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ABSTRACT 69 

Background: Allogeneic hematopoietic cell transplantation (HCT) can be complicated by the 70 

development of organ toxicity and infection necessitating intensive care. Risk factors for intensive care 71 

admission are unclear due to heterogeneity across centers, and long-term outcome data after intensive 72 

care are sparse due to a historical paucity of survivors. 73 

Methods: The Center for International Blood and Marrow Transplant Research (CIBMTR) was queried 74 

to identify patients age ≤21 years who underwent a 1st allogeneic HCT between 2008-2014 in the United 75 

States or Canada.  Records were cross-referenced with the Virtual Pediatric Systems pediatric ICU 76 

database to identify intensive care admissions.  CIBMTR follow-up data were collected through the year 77 

2020. 78 

Results: We identified 6,995 pediatric HCT patients from 69 HCT centers, of whom 1,067 required post-79 

HCT intensive care.  The cumulative incidence of PICU admission was 8.3% at day +100, 12.8% at 1 80 

year, and 15.3% at 5 years post HCT. PICU admission was linked to younger age, lower median zip code 81 

income, Black or multiracial background, pre-transplant organ toxicity, pre-transplant CMV 82 

seropositivity, use of umbilical cord blood and/or HLA-mismatched allografts, and the development of 83 

post-HCT graft-versus-host disease or malignancy relapse. Among PICU patients, survival to ICU 84 

discharge was 85.7% but more than half of ICU survivors were readmitted to a PICU during the study 85 

interval.  Overall survival from the time of 1st PICU admission was 52.5% at 1 year and 42.6% at 5 years.  86 

Long-term post-ICU survival was worse among patients with malignant disease (particularly if relapsed), 87 

as well as those with poor pre-transplant organ function and alloreactivity risk-factors. In a landmark 88 

analysis of all 1-year HCT survivors, those who required intensive care in the first year had 10% lower 89 

survival at 5 years (77.1% vs. 87.0%, p<0.001) and developed new dialysis-dependent renal failure at a 90 

greater rate (p<0.001). 91 

Conclusions: Intensive care management is common in pediatric HCT patients.  Survival to ICU 92 

discharge is high, but ongoing complications necessitate recurrent ICU admission and lead to a poor 1-93 
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year outcome in many patients.  Together, these data suggest an ongoing burden of toxicity in pediatric 94 

HCT patients that continues to limit long-term survival.   95 

BACKGROUND 96 

Allogeneic hematopoietic cell transplantation (HCT) offers a potential cure to over thousands of children 97 

annually across the world, including those with high-risk leukemia, immunodeficiencies, 98 

hemoglobinopathies, and other life threatening disorders.1  However, a key barrier to HCT success is the 99 

development of acute organ failure due to chemotherapeutic toxicity, radiation exposure, infection, 100 

genetic predisposition, and impaired or dysregulated immunity.2,3 Children requiring intensive care unit 101 

(ICU) admission suffer >20% mortality, with rates exceeding 45% when intubation and mechanical 102 

ventilation are required.4–6 103 

A prominent goal of transplant and intensive care physicians is to quickly and correctly identify high-risk 104 

patients to stop the advancement of critical illness and prevent irreversible organ failure.7  This is 105 

predicated on compelling evidence indicating that organ failure can be modified by promptly recognizing 106 

and intervening in its early stages.8–11 However, predicting who will require intensive care after HCT has 107 

been challenging due to relatively small patient numbers spread out across multiple institutions with 108 

varying intensive care unit (ICU) admission criteria. Specifically, HCT databases do not capture ICU 109 

transfer data and ICU databases do not rigorously phenotype HCT complexity, precluding deeper 110 

analyses of risk for critical illness.12 111 

All major international HCT organizations recommend following all pediatric patients who undergo HCT 112 

for long-term cardiopulmonary, renal, and multiorgan toxicities as well as for neurodevelopmental 113 

outcomes and health-related quality of life.13–15  These recommendations are even more crucial in light of 114 

estimates that the number of pediatric survivors of HCT doubled between 2009 and 2020, and will likely 115 

double again between 2020 and 2030 to reach an estimated 64,000 patients. However, while recent 116 

reports have shown improved survival to ICU discharge, long-term outcomes are lacking since ICU 117 
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databases do not typically follow patients past ICU discharge.4–6,16  In one report of pediatric HCT 118 

patients who survived to pediatric ICU (PICU) discharge, survival at 1 year was 40% relative to 1-year 119 

survival of 65% in patients who never required PICU admission; this suggests an ongoing burden of 120 

chronic organ toxicity in these vulnerable patients.17 Taken together, these data suggest that both short- 121 

and long-term outcomes for critically ill pediatric HCT patients remain suboptimal, and that the toxicity 122 

of HCT remains a major barrier to a disease-free childhood for many patients.18,19 123 

To address ongoing knowledge gaps regarding risk-factors for critical illness and long-term outcomes, we 124 

merged records from two large research databases to determine the incidence of and risk-factors for post-125 

HCT intensive care.  We followed patients requiring PICU admission for a median of 5-years to 126 

determine long-term outcomes.  To assess the burden of chronic toxicities, we also compared survival and 127 

organ dysfunction in 1-year transplant survivors according to a preceding need for intensive care in the 128 

first year.   129 

 130 

METHODS 131 

Data Sources: The Center For International Blood and Marrow Transplant Research (CIBMTR) is a 132 

research collaboration between the National Marrow Donor Program®/Be The Match® and the Medical 133 

