT. Pneumonitis is
the most common clinical consequence of CMV infection in
these children. The parainfluenza virus may also cause
significant respiratory failure. 6 •7 Parasitic infections in children with cancer are most commonly attributed to Pneumocystis carinii. This organism is responsible for serious
pneumonitis in this population, and if left untreated is usually fatal. 3 ,6
Although the pathogenesis of infection and sepsis may be
different in the pediatric patient with malignancy, the clinical progression and final common pathway of septic shock is
the same for any pediatric patient; hemodynamic instability,
circulatory collapse, and intractable lactic acidosis. Chapter
27 provides a detailed account of the pathogenesis, clinical
presentation, and clinical management of septic shock.
Clinical Presentation. Because shock may rapidly
ensue in these children, and host responses may be subtle,
early recognition and prompt treatment of infections are
imperative. 6 If infection is undetected and left untreated in
a patient with malignancy, especially one who is neutropenic, it may prove to be fatal in a very short course.
Detection of infection requires strong clinical judgment and
a careful search for signs and symptoms, which are often
covert. 8 Fever is the single most consistent indicator of
infection, in the neutropenic patient because the lack of an
inflammatory response prevents many of the classic signs
and symptoms of infection from appearing. In fact, fever
may be the only sign of an active infection in the severely
neutropenic patient, and may be crucial to diagnosis. 13
Diagnosis requires thorough physical examination, radiologic and laboratory evaluation (blood counts, electrolyte
levels, and coagulation studies), and cultures of any
potential source of infection. Surveillance bacterial and

fungal culture results of throat, urine, stool, and blood are
often routinely monitored twice weekly to allow for early
detection of infection. In addition, these same cultures are
typically obtained at a maximum of once per day if the child
develops a fever. If invasive lines are in place when the child
becomes febrile, they are considered potential sources of
infection. 6 Routine viral screenings during RSV season are
also recommended.
Critical Care Management. The only true treatment
for infection, sepsis, and septic shock is the administration
of antiinfectious agents, specific to the causative pathogen.
However, the inability to obtain blood cultures should never
preclude the timely administration of antiinfectious agents.
Broad-spectrum coverage begins immediately as soon as
sepsis is suspected. Empiric antibacterial therapy, generally
using a cephalosporin, aminoglycoside, and extendedspectrum penicillin, is initiated until culture and sensitivity
reports are available. When the child has a venous access
device, coverage for gram-positive organisms, such as vancomycin, is usually added 4 Typically, gram-positive coverage will be initiated until culture reports are obtained. Once
blood cultures rule out the existence of a gram-positive
organism, coverage for such organisms is discontinued
because of the increasing development of resistant organisms. There are a variety of antimicrobial agents available for use, and numerous complex antimicrobial regimens
have been developed by various institutions for treatment
of fever in the neutropenic child. Ultimately, the choice of
agents and regimens should be dependent on predominant
organisms, sensitivity patterns, and experience of the ordering practitioner. 6
In children with persistent fever and neutropenia, antifungal treatment should be added. Amphotericin B has
typically been the treatment of choice for fungal infections 9 . IO Unfortunately, amphotericin B is associated with
serious complications, most notably anaphylaxis and nephrotoxicity.9 If renal function is impaired, it may be necessary
to lower the dose of amphotericin B or administer the drug
on alternate d ays 9 Fever, chills, and rigors that commonly
accompany amphotericin B administration may be minimized by the administration of intravenous diphenhydramine, meperidine, and oral acetaminophen, as needed.
When side effects are severe, hydrocortisone may be added
to the infusion. The use of new antifungal agents, such as
appropriately engineered lipid formulations of amphotericin B, may preserve the antifungal efficacy with fewer
adverse effects. One such agent is amphotericin B lipid
complex (ABLC). ABLC, while not uniformly efficacious
for all fungal infections, has shown great promise in clinical
trials and is indicated for use in the treatment of invasive
fungal infections in patients who are refractory to or
intolerant of traditional amphotericin B therapy. 9
Viral and parasitic organisms are also suspected, especially in the event of pulmonary infection. For suspected viral infections, ganciclovir in combination with
intravenous immunoglobulin (IVIg) or acyclovir may be
administered. 6 Acyclovir is often used for the treatment of
varicella zoster, herpes simplex, and herpes zoster infections. It is also administered prophylactically to prevent
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stomatitis in BMT patients who are seropositive for herpes
simplex.
Although the use of aerosolized ribavirin has fallen out of
favor for the treatment of RSV infection in the general
pediatric population, it has been used with some success in
several studies of immunocompromised patients presenting
with RSV infection.12.14.17 Proponents of this therapy in the
immunocompromised patient advocate early use of ribavirin
to prevent the progression of RSV infection to the lower
respiratory tract. In addition, the increasing use of RSVimmunoglobulin (RSVlg), both prophylactically in the
at-risk patient and in combination with aerosolized ribavirin
for infected patients, holds promise in decreasing mortality
related to RS V infection. 17 However, despite these encouraging reports, further studies are necessary to determine
effective therapy for RSV infection in the BMT patient.
Prophylactic therapy against respiratory viruses, using
either respiratory syncytial virus immune globulin intravenous (RSV-IGIV) or palivizumab (an intramuscular monoclonal antibody), has recently been advocated for severely
neutropenic patients, such as BMT patients. Although
neither medication has been evaluated in randomized trials
in immunocompromised children, children with severe
immunodeficiencies may benefit from this prophylaxis.
The American Academy of Pediatrics recommends that
if severely immunocompromised children are receiving
standard immune globulin intravenous (IGIV) monthly,
physicians may consider substituting RSV-JGIV during the
RSV season. IS RSV-IGIV may also provide prophylaxis
against other non-RSV respiratory infections that palivizumab does not.
Parasitic infections are routinely treated with
trimethoprim-sulfamethoxazole (TMP-SMX). TMP-SMX
may also be given prophylactically in neutropenic patients
to prevent the onset of Pneumocystis carinii pneumonia
(PCP). Pentamidine isethionate is commonly administered
prophylactically to prevent PCP in immunodeficient (particularly HIV positive) and immunosuppressed patients. 4.6
The use of granulocytes in the management of sepsis,
although still controversial, is used for the neutropenic child
whose white blood cells (WBCs) have been suppressed.
Proponents of granulocyte transfusions believe that because
the child lacks intrinsic neUlrophils to combat infection,
administration of granulocytes may provide an extrinsic
bridge of WBCs available to fight infection until the
patient's own WBCs return. Saarinen and colleagues administered granulocyte transfusions to 10 children suffering
from documented life-threatening infections during profound, prolonged neutropenia. 19 They reported prompt and
vigorous bone marrow myeloid recovery immediately after
granulocyte transfusion in all 10 patients. However promising this mode of therapy may be, further studies are
warranted before granulocyte transfusions become part
of standard therapy. There are significant complications
that have been associated with granulocyte transfusions,
namely fever and chills, pulmonary complications such as
pneumonitis with the potential for respiratory failure,
transmission of blood-borne infections such as CMV,
and the induction of alloimmunization, which may jeopar-
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dize all future platelet transfusions. 19 In addition, there are
case reports of respiratory failure when granulocytes
were administered in close proximity to amphotericin B
administration. Because there have been no large generalizable clinical studies demonstrating improved outcomes
resulting from granulocyte transfusions, and given the risk
of respiratory failure, many practitioners continue to avoid
granulocyte transfusions. Instead, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and granulocyte
colony-stimulating factor (G-CSF) have been used as an
alternative therapy to accelerate granulocyte recovery.
These cytokines, which accelerate hematopoiesis when
given following chemotherapy-induced neutropenia, have
been shown to reduce the severity and duration of neutropenia for some children. 19
Should sepsis progress to septic shock, the shock state is
managed as for any other patient presenting with sepsis or
septic shock. The only caveat to management of the
pediatric oncology patient with septic shock is that repeated
administration of chemotherapeutic agents, or administration of certain cardiotoxic chemotherapeutic agents, may
cause myocardial dysfunction, which in conjunction with
sepsis, may decrease the child's tolerance for fluid loading
and fluid resuscitation. Fluid management and inotropic
support in such cases may need to be augmented and guided
via hemodynamic monitoring, including pulmonary artery
pressure monitoring.

PericardiaI Tamponade
The etiology of pericardial tamponade in children with
cancer may be much different than that in other children
who present to the ICU with this clinical syndrome. Pericardial tamponade may occur as a direct result of a primary
tumor invasion into the pericardium, metastatic invasion
(such as with Hodgkin's disease or ALL), infection or severe
inflammation, or as a sequelae to radiation therapy, manifesting as either pericardial effusions or constrictive fibrosis.
Pericardial effusions may also be seen in children with
Wilms' tumor in whom a thrombus may extend into
the heart. 3.4
Pathogenesis. Acute pericardial tamponade is a rare
presentation for children with malignancies. More often,
chronic accumulation of fluid permits the pericardium to
stretch gradually over time and allows it to accommodate
large fluid volumes before cardiac tamponade occurs. 3 .4
Clinical Presentation. The classic signs and symptoms of acute pericardial tamponade do not differ from other
patient populations presenting with this clinical picture. For
a complete discussion of these classic signs and symptoms,
as well as pathogenesis and diagnostic techniques, please
refer to Chapter 18 (Cardiovascular Critical Care Problems).
Clinical presentation in the pediatric oncology patient may
be rapid, but more commonly is insidious in onset. Chronic
accumulation of fluid may present with more subtle signs
and symptoms, such as fatigue, dyspnea, cough, chest pain,
abdominal distention, and signs and symptoms of rightsided congestive heart failure. Early recognition of impending tamponade and intervention is important.
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Critical Care Management. The management of
pericardial tamponade is dictated by the degree of existing
circulatory compromise. Emergent care consists of pericardiocentesis, preferably performed via echocardiographic
guidance. For those children who are thrombocytopenic or
have evidence of other coagulopathies, platelets and fresh
frozen plasma may be needed before pericardiocentesis.
Pericardiocentesis in children with cancer is not only therapeutic but also allows collection of a specimen for malignancy diagnosis. Depending on the cause of the pericardial
tamponade, a "pig-tailed" catheter may be placed after pericardiocentesis to allow for drainage of any reaccumulated
pericardial fluid. 4 .20 Obviously, placement of such a catheter
places the child at great risk for infection and resultant
myocarditis. Meticulous care, including use of strict aseptic
or sterile technique, for both the catheter and catheter site
is provided.
Supportive care includes hydration, oxygen, and positioning to achieve maximum patient comfort. Definitive
therapy is directed toward treating the underlying cause.
Hematologic malignancies are treated with chemotherapy.
Solid tumors are removed or may be diminished by local
radiation or sclerosing therapy. In situations in which
prolonged palliation is warranted, a pericardia I window may
be placed. A pericardiectomy may be considered if the
above treatments fail, if there is an associated constrictive
pericardial disease, or if a pericardial window is not
technically feasible. 4

