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Abstract: Cancer in the childhood and adolescence age group is considered rare. Despite this, the incidence of new
diagnoses is increasing every day, as well as an increase in the cure rate, which is due, among other reasons, to the
intensification of cancer treatment. As a consequence, these patients end up needing intervention in intensive care units (ICU).
When compared to other patients, the mortality rate of cancer patients was higher than the general mortality in the pediatric
ICU. For this reason, it is important to identify prognostic factors that can guide the early admission of these patients to the
ICU. This study evaluated several variables related to the cancer patient admitted to the ICU, correlating them with the clinical
outcome. Some variables were identified that increased the risk of the patient presenting with death as outcome, namely the
number of organic dysfunctions on admission, the use of cardiotoxic chemotherapy, the use of nephrotoxic medications and the
number of interventions performed on the patient in the first hours in the ICU. It is hoped that with this article, teams that
provide health care to pediatric cancer patients will be able to identify children and adolescents in need of ICU interventions
earlier, thus increasing their survival rate.
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children with cancer survived five years or more. Currently,
the survival rate is around 80%, possibly due to the use of
multicentric treatment protocols, combined with improved
diagnosis, the development of target therapies and the best
quality of clinical support for critical patients. [2, 4]

The intensification of cancer treatment has led to an
increasing number of complications resulting from
therapeutic toxicity and immunodeficiency related to the
disease and treatment. These complications can be fatal and
require admission to a pediatric intensive care unit (PICU). In
general, one in three pediatric cancer patients will require
intensive care, [5] which represent 3-4% of pediatric ICU
patients. [6].

It was found in the current literature that the mortality rate
of cancer patients was higher than the general mortality of

1. Introduction

The pediatric cancer is considered rare, compared to
cancers in adults, and varies proportionally according to
geographic and population characteristics. It has its own
histological and clinical characteristics, often affecting the
hematopoietic system and supporting tissues. [1] Leukemias
constitute most pediatric malignancies, followed by tumors
of the central nervous system and lymphomas. [2]

The mortality rate varies according to geographic patterns.
In Brazil and developed countries, it is the main cause of
death from illness among children and adolescents. [3]

While the incidence of cancer in pediatrics has been
increasing by 0.6% per year since 1975, the survival of these
patients has increased significantly. In 1970, about 58% of
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the pediatric ICU. Studies show worse outcomes for patients
with hematological tumors, previous history of bone marrow
transplantation, as well as those who develop cardiovascular,
respiratory and / or renal failure, or who need inotropic
support. [8-11] On the other hand, it is observed that patients
admitted at the beginning of the diagnosis have a better
prognosis than those admitted during treatment. [7, 5]

In this context, it is essential to identify prognostic factors
that can better guide the clinical decision for the early
admission of these patients to the ICU, as well as the
consequently appropriate management, preventing and
addressing the main complications. Early detection, based on
clinical protocols and predictive factors, can make admission,
and stay in the ICU more effective, as well as improving the
survival of these patients. [5, 7, 9, 10]

This study aims to determine the main epidemiological
characteristics and complications of pediatric cancer patients
admitted to the ICU of a referral center in Floriandpolis over
a period of 8 years, as well as to identify the prognostic
factors related to the outcome. In addition, the present study
aims to establish the main predictors of mortality in these
patients, so that aspects and events that may interfere with
the effectiveness of intensive care are pointed out.

2. Materials and Method

This is a descriptive, retrospective, observational, cross-
sectional study carried out in the pediatric ICU of Children’s
Hospital Joana de Gusmao. The medical records of patients
with oncological diseases in the age group up to 15
incomplete years admitted to the pediatric ICU of Hospital
Tertiary, from January 2012 to December 2019, were
analyzed. Patients aged 15 years or older, admitted to the
ICU at the time of postoperative and medical records with
incomplete data records were excluded from the research.

The variables analyzed included age, sex, histological type
of the primary malignant neoplasm, stage of the disease at
the time of diagnosis, clinical situation on admission to the
pediatric ICU (stratified at the beginning of the diagnosis,
being treated with remission of the malignant neoplasm or
not, relapse of the disease), cause of admission to the ICU,
length of stay prior to admission to the ICU, length of stay in
the ICU, organ failure (number) at the time of admission and
during hospitalization, need for interventions (inotropic
support, dialysis, mechanical ventilation, nutritional support),
use of nephrotoxic drugs (antibiotics, antifungals,
chemotherapy), use of cardiotoxic chemotherapeutic agents
and alteration of the echocardiogram performed in the first
24 hours of admission to the ICU.