College of Wisconsin.  It comprises over 450 transplant centers worldwide that contribute high-quality 134 

longitudinal data on consecutive allogeneic HCT patients. Participating centers contribute data about 135 

individual patients and their exposures and outcomes. CIBMTR data is collected and reported at two 136 

levels: Transplant Essential Data (TED) and Comprehensive Report Form (CRF). TED data include 137 

disease type, age, sex, pretransplant disease stage, and chemotherapy responsiveness, date of diagnosis, 138 

graft type, conditioning regimen, posttransplant disease progression and survival, development of a new 139 

malignancy, and cause of death. All CIBMTR centers contribute TED data. More detailed clinical 140 

information is collected via the CRF mechanism for a subset of randomly selected patients. Observational 141 
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studies conducted by the CIBMTR are performed in compliance with all applicable federal regulations 142 

pertaining to the protection of human research participants. The Virtual Pediatric Systems (VPS) database 143 

documents PICU admissions across over 140 pediatric hospitals predominantly in the United States and 144 

Canada.  Admission characteristics, severity of illness scores, critical care interventions, and critical care-145 

related diagnosis codes are documented by trained analysts at each site, with >95% inter-rater reliability.  146 

Patients are followed until hospital discharge.   147 

The CIBMTR database was queried for patients who underwent first allogeneic HCT between 2008-2014 148 

at an age ≤21 years in the United States or Canada and were at a HCT site that also submitted data to 149 

VPS.  Patients were excluded for allograft source other than bone marrow, peripheral blood, or umbilical 150 

cord blood; syngeneic donor; lack of consent to use data; or lack of ≥100 days follow-up.  Use of 151 

intensive care at any point after first allogeneic HCT was identified by matching records between 152 

CIBMTR and VPS databases as previously described.4 To avoid analyzing low-risk patients, intensive 153 

care admissions designated as perioperative or scheduled (>12 hours notice) lasting <2 days were 154 

excluded.  All PICU admission data were benchmarked to date of first allogeneic HCT since data on 155 

repeat allogeneic HCT could not be reliably differentiated from other cellular therapies (eg: donor 156 

lymphocyte infusion) in the CIBMTR database during this period of data collection. Patients admitted to 157 

an adult ICU were not included.  Follow-up data were reported to CIBMTR and were abstracted for this 158 

study in the first quarter of 2020. 159 

Outcomes: The primary outcomes were the need for intensive care and long-term mortality after intensive 160 

care.  We performed a landmark analysis of all patients alive at transplant day +365 to determine if prior 161 

need for intensive care was associated with long-term morbidity and mortality.  Approximately half of 162 

CIBMTR patients participated in the data-intensive CRF track; for these patients, the occurrence and start 163 

date of the following toxicities were collected: congestive heart failure; non-infectious pulmonary 164 

dysfunction (interstitial pneumonitis and other non-infectious pulmonary abnormalities including 165 

bronchiolitis obliterans, COP/BOOP, and diffuse alveolar hemorrhage); renal failure severe enough to 166 
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warrant dialysis; non-infectious liver toxicity (including sinusoidal obstruction syndrome, cirrhosis, and 167 

other); stroke/seizure; and diabetes/hyperglycemia.  Clinical changes in each toxicity, such as worsening, 168 

improvement, or resolution, were not captured in CIBMTR. 169 

Covariates: We considered variables in the following categories. Demographics: age at HCT, sex, race, 170 

ethnicity, insurance status, zip code median income, weight classification at HCT. Pre-HCT: disease, 171 

disease status prior to HCT (for malignancy only), HCT Comorbidity Index (HCT-CI), pre-HCT 172 

Lansky/Karnofsky, history of pre-HCT mechanical ventilation, history of pre-HCT invasive fungal 173 

infection.  HCT-related: HCT center size, time from diagnosis to HCT (for malignancy only), graft 174 

source, donor type/match, allograft manipulation, donor/recipient blood types, donor/recipient CMV 175 

status, donor/recipient sex matching, conditioning regimen intensity, conditioning regimen serotherapy, 176 

GVHD prophylaxis regimen.  Post-HCT: achievement of neutrophil engraftment, aGVHD grade, 177 

cGVHD grade, hematologic malignancy relapse.  ICU-related: PICU center size (according to tertile of 178 

HCT patient PICU admission volume), age at PICU admission, weight category at PICU admission, time 179 

interval between HCT and at PICU admission, Pediatric Risk of Mortality Score-3 (PRISM-3); use of 180 

invasive mechanical ventilation (IMV), non-invasive mechanical ventilation (NIV), or renal replacement 181 

therapy (RRT); and presence of Gram-positive, Gram-negative, viral, or fungal infection. The PRISM-3 182 

score ranges from 0 to 47 and is composed of 17 vital sign and laboratory derangements measured in the 183 

first 12 hours of PICU admission.20 184 

Statistical Approach: Descriptive statistics were used to summarize patient characteristics. Cumulative 185 

incidence of being admitted to the intensive care unit was calculated with death being treated as 186 

competing risk.  Cox proportional hazard model was used to identify factors associated with the need for 187 

intensive care. Stepwise model selection was used to identify predictors significantly associated with the 188 

outcome. Only variables significant at the 0.05 level were retained in the final model. Overall survival 189 

probabilities after intensive care admission were calculated using the Kaplan-Meier estimate. Cox 190 

proportional hazard regression with stepwise model selection was used to identify risk factor associated 191 
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with mortality among patients who were admitted to PICU. Covariates which were not known at baseline 192 