Acute Respiratory Failure
The development of acute respiratory failure in the child
with an oncologic disease commonly requires critical care
resources. The inability to ventilate and adequately oxygenate may occur from a variety of infectious and noninfectious insults, including pulmonary opportunistic infections
and chemotherapy or radiation therapy-induced pulmonary
disorders. Primary pulmonary malignancies are rare in
children and do not account for many ICU admissions, with
the exception of tracheal compression from a mediastinal
mass. 3 .6 Pleural effusions and pulmonary infiltrates are
two of the more common causes of acute respiratory failure
and the need for mechanical ventilation in children with
malignancy.
Pleural Effusions. Pleural effusions in the child with
cancer may occur for a variety of reasons, including
irritation of the pleural membrane by cancer cells, infection,
an extension of the tumor itself, or lymphatic or venous
obstruction of the pleura by a mediastinal mass. In addition,
chylous effusions may occur from obstruction of the
lymphatics. 3 Children at risk for pleural effusions include
those with leukemia, Hodgkin's disease and non-Hodgkin's
lymphoma, sarcomas, neuroblastoma, and Wilms' tumor. 3 .6
Signs and symptoms of a pleural effusion include
dyspnea, cough, pleuritic chest pain, tachypnea, and tachycardia. Physical examination may reveal dullness on percussion over the infected area. Diagnosis of a pleural
effusion involves techniques similar to those used for
pleural effusions from other disease processes. Chest

radiographs help confirm the presence of fluid in the pleural
space. Pleural fluid can also be examined for the presence of
malignant cells or to rule out infection. 6
Thoracentesis and possibly chest tube placement are
indicated to drain the fluid when it is causing respiratory
distress, or to make a diagnosis. In addition, sclerotherapy
may be necessary to prevent or delay formation of a new
effusion 3 Sclerotherapy employs agents such as tetracycline, talc, or bleomycin to cause adhesions and irritation in
the pleural or pericardial spaces. The procedure consists of
injecting these agents into the respective spaces, and may be
repeated for several days as needed. Ultrasound examination
may be helpful to guide the physician to the effusion area,
especially when the effusion is loculated. Therapy specific
to the disease process should be instituted.
Careful respiratory assessment and monitoring are necessary for the child with a pleural effusion. In addition, the
nurse needs to be aware of the procedure and possible side
effects of various sclerotherapy techniques. These side
effects are dependent on agents used but can include pain,
nausea and vomiting, infection, inflammation, hypoxia,
pneumothorax, and hemothorax.
Pulmonary Infiltrates. Tn a nonneutropenic host,
respiratory infections may be attributed to the usual causes
of community-acquired pneumonia. However, in the child
with malignancy who is neutropenic, bacterial pneumonias
may be one of the most common causes of pulmonary
infiltrates and can cause significant mortality. Gramnegative organisms are the most likely etiologic pathogens;
however, viral, fungal, or parasitic organisms should also be
considered because they are a common cause of infectious
pneumonitis in patients with prolonged neutropenia. 3
The incidence of protozoal PCP, which was once quite
common, has decreased greatly because of the use of
prophylactic TMP-SMX, although it still does occur in
immunocompromised hosts 6 Fungal pneumonitis is most
commonly diagnosed in a neutropenic host who has
received prolonged antibacterial agents without evidence of
clinical improvement. Aspergillus and Candida are the most
common causative organisms 6
As previously mentioned, pulmonary injury can be attributed to a variety of chemotherapeutic agents (Box 25-3)
and radiation therapy. Lung damage from chemotherapeutic
agents is often difficult to detect because such damage is
usually insidious in onset and is caused by the presence of
other sources of pulmonary injury such as infection,

~

lox 25-3
Chemotherapeutic Agents Associated
With Pulmonary Injury

Adriamycin
Bleomycin
Busulfan
Cyclophosphamide
Cytosine arabinoside
Methotrexate

Chapter 25
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radiation, or metastatic lung disease, which can complicate
diagnosis. Some chemotherapy agents may cause dosedependent pulmonary changes, whereas others, such as
MTX, may actually cause an inflammatory-type hypersensitivity reaction. Drug-associated lung injury appears histologically as diffuse alveolar damage?! Radiation to the lung
fields can cause an acute inflammatory response of the lung
tissue (Fig. 25-1). Radiation damage to the lungs is related
to the total dose received, the dose rate, and the volume of
lung tissue irradiated. The more radiation that is administered to the lung fields, the greater the damage. 21
Clinical manifestations of acute respiratory failure resulting from pulmonary infiltrates include fever, cough (usually
dry and hacking), rales, dyspnea, hypoxia. cyanosis, and
tachypnea. The chest radiograph typically demonstrates a
diffuse infiltrative pattem 3 .4.8 (Fig. 25-2).
Differential diagnosis of respiratory dysfunction in the
child with cancer can be difficult and often requires invasive
techniques. Diagnostic testing includes cultures, serology,
radiologic studies including x-ray and chest computerized
tomography (CT) scans, arterial blood gas analysis, and
ventilatory function tests. Bronchoalveolar lavage (BAL)
may be used to obtain samples for testing and isolate the
causative organism. If this is unsuccessful, an open lung
biopsy may be necessary to differentiate infectious and
noninfectious causes. 6
Management of the child with cancer in acute respiratory
failure focuses on the support of respiratory and circulatory
function, minimizing the risk of pulmonary edema, and
aggressively identifying and treating infectious processes.
Broad-spectrum antibiotics are started immediately in the
child who develops fever and pulmonary symptoms. These
are instituted even before receiving results of diagnostic
testing because rapid progression to an overwhelming
pneumonia and sepsis can occur. 6
Supplemental oxygen is an essential aspect of therapy.
The amount of oxygen that is required can be determined by

usual methods of arterial blood gas monitoring and pulse
oximetry. The child with cancer has the potential for
enhanced oxygen toxicity as a consequence of previous
chemotherapy or radiation therapy, and thus is maintained
on the lowest amount of oxygen that results in sufficient
oxygenation. 7 .8
Most children with malignancy have limited energy
reserves resulting from disease progression, malnutrition,
and the toxic effects of chemotherapy and radiation therapy.
Any stress to the body places them at risk for sudden
deterioration in pulmonary function and respiratory failure,
necessitating the use of mechanical ventilation. The indications for mechanical ventilation in the child with malignancy are similar to those for any child suffering from
respiratory failure (see Chapter 19 for a complete discussion
of respiratory failure). There are, however, some unique
problems to consider in the population with cancer if
intubation is required.
The trauma of intubation may cause upper airway
bleeding in the child with malignancy because of thrombocytopenia, coagulation abnormalities, or mucositis that
already exists. Platelets, fresh frozen plasma, or vitamin K
may be necessary before intubation to minimize the risk of
bleeding 8 If intubation needs to be performed as an emergency, the oral route is preferred to the nasal route to diminish the risk of serious bleeding. Intubation can also increase
the risk of infection in the immunosuppressed patient population 3 An increased awareness of the need for strict aseptic
technique when performing an invasive procedure, such as
suctioning, is necessary for the immunocompromised child.
Tracheal aspirate cultures are obtained at least twice weekly,
and as needed if any changes in the color, odor, or amount of
secretions are detected.
Once the child has an artificial airway in place, positive
end-expiratory pressure (PEEP) is used at a level high
enough to maintain the oxygen concentration at 40% to 50%
or less to minimize the risk of toxicity.7.s High airway

Fig. 25-' Bilateral peritracheal and parahilar infiltrates resulting
from radiation pneumonitis.

Fig. 25·2 Bilateral ditfuse peripheral infiltrates in a 2-year-old
boy with lymphoma proven to be PCP, which is sparing the central
portions of the lung that are involved with radiation fibrosis.
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pressures and rapid ventilatory rates, although not preferred,
may be necessary to maintain adequate gas exchange. In
such cases, it is imperative that the child be adequately
sedated in order to optimize oxygenation and ventilation. 8 If
the child with acute respiratory failure is still receiving
potentially toxic chemotherapy or radiation therapy, these
treatments may need to be discontinued or modified to
prevent further lung damage?l High-dose corticosteroids
may also be added to the treatment regimen to decrease lung
inflammation.

