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Abstract

Background: Peri-transplant is a critical period which is associated with a myriad of complications that require
pediatric intensive care unit (PICU) referral. PICU outcomes have been historically poor post-hematopoietic stem
cell transplantation (HSCT), especially when associated with inotrope support, invasive ventilation, and renal re-
placement therapy. The study aimed to assess the outcomes of PICU referral in children undergoing HSCT.
Patients & Methods: A retrospective analysis was performed of children between 1 to 18 years of age who un-
derwent HSCT between 2016 to 2023. A clinical deteriorating event (CDE) was defined as an unplanned transfer
to the intensive care unit (ICU) or requiring ICU-level intervention on the floor. The reason for PICU referral,
place of intervention, cause for the CDE, and requirement of respiratory, renal, and cardiac support were noted.
The study period was divided into two 4-year intervals to assess change over time, 2016-2019 and 2020-2023.
Results: In an eight-year period, a total of 934 HSCTs were performed, with 272 patients requiring PICU referral.
A total of 415 CDEs were recorded. CDEs for PICU referrals were hypotension (43%), disproportionate tachycar-
dia (42%), respiratory distress (26%), hypertension (22%), altered sensorium (8%), seizures (7.4%), and major
bleeds (7.3%). Overall peri-transplant survival was 73.8% (n=201/272). Comparing the two study intervals, 2016-
2019 and 2020-2023, the survival of patients on mechanical ventilation had improved from 4.5% to 27.5% (p=
0.005) and from 39.4% to 55.9% (p=0.11) among those who received inotropes. Patients with three organ dys-
functions had worse outcomes. Disproportionate tachycardia [OR 0.19 Cl 95% (0.06-0.64); p=0.008], hypotension
[OR 0.177 Cl 95% (0.04-0.84); p=0.029] and acute GVHD [OR 28.46 Cl 95% (3.66-221); p=0.001] were significant
risk factors for peri-transplant mortality as per multivariate analysis.

Conclusion: Integrated care with the PICU team is the first step towards improving survival in these critically ill
children. With timely intervention on the floors for CDEs and protocol-driven care in the PICU, we have demon-
strated an increase in overall survival over the past four years and would recommend similar team-based care
for units catering to children.
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sepsis, conditioning toxicity, cytokine release syndrome,

Introduction . L
and acute graft-versus-host disease’. Adept monitoring

Hematopoietic stem cell transplantation (HSCT) is a
curative option for a wide range of malignant and non-
malignant conditions in children'. It is a complex proce-
dure requiring precision and evidence-based practices.
Peri-transplant is a critical period where life-threatening
events occur due to underlying disorders, neutropenic

by the transplant team and nurses will help recognize
danger signs and early interventions.

Pediatric intensive care during HSCT for children has
a vital role in treating the abovementioned complica-
tions’. It is estimated that 15-20% of children require
admission to the pediatric intensive care unit (PICU) af-
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ter HSCT, with mortality rates ranging from 35% to
80% over the last few decades*’. Various factors includ-
ing the requirement of invasive ventilation, renal and
cardiac support, and higher PRISM scores have tradi-
tionally been associated with poor outcomes in children
post-HSCT*. There is a need to audit the data on PICU
referrals during the peri-transplant period to help iden-
tify those at-risk children in the future for better prog-
nostication and care.

The aim of the study was to assess the peri-transplant
outcomes of a pediatric intensive care unit in children
undergoing HSCT.

Patients and Methods

A cross-sectional retrospective analysis was per-
formed in children who underwent HSCT for malignant
and non-malignant conditions at a tertiary care center
from January 2016 to December 2023. All the children
between the ages of 0-18 years at the time of transplant
and requiring PICU referral were included in the study.
Those who did not require a PICU referral were ex-
cluded. Demographic and transplant-related details in-
cluding age, sex, underlying disease, type of donor
(matched family donor (MFD), matched unrelated do-
nor (MUD), or haploidentical donor), and time of trans-
plant were noted. The clinical deteriorating event
(CDE), place of intervention (on the floor, in the trans-
plant ward, or PICU), cause of CDE, and three organ
support (cardiac, renal, and respiratory systems) re-
quirements, namely inotropes, invasive ventilation, and
renal replacement therapy (RRT), were recorded. The
primary outcome analyzed was the peri-transplant sur-
vival in the children requiring intensive care. The risk
factors associated with mortality were studied.