(e.g., aGVHD, cGVHD, relapse, use of invasive and non-invasive ventilation) were treated as time-193 

dependent covariates. Next, we explored the difference in survival between patients who were admitted to 194 

PICU within 1 year after HCT and those who were not. Only patients surviving to Day +365 post HCT 195 

were included in this analysis.   Survival after day +365 was estimated using Kaplan Meier curves and 196 

factors associated with overall mortality were assessed using Cox proportional hazard regression with 197 

stepwise model selection. The development of post-HCT organ toxicities among patients alive at day 198 

+365 was assessed in the CRF-track subset of patients using the cumulative incidence function.  Nominal 199 

significance was considered at a p value <0.05. 200 

 201 

RESULTS 202 

Patients: The final cohort included 6,995 pediatric HCT patients from 69 HCT centers; 1,067 patients 203 

required critical care across 79 PICUs (Figure 1a).  Baseline characteristics of included patients are listed 204 

in Table 1 and Supplemental Table 1.  The underlying reason for allogeneic HCT was malignancy in 205 

57%.  Myeloablative conditioning chemotherapy was used in 73% of patients, including total body 206 

irradiation (TBI) in 35% of patients.  HCT allografts were fully HLA-matched in 54% of patients and 207 

obtained most commonly from harvested bone marrow (57%). The largest third of HCT centers (n=23 out 208 

of 69) accounted for 67% of all 1st allogeneic transplants performed.   209 

Need for Intensive Care: Following HCT, the cumulative incidence of PICU admission was 8.3% at day 210 

+100 (95% CI 7.7-9.0), 12.8% at 1 year (95% CI 12.0-13.6), and 15.3% at 5 years post HCT (95% CI 211 

14.5-16.2, Figure 1b).   212 

Multivariable analysis with stepwise variable selection identified 15 risk-factors independently associated 213 

with the need for intensive care (Figure 1c; Supplemental Table 2).  Among demographic factors, 214 

younger age, lower median ZIP code income, Black race (HR 1.33, 95% CI 1.11-1.59, p=0.002), multi-215 
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racial background (HR 2.0, 95% CI 1.50-2.67, p<0.001), and non-Hispanic ethnicity were each associated 216 

with PICU admission.  Pre-transplant organ toxicity was also associated with greater rates of PICU 217 

admission, as measured by an HCT-CI score of ≥3 (HR 1.26, 95% CI 1.06-1.49, p=0.008) or a history of 218 

mechanical ventilation (HR 1.49, 95% CI 1.24-1.79, p<0.001).  Several transplant-related variables were 219 

associated with PICU admission, including transplantation at centers in the lowest tertile of transplant 220 

volume (HR 1.32, 95% CI 1.07-1.63, p=0.009), HCT for underlying inborn errors of metabolism (HR 221 

1.69, 95% CI 1.28-2.23, p<0.001), and recipient CMV positivity (HR 1.46, 95% CI 1.28-1.67, p<0.001).  222 

PICU admission was also associated with the use of umbilical cord blood allografts (HR 1.46, 95% CI 223 

1.18-1.81, p<0.001) and donors other than HLA-identical siblings (eg: partially matched unrelated donor 224 

HR 1.95, 95% CI 1.57-2.43, p<0.001).  Finally, the development of post-transplant complications was 225 

strongly associated with subsequent PICU admission, including aGVHD grade 3-4 (HR 1.65, 95% CI 226 

1.28-2.14, p<0.001), extensive cGVHD (HR 1.80, 95% CI 1.43-2.28, p<0.001), and post-HCT relapse of 227 

malignancy (HR 6.26, 95% CI 5.00-7.84, p<0.001). 228 

Outcomes after Intensive Care Admission: Characteristics of patients at the time of 1st PICU admission 229 

are listed in Table 2.  The per-ICU admission survival rate was 85.7% with a median ICU LOS of 3 days 230 

(IQR 1-11). Whereas 14% died in the first ICU admission, 44% survived but required at least one 231 

additional PICU admission and 42% of patients survived and did not require PICU re-admission during 232 

the study interval. Using CIBMTR longitudinal data, patients were followed from the time of ICU 233 

admission to a median 73 months (range 3-147).  The OS from the time of 1st PICU admission was 52.5% 234 

at 1 year (95% CI 49.5-55.5%), 44.4% at 3 years (95% CI 41.5-47.5%), and 42.6% at 5 years (95% CI 235 

39.6-45.6%, Figure 2a, Supplemental Tables 3-4).  236 

On multivariable analysis, we identified 12 risk-factors independently associated with OS among those 237 

requiring intensive care (Figure 2b, Supplemental Table 5).  Whereas several demographic factors such 238 

as age, race, and ethnicity were associated with the need for intensive care admission, once patients were 239 

admitted to the ICU, demographics and center size were not independently associated with post-ICU 240 
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survival. Whereas HCT for inborn errors of metabolism was associated with greater rates of ICU 241 

admission, among those admitted to the ICU, HCT for malignant disease was instead associated with 242 

worse long-term survival.  This was particularly true of malignancy patients with relapsed disease at the 243 

time of transplant (HR 2.26, 95% CI 1.40-3.64, p<0.001) or relapsed disease after HCT (HR 1.63, 95% CI 244 

1.23-2.17, p<0.001).  In addition to being risk-factors for ICU admission, pre-transplant organ toxicity 245 

(HCT-CI ≥3 HR 1.42, 95% CI 1.15-1.75, p<0.001), use of UCB allografts (HR 1.41, 95% CI 1.08-1.83, 246 

p=0.012), and allograft donors other than HLA-identical siblings (eg: partially matched unrelated donor 247 