Neurologic Complications
Seizures. As with many oncologic emergencies, seizures may occur in the child with malignant disease for
a variety of reasons, including tumor involvement, metastatic disease, or as sequelae of either drug therapy or disease progression. Astrocytomas, ependymomas, and malignant gliomas may occur in the central hemisphere and create
seizures. 4 Lymphomas, retinoblastomas, and rhabdomyosarcomas may metastasize and lead to seizures. 4 •7 .8 Chemotherapeutic agents, such as intrathecal MTX, L-asparaginase,
and vincristine, may actually induce seizure activity. Metabolic abnormalities associated with organ dysfunction, such
as hypocalcemia, hypoglycemia, hyponatremia, and uremia,
may also cause seizures. 3 And finally, neutropenia and
thrombocytopenia may place the child at risk for CNS infections, such as meningitis or brain abscesses, or intracerebral
hemorrhage.
Regardless of the cause, seizures in the child with
malignant disease should be treated the same as seizures in
any other child. Maintenance of airway patency and
adequate ventilation should be the priority because most
seizures are self-limiting. However, progression to status
epilepticus warrants emergent intervention and management
in the critical care environment. See Chapter 20 for
management of seizures and status epilepticus in the
pediatric patient.
Increased Intracranial Pressure/Herniation Syndromes. Although increased intracranial pressure (ICP)
and the risk of cerebral herniation is concerning in any
pediatric patient, it is of particular concern in the patient
with malignancy. The reader is referred to Chapters 10 and
20 for detailed discussion of the pathophysiology, clinical
manifestations and current management of increased fCP
and herniation syndromes in children. However, it is
important to note that the causes of increased ICP may be
different in the pediatric oncology patient, and the onset
may be either rapid or insidious.
Obviously, the child with a space-occupying lesion in the
brain is at risk for developing increased fCP. However,
children with any malignancy are at risk for increased ICP
because of the effects of either acquired or induced
neutropenia andlor thrombocytopenia. 3 .4 CNS infections,
with resultant cerebral edema, may lead to increased ICP in
this patient population. Cerebral abscesses from bacterial or
fungal sources are common causes of increased ICP in the
neutropenic patient. However, perhaps the most devastating
cause of increased ICP is intracerebral hemorrhage caused
by thrombocytopenia (Fig. 25-3). Massive bleeding into the

Fig. 25·3 Intracerebral hemorrhage in a l2-year-old female,
approximately 100 days after BMT for CML.

cranial vault may lead to rapid onset of intracerebral
herniation and brain death.
Symptoms of increased ICP and herniation syndrome are
no different in the pediatric oncology population than in the
general PICU population. However, there are subtle changes
in clinical presentation in the neutropenic and thrombocytopenic patient. Any subtle changes in level of consciousness or complaints of headache, nausea, or vomiting are
thoroughly investigated to rule out intracranial pathology.22
This is particularly challenging in the patient with malignancy because many therapies for malignancy routinely
cause sedation, nausea, and vomiting. Astute recognition
and early intervention are paramount for preventing the
catastrophic sequelae of increased ICP in these patients.
Definitive treatment is aimed at treating the underlying
cause of the increased ICP. Emergent surgical intervention
to debulk or remove space-occupying lesions or evacuate
intracerebral bleeds may be necessary, although these
patients are high surgical risks and there is a significantly
increased morbidity and mortality associated with surgical
intervention. 4 .22 CNS infections are treated with antiinfection therapy, and at times, emergent whole brain
irradiation may be necessary to reduce a rapidly growing
intracranial tumor. If bleeding is suspected, platelet or fresh
frozen plasma administration may be warranted. The use of
ICP monitoring devices is very controversial because of the
increased risk of bleeding and infection in neutropenic and
thrombocytopenic patients.

Hemorrhage
Hemorrhage in the pediatric patient with malignancy is most
often the result of thrombocytopenia, coagulopathies, or a
combination of both. Although the precipitating factors for
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Indications for Platelet Transfusion Support in Children with Cancer

the Presence of 5ignificant Hemorrhage"

In the Absence of Significant Hemorrhage

iliihrrombocytopenia of any severity (usually significant hemori~· rhage does not occur if the platelet count is >20,OOO/mm'
~\I';:unless other factors are present, i.e., infection, local
anatomic lesion)

Before major surgical procedure if platelet count is <50,OOO/mm 3

puspected platelet count dysfunction (e.g., aspirin) ine-

Before lumbar puncture or minor surgical procedure if platelet
3
count is <20,OOO/mm
In febrile patient with platelet count <20,OOO/mm 3 , especially in
a child with ANLL or who is extremely ill

If

Ill'."." .. spective of platelet count (a rare occurrence in today's

ii,

II"

practice)