The study period was divided into two 4-year inter-
vals to assess the change over time, 2016 to 2019 and
2020 to 2024. It was after the year 2019 that a dedi-
cated onco-critical care PICU with a seamless working
model was established (Table 1). It included a team of
full-time pediatric intensivists, clinical intensive care
unit (ICU) fellows, and ICU nurses. Prior to 2016, the
critical care unit had rotating pediatric intensivists and
fellows.

All the PICU referrals in the study warranted PICU
admission but because of PICU bed constraints and to
avoid delay in “golden hour care’, interventions were
commenced by the PICU team on the floors with inten-
sive ICU level monitoring and nursing care. Those who
required further interventions were eventually shifted to
the PICU.

The study has been approved by the institutional re-
view board and ethics approval has been obtained - IEC
BMR App No: ASH-C-S-017/07-24. Informed consent

has been waived off since it is a retrospective study
without identifying individual patient details.

Definitions

CDE was defined as any event that warranted an in-
tensive care unit transfer or ICU-level intervention on
the floor. The concept of CDE was adapted from a
Latin American study analyzing outcomes of a pediatric
oncological unit® °. The CDEs analyzed for this study
were hypotension, hypertensive urgency, disproportion-
ate tachycardia, seizures, respiratory distress or hypoxia,
major bleeding (mucosal) requiring platelet and blood
product transfusions, altered sensorium or other central
nervous system (CNS) event, and any other.

The peri-transplant period was defined as the time
from the commencement of conditioning till Day +30
post-transplant.

Statistical analysis

The above data was collected from the electronic da-
tabase and patient medical records. The data was en-
tered into predetermined pro forma, collated using a
Microsoft Excel sheet, and statistical analysis was per-
formed using IBM SPSS v.28. Descriptive statistics are
presented with frequency (percentage). Chi-square/
Fisher’s exact test was used to determine the association
between two independent categorical factors. Univari-
able and multivariate logistic regression analysis was
performed for the outcomes. The multivariable model
was performed when a significance was found in the
univariate model. A p-value < 0.05 was considered sta-
tistically significant.

Results

A total of 934 children underwent HSCT in the
eight-year period. Of these, 272 (29%) children re-
quired PICU referral and were further analyzed (Table
2). The indication for transplant was a non-malignant
condition in 225 (82.8%) children and malignant in 47
(17.2%). The donor was MFD in 59 (21.6%), MUD in
52 (19.1%), haploidentical donor in 156 (57.3%), and
autologous in 5 (1.8%). The number of transplants were
almost equal in both time frames - a total of 139
(51.1%) between 2016-2019 and 133 (48.9%) trans-
plants between 2020-2023.

A total of 415 CDEs were recorded in these 272
children. CDEs for PICU referral were hypotension (n=
117, 43%), disproportionate tachycardia (n=116, 42%),
respiratory distress (n=72, 26%), hypertension (n=60,
22%), altered sensorium (n=22, 8%), seizures (n=14,
7.4%), and major bleeds (n=20, 7.3%). Infections, con-
ditioning toxicity, engraftment syndrome, cytokine re-
lease syndrome in haploidentical HSCT, and GVHD
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Table 1.
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Integrated HSCT and onco-critical care working model

Teams

Interventions

Multidisciplinary care approach

Golden hour care for CDE’s

Infection control practices

Cardioprotective strategies

Nurses training in recognition of sick child

Emphasis on nutrition

Daily monitoring

Preemptive anticipation of HSCT complications

1. Collaborative approach- Daily co-rounding of high risk patients by haemato-oncologists
and intensive care team to create integrated care plans