HR 1.93, 95% CI 1.45-2.57, p<0.001) were each associated with worse post-ICU survival. Interestingly, 248 

although 29% of patients did not have neutrophil engraftment at the time of PICU admission, most of 249 

these patients achieved neutrophil engraftment during or after ICU stay, and neutrophil engraftment status 250 

at the time of PICU admission was not associated with post-ICU survival (p>0.05). We considered that 251 

post-HCT complications may vary according to time post-HCT, with some complications appearing in 252 

the early neutropenic phase and others months later.  In this analysis, we found that patients who required 253 

PICU admission after day +30 had worse long-term survival compared to those who required PICU in the 254 

first 30 days (i.e.: PICU admission 30-99 days post-HCT, HR 1.29, 95% CI 1.0-31.61, p=0.029). 255 

Analysis of 1-year Survivors: Among the subset of the cohort who were alive with follow-up at day 256 

+365 (n=5,353 patients), approximately 9% had required intensive care prior to day +365 (n=481).  When 257 

these 1-year survivors were followed to 5 years post-HCT, the overall survival was approximately 10% 258 

lower among those who had required intensive care in the first year (77.1%, 95% CI 73.2-80.8% vs. 259 

87.0%, 95% CI 86.1-88%, p<0.001), corresponding to a hazard ratio of 1.82 (95% CI 1.50-2.22, p<0.001, 260 

Figure 3a, Supplemental Table 6).  Cause-specific mortality among the subset with malignancy showed 261 

an approximately 4-fold excess burden of TRM by transplant year 5 in the PICU-exposed group relative 262 

to the PICU-unexposed (19.4%, 95% CI 14.1-25.2 vs. 5.6%, 95% CI 4.7-6.6, p<0.001, Figure 3b). In 263 

contrast, rates of relapse after 1 year were comparable regardless of PICU exposure (Supplemental 264 

Tables 7-8).   265 
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On multivariable analysis, the excess mortality after day +365 among PICU-exposed was most 266 

pronounced in those who required PICU after day +30.  Specifically, PICU admission between HCT day 267 

30-99 (HR 1.89, 95% CI 1.27-2.82) or between HCT day 100-365 (HR 2.20, 95% CI 1.69-2.86, p<0.001) 268 

were associated with worse outcomes among 1-year survivors, whereas PICU admission in the first 30 269 

days post-HCT did not have excess mortality beyond non-PICU patients if alive at 1 year (HR 1.19, 95% 270 

CI 0.80-1.78, p=0.395).  This finding was robust to adjustment for several other factors, including pre-271 

transplant illness severity (HCT-CI, Karnofsky score), transplant variables (recipient CMV+, malignant 272 

disease, use of PB or UCB allograft, allograft donor other than HLA-matched sibling), and post-HCT 273 

complications (development of cGVHD or relapse prior to one year; Figure 4c, Supplemental Table 9). 274 

Organ toxicity data from CIBMTR were available on approximately half of the patients.  Patients who 275 

required critical care in the first year post-HCT showed a greater prevalence of renal failure, diabetes, 276 

liver toxicity, stroke/seizure, and non-infectious pulmonary dysfunction at one-year post-HCT (p<0.001), 277 

demonstrating the burden of illness persisted beyond the immediate PICU admission for some patients 278 

(Supplemental Table 10).  Patients who required critical care in the first year post-HCT also showed 279 

significantly greater risk of developing new-onset renal failure after day +365 (increase of 4.9% in PICU-280 

exposed vs. 1.6% in PICU non-exposed, p<0.001; Table 3).  We did not detect a differential increase in 281 

the development of diabetes, liver toxicity, stroke/seizure, or non-infectious pulmonary dysfunction after 282 

day +365 according to whether PICU was required in the first year, although we could not account for 283 

changes or progression in the severity of existing disease. 284 

 285 

DISCUSSION 286 

We report an approximately 15% cumulative incidence of intensive care admission within 5 years 287 

following pediatric HCT, with 85% survival to 1st ICU discharge and 52% survival at 1-year post-1st ICU 288 

admission.  Importantly, ICU survivors alive at 1-year post-HCT still had worse long-term outcomes 289 
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including OS, TRM, and new dialysis-dependent renal failure when followed to 5 years post-HCT.  290 

Together, these data suggest an ongoing burden of toxicity in pediatric HCT patients that continues to 291 

limit long-term survival.   292 

First, our report of approximately 8% cumulative incidence of PICU admission within the first 100 days 293 

and 15% by year 5 is less than other single-center reports citing 17-35%, which may be due to increased 294 

intensity of supportive care outside of the ICU, our exclusion of perioperative and planned ICU 295 

admissions, or other factors.21–23  Of 69 transplant centers, the third of centers with the highest HCT 296 

volume (n=23 centers) accounted for approximately two-thirds of HCT volume and PICU admissions, 297 

demonstrating the regionalization of care of these high risk patients.  Patients transplanted at a smaller 298 

center had increased adjusted risk of ICU admission.  The risk for ICU admission associated with younger 299 

age and underlying inherited disorders of metabolism may be related to more challenging fluid and 300 

airway management in these patients and could be incorporated into patient counseling.24–26  The 301 

identification of Black and multi-racial background and lower median ZIP code income as risk-factors for 302 

post-HCT PICU admission merits further investigation, although these factors were not associated with 303 

survival after PICU admission.27–30  Finally, the impact of measures of pre-HCT organ toxicity (higher 304 