I~

PI~t;!~td~~~~tri~~,ooo/mm3with

little likelihood of imminent

l!:ifrom Buchanan GR: Hematologic supportive care of the pediatric cancer patient. In Pizzo PA, Poplack DG, eds: Principles and practice of pediatric
JJi;rcology. ed 3, Philadelphia, 1997, Lippincott-Raven.
~~~Significant hemorrhage is defined as recurrent or severe epistaxis, gingival bleeding, extensive buccal blood blisters, gross GI hemorrhage (not just occult
t~lood in stool), retinal bleeding, extensive new cutaneous bleeding, suspected or proven internal hemorrhage. Bruises and scattered petechiae are not
~j;onsidered clinically significant hemorrhage.
~;'-

hemorrhage in this patient population may be somewhat
unique to the patient with malignancy, the final common
pathway is similar to any pediatric patient with disruption of
normal hematopoiesis and hemostasis. Thrombocytopenia is
one of the most common bleeding problems for patients
with malignancies. Bleeding may be easily managed or may
constitute a life-threatening emergency with catastrophic
insults to organ systems and the potential for circulatory
collapse.
Pathogenesis. Thrombocytopenia, defined as a platelet count less than 17S,OOO/mm3 , occurs as a result of tumor
involvement of the bone marrow, myelosuppression from
chemotherapy or radiation therapy, increased platelet destruction, or hypersplenism. 23 Coagulopathies, such as
disseminated intravascular coagulation, may occur as a
result of chemotherapy, vitamin K-dependent factor deficiency, liver insult or failure, or a variety of other causes.
See Chapter 24 for a complete discussion of both normal
and abnormal hematopoiesis and hemostasis.
Clinical Presentation. The clinical presentation of
hemorrhage in the pediatric patient with malignancy is essentially no different than in any other child with acute
bleeding and/or coagulopathies. Signs may be overt, such as
severe epistaxis or frank blood from a nasogastric tube, or
may be subtler, such as an increasing abdominal girth or
changes in level of consciousness. The critical care nurse
identifies patients at risk through close monitoring of laboratory data and is alert to any changes in clinical presentation
that may signify bleeding to prevent loss of circulating
blood volume that would predispose the child to circulatory
collapse.
Critical Care Management. Care of the thrombocytopenic patient is augmented to prevent breaks in skin
integrity or increased risk of spontaneous bleeding. Administering platelet transfusions to maintain a platelet count
above 20,OOO/mm 3 seems to be an accepted practice for
pediatric patients. Table 2S-1 provides guidelines for
platelet transfusion in the pediatric oncology patient.
However, despite these guidelines, indications for platelet
transfusions remain a subject of great debate in the pediatric

literature. Because most instances of intracranial hemorrhage seem to occur with platelet counts lower than
SOOO/mm 3 , proponents of prophylactic platelet transfusions
believe that maintaining a platelet count of greater than
20,OOO/mm 3 provides a degree of protection against catastrophic events. 23 Opponents, on the other hand, advocate
that transfusions are reserved for children with platelet
counts either below SOOO/mm 3 or between SOOO and
20,OOO/mm 3 who present with warning signs, such as
sudden increases in cutaneous bleeding, oral blood blisters,
or retinal hemorrhage. 23

Typhlitis
Children with malignancy may develop an acute abdomen
for much the same reasons as children without malignancy.
However, in the majority of cases, acute abdomen in these
children is directly related to the underlying malignant disease. Immunodeficient states put these children at the unique
risk of developing esophagitis, gastric hemorrhage, perirectal abscess, hemorrhagic pancreatitis, or acute hepatic enlargement from tumor. 3. 8 Other causes of GI complications
include complications of therapy, such as chemotherapyinduced ileus, and direct or indirect effects of tumor mass,
such as obstruction by a tumor or metastatic involvement of
the GI tract. One of the most worrisome abdominal processes unique to the immunodeficient host is typhlitis.
Pathogenesis. Typhlitis is a necrotizing colitis in the
cecum that typically occurs after administration of chemotherapeutic agents or disease- induced neutropenia. Although
it is most often associated with treatment for leukemias,
typhlitis may occur in any neutropenic patient. The pathophysiology appears to be multifactorial, involving loss of
bowel wall integrity, invasion of the cecal mucosa by
bacteria (most commonly Clostridium septicum or gramnegative bacteria such as Pseudomonas aeruginosa), and
decreased host immune defenses. This sequence of events
leads to bacteremia, and bowel wall inflammation, progressing to necrosis, fUll-thickness infarction, hemorrhage, and
potential perforation. 3 . 24 ,25
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25-2 Causes of Acute Renal
Impairment in the Child With
Malignancies

Box 25-4

TABLE

Criteria for Surgical Intervention in Typhlitis

Surgical intervention should be considered in the following four
circumstances:
I. Persistent gastrointestinal bleeding despite resolution of
neutropenia and thrombocytopenia and correction of
coagulation abnormalities
2. Evidence of free intraperitoneal perforation
3. Clinical deterioration requiring support with vasopressors
or large volumes of fluid, suggesting uncontrolled sepsis
from intestinal infarction
4. Development of symptoms of an intraabdominal process,
which, in the absence of neutropenia, would normally
require surgical intervention

!l:!;"

~himary Causes

Secondary Causes

,;00. ••

Ii"

\1'f). Renal tumor
~;h-

I;:~t;4: ~~~~~~:~toi:s:;2~~

Renal vessel obstruction

~5. Tumor Lysis Syndrome

~6. Paraneoplastic syndrome
~--.

fi,7. Hypertension

I. Chemotherapeutic/supportive
agents
Cyclosporine A
Cisplatin
Methotrexate
Amphotericin B
Ifosfamide
2. Radiation therapy

iF'

From Shamberger RC, Weinstein HJ, Delorey Met a1: The medical and surgical
management of typhlitis in children with acute myeloid (myelogenous)
leukemia, Cancer 57:603. 1986.

Clinical Presentation. Right lower quadrant pain is
typically the first presenting symptom of typhlitis. For this
reason, typhlitis is suspected in all children with malignancy
who present with such pain. Fever mayor may not be
present. Other signs and symptoms include nausea, vomiting, or watery or bloody diarrhea. Blood cultures may be
helpful in identifying causative organisms and directing
therapy. However, diagnosis is typically based on physical
examination and imaging studies, with computed tomography and ultrasonography providing the most sensitive
identification of typhlitis. 25 .26
Critical Care Management. Treatment of typhlitis is
centered around medical management with the administration of broad-spectrum antiinfectious agents?4.26 Surgical
intervention is controversial, with mortality rates ranging
from 20% to 100%.3 Because of the potential increase in
mortality, specific criteria for surgical intervention have
been recommended (Box 25-4). If left untreated, typhlitis
will progress to overwhelming sepsis and death.

COMPLICAnONS OF SOLID TUMORS
Acute Tumor Lysis Syndrome
Although renal failure in the child with malignant disease
may result from a variety of primary and secondary causes
(Table 25-2), one of the most dramatic causes of renal failure is acute tumor lysis syndrome (ATLS). ATLS results
directly from malignant cell degradation and the inadequate
ability of the kidneys to excrete the large quantities of uric
acid, phosphorus, and potassium released during cell lysis.
The syndrome, consisting of a metabolic triad of hyperuricemia, hyperkalemia, and hyperphosphatemia, is most commonly associated with the presence of rapidly proliferating
tumors, such as Burkitt's lymphoma and T-cell leukemia!
lymphoma. 27 .28 Patients most at risk for developing ATLS
are those who present with bulky abdominal tumors (such as
with Burkitt's lymphoma), elevated serum uric acid and
lactic dehydrogenase levels before treatment, and oliguria.

Serum uric acid levels may be elevated because of obstructive uropathy, whereas lactic dehydrogenase levels may be
elevated because of decreased venous return resulting from
compression by the tumor mass 22 .29 Oliguria before treatment is most often caused by tumor obstruction.
Pathogenesis. ATLS may occur either before therapy, as a result of spontaneous cell lysis, or it may occur I to
5 days after initiation of specific cytotoxic chemotherapy.8.27 Chemotherapy administration causes a profound
lysis of malignant cells in tumors with high growth
fractions, such as Burkitt's lymphoma, which has a doubling
time of anywhere from 38 to 116 hours. 3 Cell lysis causes a
rapid release of the intracellular components uric acid,
phosphorus, and potassium, all of which are nonnally
excreted by the kidney. Elevated uric acid, or hyperuricemia, results from the breakdown of nucleic acids from the
cells and the resultant release of purines. Uric acid, which
may also be promoted by lactic acidosis secondary to poor
tissue oxygenation in patients with high leukocyte counts,
precipitates in the collecting ducts and renal tubules, leading
to decreased renal clearance. 3 .7
Hyperphosphatemia occurs as a result of the release of
phosphates during tumor cells lysis. Lymphoblasts have up
to four times the phosphate content of nonnal lymphocytes. 3 •22 Hyperphosphatemia causes both precipitation of
calcium phosphate salts (which precipitate in the renal
tubules), and a resultant hypocalcemia. These huge quantities of intracellular metabolites released during cell lysis, in
addition to the precipitation of both uric acid and calciumphosphate salts in the renal system, overwhelm the ability of
the kidneys to clear them, leading to acute renal failure. 4.7
The third part of the metabolic triad, hyperkalemia,
occurs because of the release of potassium from the cells
during tumor lysis and is accentuated by the onset of renal
failure and the presence of acidosis. 22 Hyperkalemia is an
ominous sign, placing the child at risk for life-threatening
ventricular dysrhythmias and possibly cardiac arrest.
Clinical Presentation. Early recognition of the metabolic abnonnalities and renal failure associated with ATLS
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Clinical Manifestations of Acute Tumor Lysis Syndrome
Hyperphosphatemia

Hypocalcemia (resultant)

Hyperkalemia

Pruritic tissue changes
Inflammation of the eyes and joints

!t~,\

Anorexia
Vomiting
Cramps
Tetany
Altered level of consciousness
Neuromuscular irritability
Seizures
Lethargy
Numbness
Tingling of the extremities
Prolonged QT intervals

Muscles weakness
Paresthesia
Nausea
Diarrhea
Abdominal cramps
Acidosis
Asystole
Elevated T waves
Prolonged PR intervals
Depressed ST segments
Widened QRS

is crucial to preventing possible life-threatening complications. Clinical manifestations reflect these metabolic abnormalities and are outlined in Table 25-3.
Diagnostic evaluation begins with laboratory analysis,
including a CBC with differential to monitor the leukocyte
count, serum chemistries (including sodium, potassium,
chloride, bicarbonate, calcium, phosphorus, uric acid, blood
urea nitrogen, and creatinine), and urinalysis. An ultrasound
of the abdomen and retroperitoneum is performed immediately if abdominal mass lesions or renal failure are
present. 3.4 Continuous ECG monitoring of children with
ATLS will signal widened QRS complexes or peaked
T waves characteristic of hyperkalemia. However, in the
presence of high leukocyte counts, serum potassium levels
may be falsely elevated because of spontaneous lysis of
leukocytes, platelets, and erythrocytes. This pseudohyperkalemia differs from true hyperkalemia in that there are no
ECG changes, and actual potassium concentrations may be
determined from plasma analysis rather than serum. 3
Critical Care Management. The key to management of patients at risk for ATLS is prevention and early
identification of those who are most at risk for its development. Children with identified risk factors for renal failure resulting from ATLS may be admitted to the ICV
for early intervention, either before or after initiation of
chemotherapy.
Prevention of renal failure in children with normal urine
output, regardless of serum uric acid levels, involves
hydration, alkalinization, and allopurinol administration 3 .27
Hydration is achieved with the administration of crystalloids
(normal saline or D5W.45NS) at two to four times that of
maintenance fluid, roughly 3000 mllm 2 /day. Such aggressive fluid replacement serves to maintain hydration as well
as enhance renal excretion of uric acid and phosphates.
Sodium bicarbonate is added to maintenance fluids to
increase urine pH and limit or prevent the formation of uric
