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Editorial on the Research Topic

Critical complications in pediatric oncology and hematopoietic cell
transplant, volume Il

Summary of volume 1

In the early years, mortality rates for pediatric hematopoietic cell transplant (HCT)
patients with critical illness were abysmal, exceeding 80%. This led to the general belief that
providing critical care resources to this population was futile (1). Volume I of this Research
Topic published 30 articles from 211 authors in 9 different countries (2). In this first
volume, Pechlaner et al. reported a PICU mortality of 11% for pediatric hematology/
oncology patients (3) — a significant improvement from the early years. This volume
extensively discussed management of complications from HCT, cancer, and chimeric
antigen receptor therapy (CAR-T) (4-6). Management of these complications involved
utilization of critical care resources such as continuous renal replacement therapy (CRRT)
(7), extracorporeal membrane oxygenation (ECMO) (8), and mechanical ventilation (9) -
resources that would not have been considered for this population in the early years.

Improvement in outcomes may be partially explained by topics discussed in this first
volume. These include 1) utilization of strategies to promote early recognition of clinical
deterioration leading to earlier interventions and involvement of critical care teams (5, 9-13);
2) use of invasive diagnostic procedures such as bronchial alveolar lavage and lung biopsy
which may lead to more accurate diagnoses and targeted therapies (14, 15); and 3) careful
attention to detail such as prevention of the detrimental effects of fluid overload (16).

In the current Research Topic, Critical Complications in Pediatric Oncology and
Hematopoietic Cell Transplant, Volume II, there is a continuation of the themes of
improving outcomes and strengthening collaboration. This Research Topic contains 21
publications from 195 authors representing 22 different countries on 5 continents
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(Figure 1). Volume II provides ongoing evidence that the field of
pediatric onco-critical care is not going back to the era of the self-
fulfilling prophecy that critically ill children with cancer have
abysmal outcomes rendering use of critical care resources futile.

Predictive factors for critical
care needs

Knowing which HCT patients are at highest risk for requiring
ICU care would be very valuable for clinicians. Using data from
pediatric oncology patients in the Colorado Sepsis and Treatment
Registry, serum lactate within 2 hours of presentation was found to
be predictive of clinical deterioration events (OR 1.82, p<0.001),
need for ICU admission (OR 1.68, p<0.001) and bacteremia (OR
1.49, p<0.001) (Slatnick et al.). Johnson et al. performed a single
center retrospective review of pediatric patients who received HCT
at their institution between January 2015-December 2020. Risk
factors for PICU admission were: 1) younger age; 2) lower weight;
3) inborn error of metabolism as a reason for HCT and 4) use of
busulfan conditioning. There was overlap in these results with those
found by Zinter et al. in a multi-center study merging the Center for
International Bone Marrow Transplantation (CIBMTR) and
Virtual PICU Performance System (VPS) databases. They also
found younger age and inborn errors of metabolism as risk
factors for requiring ICU care (17). However, there was
disagreement where Zinter found pre-HCT organ dysfunction
was associated with increased requirement for ICU admission,
whereas Johnson did not. This may represent an improvement
over time in managing complex patients during HCT versus
differences in study design. A better understand organ
dysfunction in these unique patients is imperative for continued
improvements in outcomes.

PICU resource utilizations
and outcomes

Accurate data surrounding the risks and benefits of ICU therapies
will lead to better informed decisions regarding PICU interventions.
In a retrospective single center study, Schober et al. found that
admissions for respiratory support (OR 1.04, p=0.04) and dialysis
(OR 1.21, p=0.03) increased 6-month mortality compared to other
reasons for PICU admission. In a multi-variate analysis of pediatric
oncology patients, hemato-oncology diagnosis, number of failing
organs at baseline and unplanned admissions were associated with
development of new or progressive multi-organ failure (Soeteman
et al.). Data from the Health Facts (Cerner Corporation, Kansas
City, MO) database containing 473 pediatric HCT patients found
11% required positive pressure ventilation, 25% received
vasopressor medications and 3% received dialysis. Decreased
survival was seen in allogeneic transplant (p<0.01), graft versus
host disease (p=0.02), infection (p<0.01) and need for ICU therapies
(p<0.01) (Olson et al.). Interestingly, survival improved over time
for patients who received allogeneic transplants. The improved
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survival in the later era of the study was associated with decreased
infections and increased use of vasopressor agents. The
improvement in survival could represent a change in practice due
to recent publications addressing the detrimental effects of fluid
overload in HCT patients (16, 18) with a shift towards earlier use of
vasopressors rather than fluid resuscitation.