HCT-CI, history of mechanical ventilation) emphasizes the need to optimize organ function in HCT 305 

candidates and modify the approach to HCT to increase safety for medically frail patients.  Interestingly, 306 

time to neutrophil engraftment was not associated with need for intensive care. 307 

Of the patients who required intensive care, we identified a significant discrepancy between survival to 308 

ICU discharge (86%) and survival to 1-year post-ICU (53%).  Previous reports have suggested ICU 309 

survival as low as 20-40%, precluding long-term analyses due to so few survivors.23,31–34 Our data suggest 310 

that while survival to ICU discharge is contemporaneously feasible, nearly half of patients required 311 

subsequent ICU readmission during the study interval, which could be due to pre-existing medical frailty 312 

or ongoing problems such as alloreactivity or poor immune function.  As such, survival with future ICU 313 

readmission was the most common outcome (44%), ahead of survival without future ICU admission 314 
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(42%) or ICU death (14%).  Therefore, preservation of organ function during each episode of critical 315 

illness is crucial to optimizing survival in future episodes of critical illness.35  Among ICU patients, those 316 

with malignant disease, particularly if relapsed going into or after HCT, were of particularly high risk for 317 

poor long-term survival due to the competing risks of relapse and TRM.  The PRISM-3 score, a metric of 318 

multi-organ dysfunction measured in the first 12 hours of PICU transfer, was strongly associated with 319 

long-term outcomes independent of the need for mechanical ventilation or dialysis.  While this reiterates 320 

that it is important to limit the extent and severity of organ dysfunction, it also indicates the importance of 321 

the timing of organ dysfunction relative to ICU care.  Studies of early transfer prior to clinical 322 

decompensation have shown promising results in reducing adverse events.36,37  Of note, although 26% of 323 

patients had not achieved neutrophil engraftment at the time of PICU transfer, this was not associated 324 

with worse mortality, and the majority (73%) went on to achieve neutrophil engraftment, suggesting that 325 

aggressive supportive care ought not be withheld from patients purely based on neutrophil engraftment 326 

status.38 327 

Finally, in a landmark analysis of all HCT patients alive at day +365, we found that those who required 328 

intensive care in the first year had 10% greater absolute mortality when followed to 5 years post-HCT 329 

compared to patients who did not require intensive care in the first year, which was largely attributable to 330 

a 4-fold increased risk of TRM.  Studies of long-term outcomes in critically ill children are sparse.  331 

Duncan et al previously showed worse 1-year outcomes in survivors of intensive care; our study extends 332 

these findings to 5-years and emphasizes the chronicity of many post-transplant complications.17  This 333 

risk appeared highest in patients requiring PICU after day +30, again suggesting that transplant 334 

complications such as alloreactivity and poor immune function may bear worse prognosis whereas early 335 

toxicities related to neutropenia, engraftment, and early fluid overload may be more manageable. 336 

Given the high overall survival among patients alive at day +365, we analyzed the incidence of specific 337 

organ toxicities, including development prior to and after day +365. As expected, patients who used 338 

intensive care in the first year and survived to day +365 had significantly greater rates of organ toxicity in 339 
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the first year.  Whereas Broglie et al recently reported a 12% incidence of non-infectious pulmonary 340 

toxicity at 1-year in all pediatric recipients of HCT, our data suggest a much greater burden of 341 

approximately 23% at 1-year among those who survived critical illness.2  As pulmonary function test 342 

(PFT) abnormalities may persist beyond 1-2 years post-HCT in many children, this highlights the need 343 

for special attention to follow-up among patients who required intensive care.3,39,40 However,  after 1-year, 344 

there was a relatively small proportion of patients who developed new non-infectious organ toxicities, 345 

ranging from 0.6-6%. Interestingly, those who required intensive care in the 1st year had a greater 346 

incidence of new-onset dialysis-dependent renal failure after day +365, which is consistent with recent 347 

reports and suggests a subset of patients with ongoing progression of AKI/chronic kidney disease 348 

pathobiology.41  Efforts to monitor, mitigate, and address chronic toxicities of pediatric HCT should 349 

remain a priority for the field. 350 

This is the largest reported cohort of critically ill pediatric HCT patients with high-quality follow-up to 5 351 

years post-intensive care.  Nonetheless, several limitations warrant discussion.  First, transplant and ICU 352 

practices may have changed since this cohort was merged; further efforts to streamline multi-database 353 

merging so as to deliver more contemporary data are needed. Second, repeat HCT could not be 354 

differentiated from donor lymphocyte infusion (DLI) in the CIBMTR database and therefore was not 355 

addressed.  Third, CIBMTR organ toxicity fields are only reported for research-level participants, include 356 

somewhat broad categories, and identify the start point of a complication but do not indicate progression 357 

or resolution.  Fourth, nearly 1,500 patients were excluded from CIBMTR use due to lack of consent, 358 

which might introduce selection bias.  Fifth, time from first allogeneic HCT to first PICU admission 359 

ranged considerably, and the factors associated with early PICU admission (ie.: within 30 days) may be 360 

different than those associated with later PICU admission (i.e.: after day +100). 361 