acid crystals in the collecting ducts that normally would
occur in an acidic environment. Alkalinization is adequately
achieved when urine pH is between 7.0 and 7.5, and is
discontinued when uric acid levels are normalized, usually
within 24 hours of starting therapy.3,27 If levels have not
normalized within this timeframe, bicarbonate administra-

tion may continue, but only until chemotherapy is started to
prevent the phosphates released during tumor lysis from
precipitating as calcium phosphate salts in the kidneys.4,7
Over-alkalinization to a urine pH greater than 7,5 may
aggravate symptoms of hypercalcemia by shifting ionized
calcium to its non-ionized form. 22 Because of the increased
risk of hyperkalemia, potassium is not added to the
hydration fluid, Diuretics may be administered to maintain
a urine output of at least I mllkg/hour,
Allopurinol is administered to decrease uric acid production. It accomplishes this by inhibiting the enzyme xanthine
oxidase, which is responsible for the formation of uric acid
from the purine breakdown products hypoxanthine and xanthine. 3.3o However, because allopurinol is excreted solely by
the kidneys, doses are decreased if renal failure develops.
Hyperphosphatemia may be prevented by the oral administration of binding resins such as aluminum hydroxide, which
enhances phosphate excretion in the stool. Calcium supplements are used with caution because an increase in serum
calcium while the patient is hyperphosphatemic may accelerate calcium-phosphorus precipitation. 3.22
For children presenting with oliguric renal failure and
increased serum uric acid levels, management is centered on
treatment of acute renal failure. Renal obstruction is ruled
out before initiating therapy. Once obstruction is ruled out,
and the child's volume status is determined, definitive
treatment may begin with the initiation of renal replacement
therapy (RRT). Choice of RRT will be dependent on the
child's hemodynamic stability and the severity of metabolic
abnormalities. 4.8.27
Immediate intervention for hyperkalemia is necessary if
serum potassium levels are greater than 6.5 mEqlL or
characteristic ECG changes occur. Chapter II outlines the
appropriate management of hyperkalemia. Emergent dialysis may be necessary in situations in which hyperkalemia
and renal failure cannot be managed with the measures
described. It may also be used in cases when neurologic
symptoms develop.3.4.7 Regardless of the presence of renal
failure, certain interventions are important for the management of any child with ATLS. Hemodynamic monitoring,
including arterial and central venous pressure monitoring is
necessary to guide and monitor fluid therapy. In the presence
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of renal failure and/or cardiopulmonary dysfunction, placement of a pulmonary artery catheter may be useful in
monitoring fluid balance for complications of aggressive
hydration, such as congestive heart failure or pulmonary
edema. 4 Additional nursing interventions are similar to
those for critically ill children who are experiencing acute
renal failure from any cause. Attentive monitoring includes
hourly urine outputs, urine pH and urine specific gravity
with each void, and frequent electrolyte levels (at least every
4 hours for the first 24 hours, and then every 6 to 8 hours).
Because ATLS often occurs in the presence of a high
leukocyte count, some practitioners have advocated the use
of leukopheresis, exchange transfusions, or low-dose steroids as treatment modalities to reduce the consequences of
massive tumor lysis. However, these modalities have not
been subject to any controlled analysis and are therefore not
recommended as standard therapy3

."......-

Superior Vena Cava Syndrome/Superior
Mediastinal Syndrome
The presence of thoracic tumors may pose a variety of
severe complications in the child with malignancy. Most
commonly, these complications are related to the presence
of anterior mediastinal masses. Anterior mediastinal masses
occur most commonly in children with metastatic diseases,
such as Hodgkin's disease and non-Hodgkin's Iymphomas?2 Other related malignancies include acute T-cell
lymphoblastic leukemia, mediastinal granulomas, neuroblastoma, rhabdomyosarcoma, and Ewing's sarcoma?'?
Pathogenesis. Two distinct clinical syndromes have
been associated with the presence of anterior mediastinal
masses: superior vena cava syndrome (SYCS) and superior
mediastinal syndrome (SMS). SYCS develops because of
either extrinsic compression of the superior vena cava
(SYC) by tumor invasion into surrounding anatomic structures, or by intrinsic obstruction of the SYC from tumor or
thrombotic complications of venous access devices 4 .22 True
SYCS without tracheal compression is a relatively rare
condition in children, occurring in approximately 12% of
children with malignant anterior mediastinal tumors at
presentation) (Fig. 25-4). More often, anterior mediastinal
tumor masses cause not only compression of the SYC, but
concomitant compression of the trachea or mainstem
bronchus and life-threatening airway obstruction. This
combination of SYCS and airway obstruction is termed

superior mediastinal syndrome.)
Both the SYC and pediatric airway are very susceptible
to obstruction and do not resist extrinsic mechanical com-

pression. The SYC is a thin-walled, potentially collapsible
vessel with a relatively low intraluminal pressure that is
located within a tight compartment formed by the mediastinum and sternum. The location of the lymph nodes, which
surround the SYC, and the thymus may also cause compression of the vena cava when involved with tumor or infection.3.4·22 Similarly, the pediatric airway is small and compliant, making it highly vulnerable to collapse if compressed
by a mediastinal mass. In addition, certain nonneoplastic
states, such as infection or bleeding into the retropharyngeal
space, may lead to tracheal compression or obstruction?·8

Fig. 25-4 Superior mediastinal mass with SVCS in a child with
lymphosarcoma.

Because of the close proximity of the SYC to the trachea
and other airway structures, the potential for SYCS or SMS
should be considered in all children presenting with anterior
mediastinal masses until proven otherwise. In SYCS, both
compression and obstruction of the SYC decrease venous
return from the head, neck, and upper thorax. The decrease
in venous return leads to a decrease in ventricular volume
and filling pressures, which in turn leads to a decrease in
ventricular output, creating a cycle of cardiac compromise
and shock. 4 .7 However, the onset of pronounced cardiac
compromise and shock may be varied in the pediatric
oncology patient. Similarly, compression of the pediatric
airway leads to inadequate oxygenation and ventilation,
progressing from respiratory distress to complete respiratory
failure.
SYCS or SMS resulting from rapidly growing tumors
may demonstrate a rapid onset of signs and symptoms. Yet,
if the obstruction has occurred over time, such as with a
slow accumulation of blood around the SYC or compression
or invasion by a slow-growing tumor, collateral blood flow
may have developed to allow for some degree of venous
return. The child may be able to compensate for some time
with collateral blood flow, yet eventually this flow will
prove ineffective and the child will exhibit more pronounced
symptoms of SYCS 3 Inadequate venous drainage from the
head and the development of cerebral edema may cause
seizures and increased ICP3.4.?
Clinical Presentation. Clinical manifestations of
SYCS and SMS are dependent on both the degree and
duration of obstruction. If the compression has increased
slowly over time, signs and symptoms of these syndromes
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may be more subtle and difficult to attribute to an exact
cause. Presenting signs and symptoms may be tachypnea,
wheezing, cough, and stridor. Acutely, a child may present
with fever, cough, and mild shortness of breath, progressing
to signs and symptoms of respiratory distress. Additional
clinical manifestations for both rapid or insidious onset
include hoarseness, dyspnea, chest pain, diaphoresis, jugular
venous distension, upper extremity edema, conjunctival
edema, and plethora and cyanosis of the face, neck, and
upper extremities.3· 7 •22 Fullness may be noted in the brachial
veins if the right arm is raised above the chest and evidence
of collateral venous circulation on the chest and abdomen
may also be present when SVCS develops over time.
Critical Care Management. SVCS and SMS are
potentially life-threatening emergencies that require prompt
diagnosis and recognition of signs and symptoms. In
emergent cases, diagnosis of SVCS or SMS is possible
through the history and physical examination, with confirmation via chest radiograph. If time allows, a CT scan or
magnetic resonance imaging (MRI) scan of the chest and/or
echocardiographic imaging assists in determining both the
location and extent of the tumor, as well as the degree of
obstruction. In addition, venograms may be useful if SVCS
is thought to be caused by a suspected thrombus within a
central catheter. 3,4,22
A CBC yields helpful information and is the least
invasive means of determining whether or not a leukemialymphoma syndrome exists. Diagnosis is attempted by the
least invasive means possible. A histopathologic diagnosis
via bone marrow biopsy or tumor biopsy is obtained as soon
as possible to initiate definitive treatment. However, in an
emergent situation in which airway compromise or cardiovascular instability may be present or impending, the
risk-versus-benefit ratio is assessed before performing such
procedures.
Initial management is centered on maintaining airway
patency and cardiovascular stability. The aggressiveness of
initial management is dependent on the child's presenting
clinical condition. The child is positioned in a semi-Fowler
position to improve gas exchange with supplemental oxygen administered as needed. 7 However, intubation and
mechanical ventilation may be required to protect the
airway against potential or actual obstruction until the tumor
bulk decreases. Children with SVCS or SMS are at a much
higher risk for complications, including death, during
intubation. They may suffer respiratory and/or cardiac arrest
when placed in a supine position for sedation and/or
anesthesia caused by further impedance of venous return
and airflow. 3 ,7.22
Neuromuscular blockade agents are avoided during
intubation of the child with actual or potential airway
obstruction, because the child will be unable to breathe
spontaneously should the practitioner not be able to pass the
endotracheal tube past the level of obstruction. In addition,
general anesthesia causes an increase in abdominal muscle
tone, a decrease in respiratory muscle tone, diminished lung
volumes and bronchial smooth muscle relaxation, and
absent caudal movement of the diaphragm. These changes
may exacerbate the effects of extrinsic compression of the
vena cava and airway. 3 General anesthesia is avoided
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whenever possible, and reserved for use with difficult
intubations. 3.8 Halothane is the preferred inhalational anesthetic agent for intubation of a child with a mediastinal mass
and severe airway obstruction. 8 Furthermore, in cases of
critical airway obstruction, elective or emergent intubation
is best achieved via fiberoptic bronchoscopy because the
bronchoscope may more easily be guided past the level of
obstruction, with the endotracheal or nasotracheal tube
being inserted over the bronchoscope.
Radiation therapy and chemotherapy tailored to the
histopathologic reports are the primary and preferred modes
of treatment. However, in emergent situations involving
airway compromise, empiric radiation therapy and/or chemotherapy may be instituted. 3 .22 In addition, surgical
removal or debulking of the tumor mass may be warranted.
Steroids may be given for cytoreduction of the tumor and to
reduce inflammation caused by tumor invasion or compression, providing symptomatic reliee· 22 Thrombolytic therapy is instituted in those situations when SVCS is associated
with intracaval thrombosis. Lange and colleagues describe
success with infusion of urokinase at 200 mg/kg/hour3
Frequent and careful assessment of cardiopulmonary
function is key to the management of the child with SVCS
or SMS. In addition, because of the risk of cerebral edema
and neurologic compromise, frequent neurologic assessment, including pupil size and reactivity, and level of
consciousness are performed. If swelling of the upper
extremities exists, the upper extremities are elevated to
promote venous return and the lower extremities are used
for venous access and blood pressure measurements.