Chimeric antigen receptor therapy, CAR-T, is being used in a
growing number of cancers. However, it carries an increased risk for
life threatening complications and critical illness. In a multi-center
study, Ragoonanan et al. compared PICU courses for pediatric ALL
patients who were receiving conventional therapy vs those who
received tisagenlecleucel. They found PICU resource utilization
between the 2 groups to be similar. The authors concluded that
improved management of complications and need for ICU care
should decline over time making CAR-T an important therapy to
pursue, potentially beyond high resource settings.

Cardenas-Aguirre et al. show us that critically ill pediatric
oncology patients in resource limited-settings can have PICU
outcomes similar to those seen in high income countries. In their
dedicated pediatric oncology hospital in Mexico, they describe
overall PICU mortality of 6.9% with mortality for unplanned
PICU admissions of 9.1%. This is similar to that described in
high income countries (19, 20) The authors felt their center’s low
mortality was likely the result of implementing a number of quality
improvement practices aimed at earlier recognition of deterioration
allowing for earlier interventions.

Complications of HCT and
oncology therapy

Endotheliopathy has been considered an underlying cause of
multiple complications of HCT including sinusoidal obstructive
disorder (SOS), transplant associated — thrombotic microangiopathy
(TA-TMA), diffuse alveolar hemorrhage (DAH), pulmonary
hypertension and graft-versus-host disease (GVHD). In a review
article, Pace et al. explore the interaction between host and donor
endothelial cells in hematopoietic cell transplantation as well as
solid organ transplant. Kafa et al. described their single center
experience with TA-TMA. Factors associated with developing TA-
TMA were allogeneic transplant and use of total body irradiation as
part of the conditioning regimen. Despite a good response to
therapy, their patients experienced several complications with the
most frequent being renal impairment and chronic kidney disease
in 80%.

This Research Topic also addresses strategies for improving
management of respiratory failure, a deadly complication. Pediatric
HCT patients have been shown to have a high rate of peri-
intubation cardiac arrest (9) which may represent a delay in
intubation timing. Hume et al. undertook a survey of PICU and
HCT providers to understand beliefs around timing of intubation.
Clinicians agreed that a patient’s poor prognosis may delayed their
decision to intubate. However, their decision was not influenced by
increased risk for lung injury from prolonged non-invasive
intubation and/or oxygen, factors likely to be important (21-23).
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Evidence for growing international interest in the field of pediatric onco-critical care.

DAH after HCT has historically had high mortality rates
(24-27). Our Research Topic has two retrospective chart review
studies discussing novel therapies in DAH. In a multi-center study,
there was an increased risk of non-relapse mortality with use of
steroids (p=0.03), once considered standard therapy for DAH, and a
survival advantage with use of inhalation of tranexamic acid
(p=0.04) or recombinant activated factor VII (p=0.005)
(Schoettler et al). A single center study confirmed the safety of
inhaled recombinant activated Factor VII for management of DAH
in these patients (Hurley et al.).

Pulmonary hypertension (PH) is yet another complication of
cancer treatment and HCT thought to be related to endothelial
injury. An analysis of merged Center for International Blood and
Marrow Transplant Research (CIBMTR) and the Virtual Pediatric
System (VPS) databases showed a PH prevalence of 2.7% in
pediatric HCT patients requiring ICU care. Of patients with PH
admitted to the PICU, 72.4% required invasive mechanical
ventilation and 27.6% renal replacement therapies. Survival 6
months after PH diagnosis was 51.7%, making this a very deadly
disease lacking effective therapy (Smith et al.).