 362 

CONCLUSION 363 
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In summary, we report an approximately 15% cumulative incidence of intensive care admission within 5 364 

years after pediatric HCT, with 85% survival to 1st ICU discharge and 52% survival at 1-year post-1st ICU 365 

admission. Major risk factors for critical illness included measures of pre-HCT organ toxicity and 366 

predisposition to (or development of) post-HCT alloreactivity or malignancy relapse.  ICU survivors alive 367 

at 1-year post-HCT had worse long-term outcomes including OS, TRM, and new dialysis-dependent renal 368 

failure when followed to 5 years post-HCT. However, accrual of other new organ toxicities was minimal 369 

among 1-year survivors. These data can be used for patient prognostication and should be targeted in 370 

future investigations focused on improving outcomes following pediatric allogeneic HCT. 371 

  372 
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FIGURE LEGENDS 373 

 374 

Figure 1: (A) Inclusion/exclusion flow diagram.  (B) Cumulative incidence of PICU admission after 375 

allogeneic HCT.  (B) Factors independently associated with post-HCT PICU admission in multivariable 376 

competing risk-regression model. 377 

 378 

Figure 2: (A) Kaplan Meier estimates of overall survival from the time of PICU admission for all patients 379 

(top left) and malignant vs. non-malignant patients (top middle).  Cumulative incidence of treatment-380 

related mortality (bottom left) and relapse (bottom middle) among patients transplanted for malignancy 381 

are also shown. (B) Factors independently associated with long-term survival from the time of PICU 382 

admission to last follow-up in multivariable Cox regression. 383 

 384 

Figure 3: (A) Landmark analysis of only patients surviving to HCT day +365.  Kaplan Meier estimates of 385 

overall survival from transplant day +365 for all patients (top left), those with malignant disease (top 386 

middle), and those with non-malignant disease (bottom left), stratified by need for intensive care in the 387 

first year post-HCT. Cumulative incidence of treatment-related mortality (bottom middle) among patients 388 

transplanted for malignancy is also shown. (B) Among those alive at HCT day +365, factors 389 

independently associated with long-term survival from transplant day +365 to last follow-up in 390 

multivariable Cox regression. 391 

  392 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 18 of 25 

 

REFERENCES 393 

1.  D’Souza A, Fretham C, Lee SJ, Aurora M, Brunner J, Chhabra S, Devine S, Eapen M, Hamadani M, 394 

Hari P, Pasquini MC, Phelan RA, Riches ML, Rizzo JD, Saber W, Shaw BE, Spellman SR, Steinert 395 

P, Weisdorf DJ, Horowitz MM. Current Use and Trends in Hematopoietic Cell Transplantation in the 396 

United States. Biol Blood Marrow Transplant. Elsevier; 2020;26(8):e177-182.  397 

2.  Broglie L, Fretham C, Al-Seraihy A, George B, Kurtzberg J, Loren A, MacMillan M, Martinez C, 398 

Davies SM, Pasquini MC. Pulmonary Complications in Pediatric and Adolescent Patients Following 399 

Allogeneic Hematopoietic Cell Transplantation. Biol Blood Marrow Transplant J Am Soc Blood 400 

Marrow Transplant. 2019 Oct;25(10):2024–2030. PMCID: PMC7262781 401 

3.  Kaya Z, Weiner DJ, Yilmaz D, Rowan J, Goyal RK. Lung function, pulmonary complications, and 402 

mortality after allogeneic blood and marrow transplantation in children. Biol Blood Marrow 403 

Transplant J Am Soc Blood Marrow Transplant. United States; 2009;15(7):817–826.  404 

4.  Zinter MS, Logan BR, Fretham C, Sapru A, Abraham A, Aljurf MD, Arnold SD, Artz A, Auletta JJ, 405 

Chhabra S, Copelan E, Duncan C, Gale RP, Guinan E, Hematti P, Keating AK, Marks DI, Olsson R, 406 

Savani BN, Ustun C, Williams KM, Pasquini MC, Dvorak CC. Comprehensive Prognostication in 407 

Critically Ill Pediatric Hematopoietic Cell Transplant Patients: Results from Merging the Center for 408 

International Blood and Marrow Transplant Research (CIBMTR) and Virtual Pediatric Systems 409 

(VPS) Registries. Biol Blood Marrow Transplant J Am Soc Blood Marrow Transplant. United States: 410 

. Published by Elsevier Inc; 2020;26(2):333–342.  411 

5.  Zinter MS, Dvorak CC, Spicer A, Cowan MJ, Sapru A. New Insights Into Multicenter PICU 412 

Mortality Among Pediatric Hematopoietic Stem Cell Transplant Patients. Crit Care Med. United 413 

States; 2015;43(9):1986–1994.  414 

6.  Rowan CM, McArthur J, Hsing DD, Gertz SJ, Smith LS, Loomis A, Fitzgerald JC, Nitu ME, Moser 415 

EAS, Duncan CN, Mahadeo KM, Moffet J, Hall MW, Pinos EL, Tamburro RF, Cheifetz IM, 416 

Investigators of the Pediatric Acute Lung Injury and Sepsis Network. Acute Respiratory Failure in 417 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 19 of 25 

 

Pediatric Hematopoietic Cell Transplantation: A Multicenter Study. Crit Care Med. United States; 418 

2018;46(10):e967–e974.  419 

7.  Elbahlawan L, Srinivasan A, Morrison RR. A critical care and transplant-based approach to acute 420 

respiratory failure after hematopoietic stem cell transplantation in children. Biol Blood Marrow 421 

Transplant J Am Soc Blood Marrow Transplant. American Society for Blood and Marrow 422 

Transplantation. Published by Elsevier Inc; 2015;(Journal Article).  423 

8.  Inwald DP, Tasker RC, Peters MJ, Nadel S, Paediatric Intensive Care Society Study Group (PICS-424 

SG). Emergency management of children with severe sepsis in the United Kingdom: the results of the 425 