Diuretics, if ordered to reduce edema, are administered with
caution to prevent dehydration and further decrease in blood
flow and cardiac output.

Spinal Cord Compression
Spinal cord compression (SCC), while typically not lifethreatening to most patients, causes severe neurologic
morbidity. Prolonged cord compression may cause irreversible paralysis, sensory loss, and sphincter incompetence. 22
Primary spinal cord tumors are rare in children. More often,
SCC is due to extrinsic tumor or metastatic tumor involvement that erodes the spinal column. Occasionally, the development of a spinal dural bleed related to lumbar puncture in
a thrombocytopenic patient may cause signs of compression.3,8 Lange and associates report that 4% of children with
cancer develop spinal cord dysfunction, usually related to
tumor compression. 3
Pathogenesis. Most SCC in children with cancer is
due to epidural compression from extension of paravertebral
tumor through the intervertebral foramina 22 (Fig. 25-5).
Metastatic spread to the cord parenchyma, as well as
secondary edema and ischemia, may also injure the spinal
cord. Metastatic spinal cord disease in children is most
commonly associated with sarcomas; however, neuroblastomas, lymphomas, leukemias, Wilms' tumor, or primary
tumors of the CNS have also been implicated. 3 •4 .8 Although
most SCC occurs during the terminal metastatic phase of
disease, it may be a presenting symptom in neuroblastomas
or lymphomas.
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Metastatic tumor at T9 with epidural disease and

sec.

Clinical Presentation. Signs and symptoms of SCC
are dependent on tumor location and the age of the child.
Back pain, both localized and radicular in nature, is seen in
up to 80% of children with SCC and may be exaggerated by
activities such as coughing and sneezing, straining, flexion
of the back, and leg raising. 4 ,22 Motor weakness is common,
yet rarely a presenting symptom. Sensory deficits are seen
less often, or when present are difficult to document,
especially in young children. 22 When present, sensory losses
typically manifest as numbness, tingling, and loss of sensation. Identification of the level of sensory loss may help
determine the extent of spinal cord involvement. Changes in
bowel or bladder habits may also indicate spinal cord involvement, typically below the level of the second lumbar
vertebrae 4
Critical Care Management. Any child with neoplastic disease and complaints of back pain is presumed to
have SCC until proven otherwise. Diagnostic evaluation
includes obtaining spine radiographs. although fewer than
half of children with SCC present with abnormal films.
Although lumbar myelography was the most useful diagnostic tool for SCC, MRI is now the diagnostic study of
choice for detemlining tumor location and the degree of
cord block. 22
Children presenting with back pain and neurologic
deficits or a history of progressi ve spinal cord dysfunction
receive an immediate intravenous bolus of dexamethasone
at a dose of I to 2 mg/kg, followed by emergent MRI study.
If there are no signs of neurologic deficit, nor signs of

progression of mild deficits, a lower dose of corticosteroids
is administered, followed by MRI study within 24
hours. 3.4.22 If the SCC is thought to be epidural in origin, the
spinal cord is decompressed immediately. Decompression
may be achieved via administration of high-dose dexamethasone, followed by emergent radiation therapy or surgical
decompression. Although there are no studies to support one
therapy over the other, both radiation therapy and surgical
intervention have unique benefits. Some tumors, such as
lymphomas and neuroblastomas, are particularly radioresponsive, providing a less invasive mode of treatment. On
the other hand, surgical decompression may be useful in
identification of tumor histology.3,4 Once tumor histology is
identified, the administration of tumor-specific chemotherapy may be of benefit.
Initial care of the child with SCC is centered on relief of
the compression by the methods discussed above. In
addition, adequate pain assessment and management is
necessary because SCC may be very painful. Once spinal
cord decompression is achieved, patient management is
similar to the care of any child with spinal cord injury.
Chapter 28 provides complete information on the unique
care needs of the child with spinal cord injury. The
prognosis for children with SCC typically reflects the level
of involvement at the time treatment is initiated. Patients
who are ambulatory upon presentation usually remain
ambulatory. However, although most adults who present
nonambulatory rarely regain function, more than half of
children presenting non ambulatory regain the ability to walk
after emergent intervention 3 .22

COMPLICATIONS OF LEUKEMIC DISEASE
Childhood leukemias may be classified as either acute or
chronic malignancies, and are thought to be due to the
malignant transformation of a single abnormal progenitor
cell with the ability to expand by indefinite self-renewal.31
The causes of this transformation are highly complex,
multifactorial, and are not yet fully understood. There are
both different types and subtypes of acute and chronic
leukemias, which are thought to occur as the malignant
transformation occurs at various points along the myeloid or
lymphoid stem cell lineages.

Hyperleukocytosis
Hyperleukocytosis is defined as a peripheral WBC count
exceeding 100,000/mm3 •3 The high numbers of circulating blasts cause capillary obstruction. microinfarction,
and organ dysfunction. Leukocyte counts greater than
300,OOO/mm3 are associated with a high risk of morbidity
and mortality. Hyperleukocytosis is most often associated
with the myeloid leukemias, as compared with the lymphoid leukemias. Lange and colleagues describe hyperleukocytosis as occurring in 9% to 13% of children
with ALL, in 5% to 22% of children with acute nonlymphoblastic leukemia (ANLL), and in most children
with chronic myelogenous leukemia (CML) in chronic
phase. 3
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Pathogenesis. The complications of hyperleukocytosis occur as sequelae of leukostasis, which causes increased
blood viscosity and impaired blood flow to many organ
systems. The aggregation of blast cells causes sludging in
the vascular system. Thrombus formation occurs as a result
of plasma being trapped between large blast cells. Although
this disruption to blood flow may occur in any organ system,
the small vessels of the lung and brain are most at risk for
devastating effects of hyperleukocystosis. 3 .7 .22
Leukostasis in the capillary beds of the brain or lung can
cause life-threatening complications. In the cerebral vasculature, local cell proliferation damages cerebral vessels,
leading to intracerebral hemorrhage and thrombus formation. In the lungs, alveolar damage occurs as blast cells
degenerate in the pulmonary vessels and interstitium,
releasing their intracellular contents. Respiratory failure
may ensue because of decreased numbers of functional
alveoli. Lactic acidosis may occur because of the poor
perfusion at the microcirculatory level, with resultant
anaerobic metabolism of the blast cells. And finally,
impairment of renal blood flow may lead to the same
metabolic consequences as previously discussed for ATLS,
namely hyperuricemia, hyperphosphatemia, hyperkalemia,
and potential renal failure.J· 22
Clinical Presentation. The clinical presentation is
most often manifested in the pulmonary system and CNS,
although presenting symptoms may be subtle or indistinguishable from other clinical states. Signs and symptoms are
generally dependent on the area of microcirculatory involvement. Pulmonary leukostasis can lead to a variety of
clinical manifestations, from dyspnea to cyanosis and
hypoxia requiring intubation. Both hypoxemia and lactic
acidosis may be present and identified via laboratory
analysis. CNS involvement may be observable by mental
status changes progressing from agitation and confusion to
delirium or stupor. Signs of increased ICP, such as blurred
vision, ataxia. retinal distention, or papilledema. may also
be present]
Diagnostic evaluation for children with suspected hyperleukocytosis includes a CBC with clotting times, arterial
blood gas analysis, chest radiograph, and CT scan. In
addition, a venogram or arteriogram may be performed if
vessel thrombosis is suspected.
Critical Care Management. Because of the potential for devastating CNS or pulmonary injury, establishment
and maintenance of effective oxygenation, ventilation, and
perfusion should immediately occur, especially in children
with WBC counts of greater than 300,000/mm 3 Treatment
for hyperleukocytosis is aimed at rapidly reducing the
number of circulating leukocytes. Management includes the
immediate institution of hydration, alkalinization, and
allopurinol administration, as discussed in ATLS management, as well as the prompt initiation of specific cytoreductive therapy.J.7·22 Cytoreductive therapy is discussed at the
end of this section.
As with any child with an oncologic disorder, these
children may require platelet and red blood cell (RBC)
transfusions. Platelet transfusions are administered when the
platelet count falls below 20,000/mm 3 to minimize the risk
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of cerebral hemorrhage. Platelets are not known to significantly increase blood viscosity. However. RBC transfusions
are used cautiously because this therapy may cause a further
increase in blood viscosity, precipitate leukostasis, and lead
to further organ dysfunction. It is often recommended that
RBC transfusions be given only for hemoglobin levels less
than 7 to 8 g/dl. Hemoglobin levels should not be raised to
greater than IO g/dl. 3.22
The approach to treating the child with a potentially fatal
WBC count remains controversial. Leukopheresis is one
treatment modality that is thought to be beneficial in
reducing a large tumor cell burden and decreasing the
metabolic load on the kidneys. Advocates of this form of
therapy believe it may reduce the WBC count by 20% to
60% while waiting for the effects of cytoreductive therapy
to occur7 .22 The disadvantages of leukopheresis include the
need for anticoagulation therapy to perform the procedure
and risk of bleeding, as well as difficulty obtaining vascular
access in small children, and the limited availability and
expertise for this intervention in many institutions. In small
children, exchange transfusion is often less difficult than
leukopheresis and may be performed instead. However, as
with leukopheresis, there are no studies to support the
effectiveness of either of these therapeutic modalities. 22
Some centers also recommend the use of emergent cranial
irradiation to prevent intracranial hemorrhage.
Children with leukostasis require careful pulmonary and
neurologic assessment for the development of complications
such as respiratory failure and cerebrovascular accident. In
addition, hematologic laboratory data is monitored frequently. Ventilatory management may be needed in situations of severe neurologic or respiratory deterioration.
There are various types of childhood leukemias and
current therapies for each malignancy. Numerous treatment
protocols exist for childhood leukemias. Both single and
a variety of multiple drug regimens have been developed
to treat childhood leukemias, with the choices of drugs
being highly dependent on the type of leukemia being
treated. However, despite the wide variety of chemotherapeutic drug regimens available, the common goal in the
treatment of childhood leukemias (particularly those presenting with hyperleukocytosis) is to induce and maintain remission, or lack of evidence of disease. The ability
to achieve complete remission quickly and to maintain
remission is directly correlated to overall prognosis and
degree of long-term survivability.) 1 Because of the desire to quickly induce remission, a child presenting with
hyperleukocytosis may require the administration of chemotherapeutic agents while in the PICD. Because the
administration of chemotherapeutic agents requires specialized training, the critical care nurse collaborates with
pediatric oncology specialists and is aware of institutional regulations regarding the administration of cytotoxic
agents.
An example of cytoreductive therapy during the induction phase of treatment of ALL is the administration of
vincristine and prednisone. This combination induces remission in approximately 85% of children with ALL. However,
the addition of L-asparaginase, an anthracycline (such as
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daunorubicin), or both has been shown to improve the rate
of remission from induction therapy to 95%?1
Although certain side effects, or toxicities, are inherent to