Renal failure as a complication of HCT is common and known
to be a strong predictor of mortality (28, 29). Vuong et al. reviewed
the available published data on acute kidney injury and chronic
kidney disease in patients post-HCT. This review points out the
importance of early identification of renal dysfunction enabling
timely interventions to decrease risk of progression to end stage
renal disease. Anderson et al. performed a single center
retrospective chart review study of 222 pediatric oncology
patients admitted for tumor lysis syndrome. They discovered 9%
of patients with tumor lysis syndrome required renal replacement
therapy (RRT), most commonly for metabolic abnormalities. All
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patients with tumor lysis syndrome survived to hospital discharge
and none required chronic renal support. The experience for RRT
in patients with tumor lysis differs significantly from the experience
in patients post-HCT.

Cytomegalovirus (CMV) is one of the most concerning
infections for patients post-transplant. Many patients go into
their transplant course with latent infections which may reactivate
during periods of immunosuppression. Hiskey et al. provide us with
an excellent review of strategies for prevention, early detection, and
intervention to mitigate the impact of CMV in these patients.

Multidisciplinary care
and communication

In Volume I, Agulnik et al. demonstrated that implementation
of a bedside pediatric early warning system (PEWS) led to earlier
recognition of critical illness and prompt interventions (12). In
Volume II, Abutineh et al. describe the implementation of PEWS at
23 pediatric cancer centers across Latin America. The authors found
that resources were important in enabling the adaptation and
implementation of PEWS in these settings. Prior experience of
the hospital or its leaders with quality improvement (QI), however,
was helpful for overcoming the inevitable challenges involved in
implementing PEWS. In the absence of prior QI experience, QI
training was also helpful. Mirochnik et al. analyzed 71 structured
interviews with clinical staff in 5 resource limited pediatric oncology
centers in Latin America. Interviewed clinicians described PEWS as
making them feel more knowledgeable, confident, and empowered
in their patient care duties leading to improved job satisfaction and
patient outcomes.
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Rivera et al. described the development of a first-in-kind tool to
measure the quality of multi-disciplinary and interprofessional
communication around clinical deterioration in children with
cancer. Their tool, CritCom, was developed through literature
review and use of a multidisciplinary panel of experts. A later
publication from Counts et al. discussed the process involved in
refining the CritCom reports given to centers to communicate
CritCom findings and allow their use for local QI. This process
can be utilized by other groups wanting to improve communication
of research/QI findings to stakeholders.

Cuviello et al. discuss the importance of interdisciplinary
communication during end-of-life care. They performed a
retrospective chart review study involving 43 pediatric oncology
patients receiving end-of-life care in the PICU. They found 18.6% of
patients did not have palliative care involvement until the day of
death and that almost half of patients were receiving cancer directed
therapy in their last week of life. Their findings suggest room for
improvement through earlier collaboration between the palliative
care, oncology, and ICU teams.

Future of onco-critical care

Critical care resources for critically ill pediatric oncology, and HCT
patients in high resource settings is clearly no longer futile. Patients are
now routinely offered aggressive supportive care measures with
improving survival and reduced morbidity. We are not going back to
the days of the self-fulfilling prophecy that these patients have poor
outcomes making PICU care futile. We look to the future as we
progress towards improving outcomes globally, especially in limited
resource settings where 90% of children with cancer reside.

Some of the most promising strategies to improve outcomes are
aimed at early recognition of clinical deterioration enabling earlier
interventions. These strategies can be implemented successfully in
lower-resource settings as has been discussed in both volumes of
this Research Topic. An additional advantage of implementing
these systems is that they can improve multi-disciplinary and
multiprofessional communication leading to improved job
satisfaction and better patient care.

Improved understanding of the pathophysiologic mechanisms
behind complications of HCT and cancer therapies will lead us
toward more specific and effective novel therapies. We are just
beginning to understand all the functions of the endothelium and
what can go wrong when it is damaged. Next generation cancer
therapies will include expansion of the scope of CAR-T and other
targeted therapies. These therapies aim to harness the patient’s
immune system to attack the cancer but incur risk of life-
threatening complications. In the future, we expect improved
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