Paediatric Intensive Care Society sepsis audit. Arch Dis Child. England; 2009;94(5):348–353.  426 

9.  Lee DS, Suh GY, Ryu JA, Chung CR, Yang JH, Park CM, Jeon K. Effect of Early Intervention on 427 

Long-Term Outcomes of Critically Ill Cancer Patients Admitted to ICUs. Crit Care Med. United 428 

States; 2015;43(7):1439–1448.  429 

10.  Song JU, Suh GY, Park HY, Lim SY, Han SG, Kang YR, Kwon OJ, Woo S, Jeon K. Early 430 

intervention on the outcomes in critically ill cancer patients admitted to intensive care units. Intensive 431 

Care Med. United States; 2012;38(9):1505–1513.  432 

11.  Fausser JL, Tavenard A, Rialland F, Le Moine P, Minckes O, Jourdain A, Tirel O, Pellier I, 433 

Gandemer V. Should We Pay Attention to the Delay Before Admission to a Pediatric Intensive Care 434 

Unit for Children With Cancer? Impact on 1-Month Mortality. A Report From the French Children’s 435 

Oncology Study Group, GOCE. J Pediatr Hematol Oncol. United States; 2017;39(5):e244–e248.  436 

12.  Tamburro RF, Cooke KR, Davies SM, Goldfarb S, Hagood JS, Srinivasan A, Steiner ME, Stokes D, 437 

DiFronzo N, El-Kassar N, Shelburne N, Natarajan A, Pulmonary Complications of Pediatric 438 

Hematopoietic Stem Cell Transplantation Workshop Participants. Pulmonary Complications of 439 

Pediatric Hematopoietic Stem Cell Transplantation (HCT): An NIH Workshop Summary. Ann Am 440 

Thorac Soc. 2020 Oct 15; PMID: 33058742 441 

13.  Nieder ML, McDonald GB, Kida A, Hingorani S, Armenian SH, Cooke KR, Pulsipher MA, Baker 442 

KS. National Cancer Institute-National Heart, Lung and Blood Institute/pediatric Blood and Marrow 443 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 20 of 25 

 

Transplant Consortium First International Consensus Conference on late effects after pediatric 444 

hematopoietic cell transplantation: long-term organ damage and dysfunction. Biol Blood Marrow 445 

Transplant J Am Soc Blood Marrow Transplant. United States: American Society for Blood and 446 

Marrow Transplantation. Published by Elsevier Inc; 2011;17(11):1573–1584.  447 

14.  DeFilipp Z, Duarte RF, Snowden JA, Majhail NS, Greenfield DM, Miranda JL, Arat M, Baker KS, 448 

Burns LJ, Duncan CN, Gilleece M, Hale GA, Hamadani M, Hamilton BK, Hogan WJ, Hsu JW, 449 

Inamoto Y, Kamble RT, Lupo-Stanghellini MT, Malone AK, McCarthy P, Mohty M, Norkin M, 450 

Paplham P, Ramanathan M, Richart JM, Salooja N, Schouten HC, Schoemans H, Seber A, Steinberg 451 

A, Wirk BM, Wood WA, Battiwalla M, Flowers ME, Savani BN, Shaw BE, CIBMTR Late Effects 452 

and Quality of Life Working Committee, EBMT Complications and Quality of Life Working Party. 453 

Metabolic Syndrome and Cardiovascular Disease after Hematopoietic Cell Transplantation: 454 

Screening and Preventive Practice Recommendations from the CIBMTR and EBMT. Biol Blood 455 

Marrow Transplant J Am Soc Blood Marrow Transplant. United States: American Society for Blood 456 

and Marrow Transplantation. Published by Elsevier Inc; 2016;22(8):1493–1503.  457 

15.  Parsons SK, Phipps S, Sung L, Baker KS, Pulsipher MA, Ness KK. NCI, NHLBI/PBMTC First 458 

International Conference on Late Effects after Pediatric Hematopoietic Cell Transplantation: health-459 

related quality of life, functional, and neurocognitive outcomes. Biol Blood Marrow Transplant J Am 460 

Soc Blood Marrow Transplant. United States: American Society for Blood and Marrow 461 

Transplantation. Published by Elsevier Inc; 2012;18(2):162–171.  462 

16.  Lindell RB, Gertz SJ, Rowan CM, McArthur J, Beske F, Plunkett A, Weiss SL, Thomas NJ, 463 

Nadkarni VM, Fitzgerald JC, Sepsis PRevalence Ou and Therapies Study Investigators and the 464 

Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) Network. High Levels of Morbidity 465 

and Mortality Among Pediatric Hematopoietic Cell Transplant Recipients With Severe Sepsis: 466 

Insights From the Sepsis PRevalence, OUtcomes, and Therapies International Point Prevalence 467 

Study. Pediatr Crit Care Med J Soc Crit Care Med World Fed Pediatr Intensive Crit Care Soc. United 468 

States; 2017;18(12):1114–1125.  469 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 21 of 25 

 

17.  Duncan CN, Brazauskas R, Huang J, Shaw BE, Majhail NS, Savani BN, Flowers MED, Battiwalla 470 

M, Beebe K, Dietz AC, Dvorak CC, Giller R, Jacobsohn DA, Kletzel M, Martin PL, Nemecek ER, 471 

Nuechterlein B, Talano JA, Pulsipher MA, Baker KS. Late cardiovascular morbidity and mortality 472 

following pediatric allogeneic hematopoietic cell transplantation. Bone Marrow Transplant. England; 473 