particular chemotherapeutic agents, there are several common toxicities that may manifest after the administration of
all chemotherapeutic agents. Even though chemotherapeutic
agents are meant to target malignant cells, they most often
cannot differentiate normal host tissue cells from malignant
cells. Certain normal host tissue cells, such as bone marrow
and mucosal epithelial cells, are particularly sensitive to the
cytotoxic effects of chemotherapeutic drugs, even when
these drugs are given in therapeutic doses. Common toxic
effects, because of this increased tissue sensitivity, include
myelosuppression (with resultant pancytopenia), nausea and
vomiting, alopecia, both oral and intestinal mucositis, and
liver dysfunction. 32 Ongoing research is focused on minimizing toxic effects of chemotherapeutic agents through the
development of new chemotherapy drugs and newer therapeutic means for blunting these toxic responses.

COMPLICATIONS OF BONE MARROW
TRANSPLANTATION
Special Considerations in the Bone Marrow
Transplant Patient
BMT is a burgeoning therapy that is no longer reserved
for the treatment of hematologic and oncologic malignancies. Clinical trials have either been conducted, or are in
progress, to study the efficacy of BMT for a wide variety of
nonneoplastic diseases, such as severe aplastic anemia,
chronic granulomatous disease, severe combined immunodeficiency, and autoimmune diseases, such as multiple
sclerosis, systemic lupus erythematosus, and juvenile rheumatoid arthritis. 33 . 35 In addition, although the term "BMT"
is still used as a general term to describe the collection of
hematopoietic precursor cells from bone marrow, these cells
may also be obtained from peripheral blood stem cells
(PBSC) or umbilical cord blood (VCB). These newer
methods of transplantation are used in the hopes of
preventing some of the complications of traditional BMT.
Discussion of the differences between these newer methods
is beyond the scope of this chapter. Recognizing the vast
complexity of state-of-the-art transplantation, this section
will review fundamental principles of BMT and common
complications associated with BMT.
There are two primary forms of BMT: allogeneic and
autologous. A third form of transplant is a syngeneic
transplant from an identical twin. Allogeneic transplantation
occurs when a designated donor contributes healthy bone
marrow, PBSCs or VCB to a patient with malignancy. The
preferred donor is a human leukocyte antigen (HLA)matched sibling, although unrelated HLA-matched donors
matched through an international registry or unmatched
related donors may be used. In order to accept the donor
marrow or cells, a sufficient degree of immunosuppression
must be provided to prevent acute rejection of the cells and
allow a "graft" to occur. This immunosuppression occurs
via a "conditioning" or "preparative" regimen in which the

patient's own marrow is either partially or fully ablated
using high-dose chemotherapy, with or without total body
irradiation (TBI).8.36 Once the patient's marrow is ablated,
the donor's marrow is intravenously administered to the
recipient with the hope that the donor's cells will engraft and
eventually become the patient's new marrow. Simply stated,
engraftment refers to the point at which the donor cells have
sufficiently established themselves as the patient's new
hematopoietic system. The point of engraftment is determined by laboratory analysis ofthe recipient's marrow, with
the exact number of cells required for engraftment dependent on the underlying disease and type of transplantation
performed. After transplantation, the recipient's hematopoietic system may be completely from the donor (known as
donor chimerism), completely from the recipient (known as
graft rejection with autologous recovery), or a mixture of
donor and recipient cells (referred to as mixed chimerism).
The most favorable outcomes occur with donor chimerism;
however, some degree of mixed chimerism may be present
with a clinical remission of disease??
Autologous BMT refers to the process in which patients
donate their own bone marrow or PBSCs for use later in
their treatment. This form of BMT is typically used for
patients with lymphomas or solid tumors.8.36.38 Preferably,
the marrow is collected when the patient is in complete
remission. Once collected, the marrow may be treated in the
laboratory with specific antitumor monoclonal antibodies or
selected chemotherapeutic agents, and then is cryopreserved. After receiving the conditioning regimen, the
patients' marrow is thawed and intravenously administered
back to the patient.8.36
Complications of allogeneic BMT include infections,
respiratory failure resulting from infectious or noninfectious
pneumonitis, acute and chronic graft-versus-host diseases
(GVHDs), and veno-occlusive disease (VOD).8.36 Although
autologous BMT does not have the same complications
associated with allogeneic BMT, it is associated with a
higher rate of recurrent disease.

Infection
Infection is the leading cause of morbidity and mortality in
patients who have undergone a BMT. The risk of lifethreatening infections is most worrisome during the first
3 months after transplantation, with the greatest risk
occurring during the first month. As the transplanted marrow
engrafts, the immune system recovers. Mature blood cells
are usually produced within 3 to 4 weeks. The initial month
of severe neutropenia is typically characterized by bacterial
and candidal infections 36 Vigilant attention to both the
prevention and prompt recognition of infections is crucial
during this time of pancytopenia and increased susceptibility (see Box 25-1 for a review of assessment parameters and
care considerations for the child with neutropenia and
thrombocytopenia). Although the use of full-protective
isolation for allogeneic transplant patients has fallen out of
favor, many facilities require the use of hepafilter rooms
for fully ablated BMT patients during the first month
posttransplant.
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In the 1- to 3-month period after transplantation, infections from viruses, fungi, and protozoans develop, especially in patients with GVHD. Serious viral infections, particularly as a result of CMV or reactivated herpes simplex
virus, are a major concern. The risk of infection progressively declines 3 months after transplantation. Autologous
BMT patients and allogeneic BMT patients without chronic
GVHD are at a lower risk of infection. However, allogeneic
BMT patients who have developed chronic GVHD are at
great risk for recurrent bacterial infections.3 6 Prophylactic
antiinfection medications are typically administered to
transplant patients as discussed earlier in this chapter.

Pulmonary Complications
Pulmonary complications occur in approximately 10% to
15% of pediatric BMT patients. 39 These complications are
often described according to the time that they occur in the
transplant process. Initially, lung damage may occur as a
sequelae of the conditioning regimen, most commonly as
a result of the irradiation. The lungs, more specifically
the interstitium, are particularly sensitive to the cytotoxic
medications and irradiation used during conditioning. 39 Scar
tissue may form in the interstitial space during the healing
process, interfering with gas exchange and respiratory
mechanics.
As with other infections, the most common pulmonary
infections during the first month posttransplantation manifest as gram-negative bacterial or fungal pneumonias.
Pulmonary edema, associated with pulmonary endothelial
cell damage caused by chemotherapy and radiation, is
another respiratory complication that can occur in the
second and third week after BMT. During the l- to 6-month
posttransplant period, interstitial pneumonias are common.
Causative organisms during this time include CMV as well
as idiopathic lung problems. After 6 months, pulmonary
dysfunction can be related to chronic GVHD or continued
immunologic deficiencies. Bacterial pneumonias continue
to occur during this time.
The most common form of interstitial pneumonitis (lP)
used to be CMV infection. However, with the routine
administration of prophylactic ganciclovir, this incidence is
decreasing. Instead, the most current form of IP is now
idiopathic IF in which no causative organism can be
identified. This increase in idiopathic disease may represent
unrecognized infections or the toxic effects of chemotherapy
or radiation therapy that has been administered as part of the
conditioning regimen. 37
RSV infection is of particular concern in the pediatric
BMT patient. A major factor for morbidity and mortality
seems to be whether the RSV infection has progressed to the
lower respiratory tract or remains in the upper respiratory
tract. Mortality rates for BMT patients with lower respiratory tract RSV infection, progressing to respiratory failure,
ranges between 31 % and 100%. Mortality depends on
factors such as the choice of treatment used, when the
treatment was initiated, and whether or not the patient was
engrafted at the onset of infection and disease. 14 . I7
Regardless of the cause of respiratory dysfunction and/or
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failure, once mechanical ventilation is required, the risk of
morbidity and mortality significantly increases. Primary
pulmonary parenchymal disease, in the setting of multisystem organ failure and/or hemodynamic compromise, has
been associated with very high mortality rates in both adults
and children. 40.4 1 Price and colleagues report an 18.8%
survival rate for intubated BMT patients, compared with a
65.7% survival rate in nonintubated BMT patients. 42 Likewise, Huaringa and associates report an 18% survival rate in
adult BMT patients who developed pulmonary complications and required mechanical ventilation 43 Nichols and
colleagues reported a 9% survival rate for pediatric BMT
patients with respiratory failure. 44 Most recently, Keenan
and colleagues reported a 16% survival rate for intubated
pediatric BMT patients who survived for 30 days postextubation. 45 In addition, this study identified major risk factors
for death for pediatric patients undergoing mechanical
ventilatory support. The risk factors included respiratory
failure as the reason for intubation, the presence of
pulmonary infection, and impairment of more than one
organ system, and were associated with survival rates of 4%,
6%, and 2%, respectively. The authors further reported that
the 2% survival rate applied if more than one organ system
was dysfunctional 7 days after intubation, and that no
children in their study survived if the combination of acute
respiratory distress syndrome, hepatic failure, and renal
failure were present. 45

Acute Graft-Versus-Host Disease
Acute GVHD remains a significant cause of morbidity and
mortality after BMT. 46 This form of acute rejection occurs
in up to 80% of patients after allogeneic BMT. 8 .47
Pathogenesis. Although acute GVHD is defined as
occurring within the first 100 days of transplantation, it
typically manifests within the first 2 to 5 weeks after
transplantation. 47 This disorder, which primarily affects the
immune system, skin, liver, and GI tract, results from
allogeneic donor cytotoxic T lymphocytes recognizing the
immunocompromised recipient, or host, as foreign and
attempting to reject the host. 8 . 36.46 The severity of GVHD
seems to be directly related to the number of T cells
transferred during transplantation, to the degree of HLA
differences between donor and recipient, and to the degree
of immunocompromise in the recipient. 47
Clinical Manifestations. Manifestations of acute
GVHD may occur as early as I to 3 weeks after transplantation. Skin manifestations usually begin with a maculopapular rash involving the palms and soles, which is often
intensely pruritic. This rash may resolve spontaneously or,
in the most severe forms, progress to bullae formation, and
severe sloughing and desquamation of the skin. 36 •46
Liver involvement may range from minimal jaundice
and mild elevations in liver function test values to complete liver dysfunction; however, hepatic failure with
encephalopathy resulting from GVHD is rare. 36 Intestinal
manifestations include severe diarrhea, nausea, vomiting
and crampy abdominal pain. The diarrhea is commonly
green, watery, mucoid stool mixed with fecal casts formed
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25-4 Criteria for Severity Index for Acute Graft-versus-Host Disease
Liver Involvement

Skin Involvement
Stage
(Max.)
I

2
3
4

Extent
of Rash
<2S%
2S%-SO%
>SO%
Bullae

Stage
(Max.)

o
Or
Or
Or

Gastrointestinal Involvement

Total Bilirubin
(mglIOO mil

Stage
(Max.)

o

<2.0

1-2

2.0-6.0

3

6.1-1S.0

4

>IS.O

Or
Or
Or

1-2
3
4

Volume of
Diarrhea (mIIDay)
<SOO
SOO-ISOO
>ISOO
Severe pain and ileus

,I·.,·