Organic dysfunctions were assessed and classified
according to the concepts used by Piastra and collaborators
[12], that is, cardiovascular (hypotension requiring medical
intervention, pericardial effusion, pericarditis, myocarditis,
acute lung edema, symptomatic hypertension); respiratory
(dyspnea or need for O2 therapy); neurological (depression
of level of consciousness, acute neurological deficit);
digestive (pancreatitis, veno-occlusive syndrome,

gastrointestinal bleeding, graft versus host digestive disease,
liver dysfunction); renal (acute renal failure); hematological
(disseminated intravascular coagulation, hemophagocytic
syndrome, anemia with Hb <4g / dL) or metabolic (tumor
lysis syndrome, symptomatic hyponatremia, hyperkaliemia
with potassium> 6 mmol / L).

To assess severity and predict patient outcomes, the PIM2
score (Pediatric index of mortality) was used. PIM 2 was
calculated according to the physical examination and
laboratory changes identified in the first hour of each
admission, using the algorithm available in the article by
Slater and collaborators [13], which is applied to the
electronic calculator available at::
https://sfar.org/scores2/pim22.php.

To classify kidney injury, a known predictor, the Kidney
Disease Improving Global Guidelines (KDIGO 2012) was
used. [14]

These data were stored in an Excel spreadsheet.

The data were recorded in an Excel software table 2. Data
entry and analysis were performed using SPSS (Statistical
Package for the Social Sciences), version 20.0. Categorical
variables were described by frequencies and percentages and
continuous variables were described by median and
interquartile range, with the p 25 and p 75 values, due to non-
normal distribution. To assess the association between
categorical variables, the chi-square test or Fischer's exact
test was used. To compare quantitative variables with
asymmetric distribution between groups, the Mann Whitney
test was used.

The OR association measure with the respective
confidence intervals (95% CI) was used. For all analyzes, a
significance level of 5% was considered.

3. Results

The study sample consisted of 152 ICU admissions, with
some admissions related to the same patient.

Among the admissions, 42.8% were female and 57.2%
male. Hematological tumors corresponded to 75% of the
population, while solid tumors corresponded to 25%.
Regarding the clinical situation, 73% of the children were in
the first line of treatment and 27% went to the ICU under
treatment for recurrence of the malignancy.

The main cause of admission to the ICU was septic shock,
corresponding to 66.4% of the events, followed by
respiratory failure (9.9%), cardiogenic shock (2.6%),
hypovolemic shock (1.3%). The group identified as “Others”
(19.7%), included episodes of upper gastrointestinal bleeding,
stroke, decreased level of consciousness, hyperleukocytosis,
tumor lysis, intracranial hypertension, renal failure requiring
dialysis, seizure disorder and syndrome superior vena cava.

The length of hospital stay prior to admission to the ICU
had a median of 4 days (interquartile range=1 - 10). The
length of stay in the ICU had a median of 4 days
(interquartile range=2 - 7).

There was a significant difference in the evaluation of the
variables that analyzed the number of organic disorders
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(cardiovascular, respiratory, neurological, digestive, renal,
hematological, or metabolic) on admission to the ICU
(U=1217, p <0.001) and then during the patient's
hospitalization. ICU (U=1193, p <0.001). The medians for
these variables were 2 (interquartile range=1 - 1) and 2
(interquartile range=1 - 3), respectively.

Another variable that also showed a significant difference
in relation to the outcome was the number of interventions
that the patient received in the first 24 hours of admission to
the ICU. The interventions evaluated were initiation of
vasoactive drugs, installation of mechanical ventilation,
initiation of parenteral nutrition and dialysis. The median of
interventions was 2 (interquartile range=1 - 2) and it
presented p <0.001.