. Multidisciplinary discussions with infectious disease & other specialists

. PICU team involved in pretransplant stabilization of failure to thrive infants

. Anticipation of serious events (PRES, cytokine release syndrome) with PICU team in-
volvement in wards

5. Immediate initiation of interventions, even inotropes for CDE outside PICU before trans-

fer
6. Algorithmic PICU Protocols, personalized care
7. Dedicated Onco-Critical care Team

Ensure Airway patency

A WN

1. RESPIRATORY DISTRESS
Breathing- heated, humidifier, high flow nasal cannula/intubation, if needed.
2. SHOCK
Fluids- No rapid boluses , 5-10 mL/kg isotonic fluids over 1 hour. More only if losses
present
Early Vasoactives (within first hour if hypotensive shock)- noradrenaline (if low diastolic
blood pressure), adrenaline (if high risk/suspected/proven cardiac dysfunction). Initial va-
soactives in peripheral line dilution if central line is septic source
Steroids stress dose - Hydrocortisone (if on steroids recently)
Early Source Control - Stop access of port/removal of old central lines
Dialysis in PICU to treat acidosis - peritoneal dialysis in small children
3. HYPERTENSIVE URGENCY/EMERGENCY
IV Sodium Nitroprusside, prophylactic Levetiracetam, Hypertonic saline if drowsy
4. CRS
Early adrenaline.
Early Steroids (methylprednisolone) in engraftment CRS

1. Antibiotics in the golden hour in septic shock (stocked in ward)

2. Infectious Disease consult for all patients on antibiotics

3. Surface Cleaning, Strict Isolation practices, Hand washing, Perianal care
1

. Use of n-Acetylcysteine with cyclophosphamide (cardioprotective, antioxidant), for cys-
titis, mucositis and Sinusoidal obstruction syndrome

. Screening for cardiac dysfunction pretransplant

. Levosimendan for cardiac dysfunction in second era (a drug repurposed for oncology as
well)

1. Use of PEWS
2. Monitoring for disproportionate tachycardia, low diastolic blood pressure for shock as
temperature, urine output, sensorium can be normal

. Semi elemental diet in transplant patients if gut issues exist
. Daily amino-acid infusions if poor oral intake
. Supplementation of phosphate, thiamine, trace elements, magnesium

. Strict fluid intake/output to be monitored every 6 hours

. Avoidance of fluid overload and maintain euvolemia or slight negative balance

. Daily complete blood count, blood gas (electrolytes & lactate for all patients) for early
detection of problems

1. Increase in alternate donor transplants and hence anticipation of complications like Graft
versus host disease and viral reactivation.
2. Early use of Ruxolitinib and Extracorporeal Photopheresis

w N

WN= WN =

HSCT, hematopoietic stem cell transplant; PICU, pediatric intensive care unit; PRES, posterior reversible encephalopathy syndrome; CDE, clinical deteri-
orationg event; IV, intravenous; CRS, cytokine release syndrome; PEWS, pediatric early warning scores

(graft-versus-host disease) were the common causes of
the CDEs (Figure 1). The place of intervention for the
CDEs was on the floor in the transplant ward in 163/
272 (60.2%) children, and PICU transfer was required
in 109/272 (39.7%) children.

During the peri-transplant period, the overall survival
rate in this group was 201 out of 272 (73.8%). When
comparing two study periods, 2016 to 2019 and 2020
to 2023, there was an improvement in survival rates
from 69% (96 out of 139) to 79% (105 out of 133)
(Figure 2). The survival rate was less than 50% in

cases of bacterial infections, fungal infections, acute
GVHD, and diffuse alveolar hemorrhage. Survival
among the various causes of CDE is mentioned in Ta-
ble 3.