Mffrom Rowlings PA, Przepiorka D, Klein JT et al: IBMTR Severity Index for grading acute graft-versus·hoS1 disease: retrospeclive comparison with
~fGlucksbcrg grade. Br J HaemalO/97:855-864, 1997.
~iAssign Index based on maximum involvement in an individual organ syslem.

by the mix of stool and sloughed intestinal cells. In 13% of
patients, the diarrhea may be accompanied by anorexia and
dyspepsia. 3M7
A histologic diagnosis is usually necessary to rule out
other causative factors for the clinical signs and symptoms,
including chemotherapy, radiation, or infection. Diagnosis is
accomplished by biopsy of the involved organ, although
liver biopsies are often not possible in the immediate period
following BMT because of severe thrombocytopenia. The
severity of GYHD is graded on a scale of I to IV based on
the extent of damage to the organ (Table 25-4). The original
grading system, based on criteria developed in 1975, was a
subject of debate in the transplant community because of
considerable interobserver variation. In 1997 the International Bone Marrow Transplantation Registry (IBMTR)
proposed revised guidelines for grading of GYHD, and
validated the guidelines through retrospective analysis,
although no analysis has been performed in the pediatric
patient. 48 For example, the volume of diarrhea must be
adjusted by body surface area. Nonetheless, these guidelines
are used for determining treatment and predicting outcomes.
Children presenting with grade II GYHD or above are at a
higher risk of developing life-threatening infections and
complications.3 6 .46
Critical Care Management. The preferred treatment
for GYHD is prevention. Matching the donor and recipient
at the major histocompatability complex significantly reduces the incidence of acute GYHD. However, even when
a sibling donor and recipient have fully matched HLA
typing, moderate to severe GYHD may still occur because
of the presence of minor transplantation antigens not
detectable by current typing technology.3M6 In addition,
patients needing BMT may not have a matched sibling
donor. The use of matched or mismatched unrelated donors
is increasing in frequency, although such transplants remain
controversial. Newer BMT protocols are attempting to use
T-depleted marrow, in which T-cells are removed from the
marrow before transplantation in an effort to reduce the
immunologic response in the recipient. 36,49,50 The T cells
may then be reinfused at a later time, especially if needed to
fight infection. However, the use of T-replete marrow has
been associated with a higher incidence of acute GYHD,
and the combination ofT-depleted and T-replete marrow has

an increase in graft failure compared with BMT from a
matched sibling donor. 50 This increased risk of graft failure
and relapse may be due to the immune-mediated antileukemic effect of GYHD. 51
The use of medications to suppress, remove, or inactivate
T lymphocytes is also important in prevention. Immunosuppressive agents may include MTX, cyclosporine (CSP), antithymocyte globulin (ATG), and prednisone 8 ,36 The use of
two agents, typically MTX and CSP, may result in significantly less acute GYHD and are generally administered for
at least several months posttransplantation. 8 .36 Prevention of
GYHD also includes the irradiation of all blood products
administered to transplant patients to prevent the transfusion
of active T lymphocytes from product donors.
Should GYHD develop despite prophylaxis, immunosuppression may need to be intensified. Mild (grade I) cases
may not always require intervention, but more extensive
disease typically involves both increasing the dose of
cyclosporine and the addition of methylprednisolone to the
MTX and CSP prophylactic regimen. In severe cases,
medications such as ATG or thalidomide may need to be
added, although studies have not yet proven their efficacy in
children with acute GYHD. R.52 Mehta and colleagues report
efficacy of thalidomide in at least 50% of children with
chronic GYHD, but little or no efficacy in children with
exclusively acute GYHD 52
The skin is assessed at least every 8 hours. In cases
of grade I and II GYHD of the skin, minor maculopapular rashes, dry skin, and itching can be treated with
meticulous skin care and lubrication with lotions and
creams. In addition, mild nonirritating soaps are used.
Antihistamines may be administered for pruritus. More
severe cases of GYHD are rare, but total body sloughing
may occur and is treated similarly to thermal injuries or
diseases such as Stevens-Johnson syndrome or toxic epidermal necrolysis. As such, these cases may require skin
debridement. Awareness of high infection risk to these
children because of the loss of skin integrity is critical. The
skin is kept clean and dry, and adhesi ve tape is avoided. Skin
lesions are cultured as indicated. In addition, the presence of
severe GYHD skin involvement will require vigilant pain
assessment and management, typically using continuous
narcotic infusions. See Chapter 29 for discussion of the
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special care needs of children with severe loss of skin
integrity.
GVHD of the GI tract requires strict intake and output records, frequent (usually twice daily) weights, monitoring of electrolytes because stool output may be excessive, control of nausea and vomiting with antiemetics,
meticulous rectal care after each stool, and nutritional
support with hyperalimentation to allow for bowel rest.
The perianal area is assessed at least every 8 hours for
redness, fissures, or signs of abscess formation. The stool is
assessed for amount, color, and consistency. Because of the
potential blood loss through the GI tract, all stool is tested
for blood and frequent monitoring of hematocrit and platelet
values may be necessary. These children are also at an
increased risk for infection because of GI mucosal
breakdown.
Severe oropharyngeal mucositis may be present with
acute GYHD, although it may also occur as a result of
chemotherapy administration, radiation therapy, and infection. The degree of mucosal damage may range from
mild inflammation to severe ulceration, bleeding, and
potential airway obstruction.53 Regardless of the degree of
mucosal damage, pain and dryness are typically present,
causing a significant impact on quality of life. Because
there are no effective primary treatments for severe
oropharyngeal mucositis, management is focused on relief of symptoms. Although there are differing opinions across institutions on the specific management of
mucositis, current general management principles include pretransplant dental consultation (to eliminate dental
problems that may exacerbate mucositis) and basic routine oral care. In addition, the use of topical anesthetic agents (such as lidocaine), mucosal coating agents
(such as antacid solutions or hydroxypropyl cellulose),
antiinflammatory agents (such as topical benzydamine),
and saliva replacement agents may provide relief of
pain and dryness. Prevention of secondary infection is
crucial and may include the administration of topical
antibacterial and antifungal agents or systemic prophylactic
antiviral agents. 53

Vena-occlusive Disease
In the early days of BMT, veno-occlusive disease (VOD)
went essentially unrecognized as a separate disease process
because liver problems were common in the posttransplant
period. Patients often suffered from viral hepatitis, bacterial
and fungal infections, GVHD, and liver complications from
hyperalimentation. This is no longer the case, and VOD is
now recognized as a major complication of BMT, accompanied by significant morbidity and mortality.8.54
Important risk factors for the development of VOD
include preexisting liver disease or dysfunction, and the
use of busulfan (BU) as part of the conditioning regimen.
In 1996, Rozman and colleagues, on behalf of the IBMTR,
examined risk factors for hepatic VOD in 1717 recipients
of HLA-identical sibling transplants. 55 The authors reported that the relative risk of developing VOD after the
use of BU for conditioning was 2.8 compared with the
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use of TBI. In a subsequent study, the IBMTR reported
that deaths from VOD were more frequent in patients
receiving BU/CSP versus CSPffBI for the conditioning
regimen. 56
Pathogenesis. von is characterized by deposits of
fibrous materials that block small venules of the liver,
causing an obstruction to blood flow from the liver. 8
Sinusoidal outflow obstruction causes the fluid content of
the blood to be drained through the lymphatic system and
into the peritoneal cavity, leading to ascites.
Clinical Manifestations. Symptoms typically develop I to 3 weeks after BMT and are initially the result of
intrahepatic portal hypertension. Not all symptoms may
occur in all children. Clinical characteristics depend on the
degree of obstruction of hepatic blood flow. They include
sudden weight gain, right upper quadrant pain, hepatomegaly, ascites, jaundice, encephalopathy, increased total bilirubin with normal or mildly elevated liver function tests,
and coagulopathy. Some cases of VOD are self-limited with
spontaneous resolution, whereas others are progressive and
lethal. 54 Other liver diseases that may have more specific
treatments, such as hepatitis or GVHD, must be ruled out.
Typically, jaundice appears later in GVHD, and ascites is
not common in liver dysfunction caused by GVHD,
hepatitis, and viral or fungal infections54
Critical Care Management. Diagnostic testing includes ultrasound and CT scanning, which may reveal a
congested liver, ascites, or an enlarged portal vein. Doppler
detection of reduced portal vein blood flow in VOD has also
been described. 57 Liver biopsies may be performed, although they may be associated with a significant risk in the
oncology population because of thrombocytopenia.54
Management of VOD is primarily supportive to provide
time for the liver to heal. This is achieved by treating the
side effects of liver failure, including fluid overload, third
spacing, electrolyte imbalances, and coagulation abnormalities. The administrations of anticoagulants and thrombolytic agents have been only marginally successful when used
to prevent and/or treat VOD. 8 Orthotopic liver transplantation and thrombolytic therapy with agents such as tissue
plasminogen activator have been suggested as treatment
options. 54 ,58 Prophylactic use of prostaglandin E, has also
been described. 59 The prognosis of von is variable, with
most patients with mild to moderate von (maximum serum
bilirubin < I0 mg/dl) recovering from disease. However,
95% of patients with severe VOD die as a result of
multisystem organ failure,8

SUMMARY
New cancer treatment modalities are increasingly complex and aggressive, With refinement of these treatment
regimens, the use of high-dose intensive chemotherapy
and BMT will find broader application in cancer patients and patients with impaired host defenses Of immunodeficiencies, Children receiving these regimens will
more likely need, and benefit from, critical care resources at various points during their illness and treatment
regimen, Only by careful observation and frequent c1in-
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Multisystem Problems

ical updates will the care of these patients be managed
successfully.
The transition to the critical care unit can often be a
difficult one. Most children have been hospitalized often.
Families are familiar with the oncology unit staff and
routines. This transition can be facilitated by the primary
nurse who can disseminate information regarding the child's
previous history and response to procedures to the entire
critical care team before the child's arrival, when time
allows. Parents should be empowered to remain involved in
their child's care to the fullest extent possible, especially
given the chronic nature of malignant disease. Multidisciplinary patient care conferences can be useful to discuss
treatment plans and allow expression of concerns regarding
therapy.

Ethical concerns, such as aggressi veness of therapy in
a "terminal" patient, end-of-life decisions, and even allocation of resources, may arise among the members of
the multidisciplinary team. Critical care nurses play a
key role in facilitating discussion regarding such concerns and seeking appropriate consultation from experts,
such as ethicists. The abundance of biomedical research
on the treatment of pediatric malignancies demonstrates
the hope that such patients will no longer be labeled as
having a "terminal" disease. It is essential that Clritical care
nurses strive to incorporate knowledge of the complexities
of care of the child with malignancy into their practice. The
nursing contribution to the team approach is a central one
that will lead to improvement in outcomes for these
children_
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