Regarding the use of myocardiotoxic chemotherapy in the
treatment before admission to the ICU, 67.1% of the
population wused it. Within the population that used
myocardiotoxic chemotherapy, 60.5% had the outcome
"high" and 39.3% the outcome was "death". In the sample
that did not use this chemotherapy, 86.8% had the outcome
"discharge" and 13.2% "death". This variable showed a
significant difference with the outcome “death” (p=0.003).

When assessing the number of nephrotoxic drugs used by
the patient before admission to the ICU and the outcome of
death, a significant difference was also found (p=0.034). The
median use of nephrotoxic drugs was 1, with an interquartile
range of 0-2.

Regarding the echocardiogram, 24.3% of the children had
a normal exam on admission to the ICU, 5.9% of the exams
were normal, but they were already performed with the child
using vasoactive drugs and 53.9% had alterations, being them
dysfunction or insufficiency of the left ventricle, dilation of
the left cavities, severe myocardial depression, myocarditis,
total dilation of the cavities, presence of intracardiac
thrombus, pericardial effusion, hyperdynamic heart and
obstruction of the superior vena cava. In this variable, we had
15.8% of patients who did not undergo echocardiography in
the first 24 hours of admission to the ICU.

As for the outcome, there were 102 discharges (67.1% of
the sample) and 50 deaths (32.9% of the sample).

Some of these variables are shown in Table 1,
demonstrating their correlation with the clinical outcome,
death or hospital discharge.

Table 1. Correlation between variables and clinical outcome.

Variables Death Hospital Discharge J)

Length of stay prior to ICU (days) 5(2-155" 3(1-8)%" 0,174¢
Length of stay in the ICU (days) 4(2-957" 4@-7" 0,555¢
Organ failure (number) at the time of admission 2(2-3)" 1(1-2)% 0,000¢
Organ failure (number) during hospitalization 32-3)° 2(1-2)* 0,000¢
Number of interventions at the admission 2(2-3)" 1(0-2)* 0,000¢
Number of nephrotoxic drugs 2(0-2)* 1(0-2)* 0,034¢
Use of cardiotoxic chemotherapeutic agents 45 (29,6%)" 69 (45,4%)° 0,003

Note: A: Data presented as median P50 (P25 - P75); B: Data presented in absolute and relative frequency. Statistical significance defined as p<0.05. C: Mann-

Whitney test; D: Chi Square Test

4. Discussion

This research is a retrospective study, 8 years old, to
evaluate the prognostic factors of mortality in pediatric
cancer patients, hospitalized in the ICU due to acute
complications of the underlying disease or treatment.

When compared to solid tumors, hematological neoplasms
showed more severe conditions, as well as a higher
percentage of infectious conditions and a higher mortality
rate. Hematological neoplasms included acute lymphoblastic
leukemia, acute myeloid leukemia, myelomonocytic
leukemia, biphenotypic leukemia, Hodgkin's lymphoma
Hodgkin's and non-Hodgkin's lymphoma, accounted for 75%
(n=114) of the sample and 82% (n=41) of deaths. A possible
explanation for this fact must stem from the
immunodeficiency of the underlying disease itself, from the
more aggressive treatment protocols that contain
corticosteroids as part of its structure in some longer periods.

Another trend identified was the relationship between a
greater number of days prior to admission to the ICU and the
outcome of death. Piastra and collaborators confirmed this
observation in their study and, for this reason, established
criteria for admission to the pediatric ICU for children with

oncohematological diseases, with a strong recommendation
for the early referral of these patients to the ICU, especially
in cases of sepsis. [12]

The study by Fausser et al. Evaluated the causes that may
determine this delay in admission to the ICU, identifying the
reduced number of beds in some services; the transfer itself
can be a time of complication, especially for neutropenic
patients; the teams of oncologists and nurses in these sectors
are trained to provide a high level of care, as they witness
many complications in their wards, many potentially
reversible complications without intensive treatment; and
family members resistance to transfer. [15]

In this study, it was demonstrated that the number of
organic dysfunctions present at admission to the ICU, as well
as the amount of dysfunctions at the patient's hospitalization,
had an impact on their mortality. Typpo et al., in a
multicenter study with a population of 62,285 admissions to
pediatric ICUs, showed that patients who had a higher
number of organ dysfunctions, especially when more than
three, had considerably higher morbidity than those who had
a dysfunction at admission. In addition, patients were more
likely to have at least one impairment of functional status
maintained at the time of discharge from the ICU. [16]
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In a cohort of children admitted to the pediatric ICU in the
United Kingdom, 27.3% of the patients studied had impaired
functional status six months after admission to the ICU.
Zinter and collaborators, in their multicenter cohort,
retrospectively evaluated 264,364 admissions of cancer
patients to the ICU. The interventions that these patients
received at admission were analyzed, namely mechanical
ventilation, hemodialysis, initiation of vasoactive drugs,
installation of central access and oxygenation by
extracorporeal membrane [17]. As in the present study, they
observed that each new necessary intervention significantly
increased the risk of mortality.