In the univariable analysis, MUD transplants among
the donor types, hypotension and disproportionate
tachycardia among the CDEs, and bacterial infections
and acute GVHD among the causes were associated
with poor survival. In the multivariable analysis, hy-
potension, disproportionate tachycardia, and acute
GVHD were associated with poor survival (Table 4).
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Table 2. The demographics and interventions in children post-HSCT and their survival

Parameter Number n (%) Survival n (%) p value
Age
1. < 3 years 104 (38.2) 78 (38.8) 0.778
2. > 3 years 168 (61.7) 123 (61.2)
Diagnosis
1. Malignant 47 (17.2) 36 (76) p >0.99
2. Non-Malignant 225 (82.8) 165 (73.7)
Time period
1.2016 to 2019 139 (51.1) 97 (69.7) p=0.073
2. 2020 to 2023 133 (48.9) 104 (78.1)
Occurrence of CDE
1. Before engraftment 196 (72) 155 (79)
2. After engraftment 76 (27.9) 46 (60.5)
Place of intervention
1. On floor 163 (60.2)
2. PICU 109 (39.7)
Mechanical ventilation Total 84 (30.8) 13/84 (15)
a. 2016 to 2019 44 2/44 (4.5) p=0.005
b. 2020 to 2023 40 11/40 (27.5)
Inotrope support: Total 129 (47.4) 60/129 (46.5)
a. 2016 to 2019 70 28/70 (39.4)
b. 2020 to 2023 59 32/59 (55.9) p=0.11
Continuous renal replacement therapy 11 1(9)
Peritoneal dialysis & 2 (66.6)
CDE, clinical deteriorating event; PICU, pediatric intensive care unit
DAH 21
Cardiac dysfunction 6
Graft rejection T8 1
Diseaserelated 15 ]
Viral infection 18— ]
Fungal infection 6
Platelet refractoriness 121
Renal dysfunction 1
SOS B
Acute GVHD 17—
Engraftment syndrome 28
Conditioning toxicity 70 ]
CRS in Haplo donor HSCT ———19 ]
Bacterial Infection 5 ]
0 10 20 30 40 50 60 70 80

Figure 1. Various causes of CDEs and the number in each type
SOS, sinusoidal obstruction syndrome; DAH, diffuse alveolar hemorrhage; GVHD, graft versus host disease;

CRS, cytokine release syndrome.

Age, underlying condition, and time of transplant were
not significantly associated with peri-transplant survival.

A total of 84/272 (30.8%) needed invasive ventila-
tion, of which 13/84 (15%) were alive at the end of the
peri-transplant period. Among these 13 children, 2/44
(4.5%) were transplanted between 2016 to 2019 and 11/
40 (27.5%) were transplanted between 2020 to 2023 (p
=0.005) (Figure 2).

A total of 129/272 (47.4%) required inotropic sup-

port and 60/129 (46.5%) children survived. The survival
improved from 28/70 (39.4%) during 2016 to 2019 to
32/59 (55.9%) between 2020 to 2023 (p=0.11) (Figure
2).

Among the children who required renal replacement
therapy (RRT), 11 required continuous RRT and only 1
survived (9%) whereas 3 children required peritoneal
dialysis, and 2 (66.6%) survived. A total of 13 out of
272 required three organ supports, and 2 of them sur-
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Figure 2. Comparison of survival percentages between the time frames - before and after establish-

ing dedicated onco-critical care services

Blue color: indicates the survival before establishment of onco-critical care services.
Orange color: indicates the survival after establishment of onco-critical care services.

Table 3. Table showing the causes of CDE and their survival percentages

Cause of CDE

Number Survival (%)

Bacterial Infections 75 50
Cytokine release syndrome in haploidentical HSCT 19 914
Conditioning toxicity 70 95
Engraftment syndrome 28 85.7
Acute GVHD 17 30
Sinusoidal obstruction syndrome 6 100
Platelet refractoriness 12 91
Fungal infection 6 16.6
Viral infection 18 55.5
DAH 2 0

CDE, clinical deteriorating event; HSCT, hematopoietic stem cell transplant;
GVHD, graft versus host disease; DAH, diffuse alveolar hemorrhage

vived (15.3%).

Discussion

Historically, the survival among children admitted to
the ICU after HSCT has been poor due to their im-
munocompromised state and vulnerable physical condi-
tion. A better survival rate is only possible when we
identify the signs of deterioration early and provide op-
timal care as required. When the CDEs were analyzed
in this cohort of patients, hypotension, disproportionate
tachycardia, and hypertension were the most common.
Various infections during the neutropenic state, cytokine

storm due to mismatched stem cell infusion, and en-
graftment syndrome contributed to the numbers of hy-
potension and disproportionate tachycardia. Hyperten-
sion was most likely due to the usage of anti-thymocyte
globulin and steroids as part of GVHD prophylaxis.

In this study, 272/934 (29%) children required PICU
referral, and a total of 109/934 (11.6%) required PICU
transfer. Santhanam et al. from Singapore have shown
18% PICU transfers in children post-HSCT in their
eight-year study’. In our cohort, out of the 272 PICU
referrals, 60% were treated in the transplant ward pro-
viding ICU-level care, and only 40% were shifted to
PICU. The ICU-level care provided on the floor in the
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Table 4. Univariable and multivariable analysis for risk factors associated with peri-transplant mortality

Univariable analysis

Multivariable analysis

Variabl I |

anavie OR (CI 95%) pVale TR (Cl95%) pvalue
MUD 251 (1.06-597) 0037  444(085-2321) 0077
CDE

Hypotension

Disproportionate tachycardia

Seizures
Respiratory distress
Major bleeds
Altered sensorium
Causes of CDEs
Bacterial sepsis
Acute GVHD

4.44 (2.44 - 7.79)
2.29 (1.32 - 3.98)
1.62 (0.52 - 4.99)
1.36 (0.75 - 2.46)
0.29 (0.07 - 1.30)
1.07 (0.40 - 2.84)

4.67 (2.60 - 8.37)
7.97 (2.69 - 23.55)

< 0.001 0.177 (0.04 - 0.84) 0.029
0.003 0.19 (0.06 - 0.64) 0.008
0.404 = =
0.317 - -
0.107 - -
0.896 - -

< 0.001 3.38 (0.18 - 63.82) 0.417
< 0.001 28.46 (3.66 - 221) 0.001

MUD, matched unrelated donor; CDE, clinical deteriorating event; GVHD, graft versus host disease; OR, Odds ra-

tio; ClI, confidence interval.

transplant ward also included inotropes, oxygen sup-
port, non-invasive high-flow nasal cannula ventilation,
and intense vital monitoring. The Latin American group
in pediatric oncology patients showed that 29% of chil-
dren with CDEs who required ICU-level care were
treated on the floor, and most of them eventually had
an ICU transfer’. These children requiring ICU-level
transfer were treated on the regular floors not intention-
ally but due to the unavailability of ICU beds at the
time of CDE, as in our case.

The overall peri-transplant survival rate of children
requiring PICU referral was 73% in this cohort. This
includes all the children requiring PICU interventions,
those managed on floor and in the PICU. A PICU out-
come study from Israel by Zaidman et al. reported a
survival rate of 43% post-HSCT®. A multicenter virtual
PICU system (VPS) database analysis of 1,782 children
post-HSCT requiring PICU intervention from the USA
reported an overall mortality of 16.2%, and a combined
CIBMTR and VPS analysis in 2020 showed a mortality
rate of 17.4%” . An important factor to be noted is that
the current analysis included only the peri-transplant
period and not all the PICU admissions post-HSCT, un-
like the abovementioned multicenter studies. This study
adds to the lacunae in literature regarding the peri-
transplant PICU outcomes in children.

The present study showed a significant increase in
mortality if the donor was a matched unrelated donor,
unlike the CIBMTR data, where mismatched unrelated
donors had poor outcomes in the univariate analysis®.
Among the CDEs, hypotension and disproportionate
tachycardia were associated with poor mortality in mul-
tivariate analysis, and this sheds light on the importance
of regular vitals monitoring in these children. This also
emphasizes better training of nurses and trainees in
early recognition of warning signs in these children,

along with the usage of scales like pediatrics early
warning signs'".