When considering the number of nephrotoxic drugs that
the patient used before admission to the ICU, a significant
difference was observed between the number of drugs used
and the outcome of death. Historical analyzes had already
proven this association [18-20], with increased morbidity and
mortality in these patients and with a greater chance of
developing chronic kidney complications, this association
being progressively greater as a new nephrotoxic drug is
associated with the patient's prescription. McKamy and
colleagues, in a retrospective study, identified an increased
risk of acute kidney injury from 3 to 9 times, when
vancomycin was used concomitantly with furosemide [21].
In a meta-analysis published in 2018, Luther and colleagues
suggested that the combination of vancomycin with
piperacillin-tazobactam increased the chances of acute
kidney injury compared to the combination of vancomycin
with cefepime or meropenem [22].

As is already known, despite disease-free survival rates have
increased in childhood and adolescence, survivors are at
increased risk compared to the general population of having
long-term morbidity and mortality, mainly due to treatment-
related cardiotoxicity [23]. Dalton and collaborators reported
that, when cardiac dysfunction is associated with the use of
inotropic drugs and respiratory failure, the mortality of
pediatric cancer patients admitted to the ICU increases to 54 to
100% in relation to those who do not have this association. [24]

Regarding the mortality rate of these patients in the ICU,
in a historical review of the last 20 years, it was found that
the results ranged from 13-27%. It is worth mentioning that
all studies in this review were international, some including
patients after bone marrow transplantation, where mortality is
higher [8, 24-28].

5. Conclusion

The mortality found in the present study was 32.9%
(n=50), slightly higher than that observed in historical
reviews. Possible explanations for the mortality rate
identified in this study, may be associated with the
impossibility of early transfer of patients to the ICU due to
the reduced number of beds at the time, or due to the
immediate non-recognition of some severity warning signs
and symptoms by the health team of on duty at the hospital,
with consequent late admission to the ICU.

This study had some limitations, such as the non-

identification of a specific type of neoplasia correlated with
the outcome of death, probably since the diseases were
grouped into two groups (hematological x solid), due to the
sample size. As a limitation of the database, we obtained an
important percentage of patients who did not undergo
echocardiography at admission. As a limitation of data
collection, it was not recorded which intervention was
performed on the patient on admission to the ICU, it was
only counted numerically.

With the analysis of these risk markers, it is expected that
these data can help guide intensivists and oncologists in
stratifying risk for patients, which can be of value in advising
families concerning to the objectives of care, especially in
times of neutropenia. Additionally, the identification of these
markers can assist in the allocation of resources in the
pediatric ICU, besides to corroborating the need to increase
the number of beds in these units, especially those that are a
reference for patients undergoing cancer treatment. Another
important effect of the data is to identify patients who can
benefit from closer monitoring and earlier interventions.

Appendix

Table 2. Data collection instrument.

Age

Sex

Histological type of the primary malignant neoplasm
Stage of the disease at the time of diagnosis
Clinical situation on admission to the pediatric ICU
1. Beginning of the diagnosis

2. Remission of the malignant neoplasm or not,
3. - Relapse of the disease

Cause of admission to the ICU

Length of stay prior to admission to the ICU
Length of stay in the ICU

Organ failure (number) at the time of admission
Organ failure (number) during hospitalization
Need for interventions

1. Inotropic support

2. Dialysis

3. Mechanical ventilation

4. - Nutritional support)

Use of nephrotoxic drugs

1. Antibiotics

2. Antifungal

3. - Chemotherapy

Use of cardiotoxic chemotherapeutic agents
PIM2

KDIGO 2012

Alteration of the echocardiogram

Clinical outcome
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