The CIBMTR analysis shows no risk of mortality as-
sociated with acute GVHD or sinusoidal obstruction
syndrome”. In the present cohort of children, the peri-
transplant mortality was high when children were ad-
mitted into the PICU with acute GVHD and this was in
line with the data from the studies by Zaidman et al.
and Diaz et al." *. Improved GVHD prophylaxis and
early escalation of treatment for GVHD with ruxolitinib
and extracorporeal photopheresis will help reduce mor-
tality and morbidity.

Among the infective causes of CDEs, mortality was
over 80% in children with fungal infections and close
to 50% with viral and bacterial infections. These trends
are higher than those from the VPS database study,
where the infection-related mortality rate ranged be-
tween 22% and 33%’. Poor antibiotic stewardship in the
community and the rise of multidrug-resistant bugs are
the probable causes for this. The unit’s antimicrobial
prophylaxis practice included usage of the echinocandin
micafungin as an antifungal, intravenous acyclovir as an
antiviral, and no prophylactic antibacterials. Post-HSCT
viral monitoring with cytomegalovirus, adenovirus, and
Epstein-Barr virus DNA-PCRs (polymerase chain reac-
tion) was done once every week from engraftment till
day + 100 in haploidentical donor and MUD trans-
plants.

In the present study involving only peri-transplant
children, 30.8% of children requiring PICU referral re-
quired invasive ventilation, like the USA data’. Invasive
ventilation was negatively associated with mortality in
most studies, with the mortality in the present cohort
being double that of the US cohort’. Among the chil-
dren who required inotrope support, only half of them
survived. Inotrope support was also associated with sig-
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nificant mortality in the study from Zaidman et al.’.
Outcomes of children requiring continuous renal re-
placement therapy were rather dismal, with only 9%
survival in the present study, whereas the VPS data
analysis from the USA shows 51.9% survival’. Interest-
ingly, outcomes were better when peritoneal dialysis
was performed, and 2 out of 3 children survived. This
shows early peritoneal dialysis can safely be performed
in a select group of children undergoing HSCT.

The outcomes were poor when all three important or-
gans (cardiac, respiratory, and renal systems) were dys-
functional (15.3% survival). Though the survival per-
centage may vary, this trend was reflected in the multi-
variate analysis by Santhanam et al., Zaidman et al., the
CIBMTR analysis, and in the VPS database cohort™"”.

When the outcomes in the current study were sepa-
rately analyzed comparing the survival before and after
establishing a dedicated PICU for onco-critical care
services, the invasive ventilation outcomes were signifi-
cantly better after 2020, 4.5% to 27.5% (p=0.005).
These trends indicate the significant impact a dedicated
PICU team can have on children undergoing HSCT and
requiring intensive care services. By implementing risk
stratification, promptly recognizing critical deterioration
events, involving the PICU team early, and intervening
on the hospital floors before transfer to modify the
course of the illness, we have improved overall survival
over the past four years. This improvement can also be
attributed to co-rounding by intensivists and oncologists
on the wards, close monitoring, and adhering to
protocol-driven care in the PICU.

Limitations

The risk factors of mortality for each disease condi-
tion were not analyzed individually. Since this was a
retrospective study, the analysis did not include in detail
the number of children who had ICU-level interventions
on the floor before transferring them to the PICU, and
objective risk assessment scores like PIM/PRISM were
not recorded as well. Hence, a risk predictive score for
mortality was not deduced.

Conclusion

Hypotension and tachycardia are the CDEs associated
with mortality in multivariate analysis. Invasive ventila-
tion, RRT, and multiorgan failure are associated with
poor survival in children post-HSCT, and intervening
before irreversible multiorgan failure is the key to suc-
cessful outcomes. Integrated care with the PICU team is
the first step towards improving survival in these criti-
cally ill children. We recommend similar team-based
care for HSCT units catering to children.
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