2018;53(10):1278–1287.  474 

18.  Vrooman LM, Millard HR, Brazauskas R, Majhail NS, Battiwalla M, Flowers ME, Savani BN, 475 

Akpek G, Aljurf M, Bajwa R, Baker KS, Beitinjaneh A, Bitan M, Buchbinder D, Chow E, Dandoy C, 476 

Dietz AC, Diller L, Gale RP, Hashmi SK, Hayashi RJ, Hematti P, Kamble RT, Kasow KA, Kletzel 477 

M, Lazarus HM, Malone AK, Marks DI, O’Brien TA, Olsson RF, Ringden O, Seo S, Steinberg A, 478 

Yu LC, Warwick A, Shaw B, Duncan C. Survival and Late Effects after Allogeneic Hematopoietic 479 

Cell Transplantation for Hematologic Malignancy at Less than Three Years of Age. Biol Blood 480 

Marrow Transplant J Am Soc Blood Marrow Transplant. 2017 Aug;23(8):1327–1334. PMCID: 481 

PMC5666571 482 

19.  Leung W, Ahn H, Rose SR, Phipps S, Smith T, Gan K, O’Connor M, Hale GA, Kasow KA, Barfield 483 

RC, Madden RM, Pui CH. A prospective cohort study of late sequelae of pediatric allogeneic 484 

hematopoietic stem cell transplantation. Medicine (Baltimore). 2007 Jul;86(4):215–224. PMID: 485 

17632263 486 

20.  Pollack MM, Holubkov R, Funai T, Dean JM, Berger JT, Wessel DL, Meert K, Berg RA, Newth CJ, 487 

Harrison RE, Carcillo J, Dalton H, Shanley T, Jenkins TL, Tamburro R, Eunice Kennedy Shriver 488 

National Institute of Child Health and Human Development Collaborative Pediatric Critical Care 489 

Research Network. The Pediatric Risk of Mortality Score: Update 2015. Pediatr Crit Care Med J Soc 490 

Crit Care Med World Fed Pediatr Intensive Crit Care Soc. United States; 2016;17(1):2–9.  491 

21.  Diaz MA, Vicent MG, Prudencio M, Rodriguez F, Marin C, Serrano A, Sevilla J, Casado J, Madero 492 

L. Predicting factors for admission to an intensive care unit and clinical outcome in pediatric patients 493 

receiving hematopoietic stem cell transplantation. Haematologica. Italy; 2002;87(3):292–298.  494 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 22 of 25 

 

22.  Tamburro RF, Barfield RC, Shaffer ML, Rajasekaran S, Woodard P, Morrison RR, Howard SC, Fiser 495 

RT, Schmidt JE, Sillos EM. Changes in outcomes (1996-2004) for pediatric oncology and 496 

hematopoietic stem cell transplant patients requiring invasive mechanical ventilation. Pediatr Crit 497 

Care Med J Soc Crit Care Med World Fed Pediatr Intensive Crit Care Soc. United States; 498 

2008;9(3):270–277.  499 

23.  van Gestel JP, Bollen CW, van der Tweel I, Boelens JJ, van Vught AJ. Intensive care unit mortality 500 

trends in children after hematopoietic stem cell transplantation: a meta-regression analysis. Crit Care 501 

Med. United States; 2008;36(10):2898–2904.  502 

24.  Zinter MS, Spicer AC, Liu KD, Orwoll BE, Alkhouli MF, Brakeman PR, Calfee CS, Matthay MA, 503 

Sapru A. Positive Cumulative Fluid Balance Is Associated With Mortality in Pediatric Acute 504 

Respiratory Distress Syndrome in the Setting of Acute Kidney Injury. Pediatr Crit Care Med J Soc 505 

Crit Care Med World Fed Pediatr Intensive Crit Care Soc. 2019 Apr;20(4):323–331. PMCID: 506 

PMC6454886 507 

25.  Arn P, Bruce IA, Wraith JE, Travers H, Fallet S. Airway-Related Symptoms and Surgeries in Patients 508 

With Mucopolysaccharidosis I. Ann Otol Rhinol Laryngol. 2015 Mar;124(3):198–205. PMCID: 509 

PMC4361463 510 

26.  Boelens JJ, Aldenhoven M, Purtill D, Ruggeri A, Defor T, Wynn R, Wraith E, Cavazzana-Calvo M, 511 

Rovelli A, Fischer A, Tolar J, Prasad VK, Escolar M, Gluckman E, O’Meara A, Orchard PJ, Veys P, 512 

Eapen M, Kurtzberg J, Rocha V, Eurocord, Inborn Errors Working Party of European Blood and 513 

Marrow Transplant group, Duke University Blood and Marrow Transplantation Program, Centre for 514 

International Blood and Marrow Research. Outcomes of transplantation using various hematopoietic 515 

cell sources in children with Hurler syndrome after myeloablative conditioning. Blood. United States; 516 

2013;121(19):3981–3987.  517 

27.  Bona K, Brazauskas R, He N, Lehmann L, Abdel-Azim H, Ahmed IA, Al-Homsi AS, Aljurf M, 518 

Arnold SD, Badawy SM, Battiwalla M, Beattie S, Bhatt NS, Dalal J, Dandoy CE, Diaz MA, Frangoul 519 

HA, Freytes CO, Ganguly S, George B, Gomez-Almaguer D, Hahn T, Kamble RT, Knight JM, 520 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 23 of 25 

 

LeMaistre CF, Law J, Lazarus HM, Majhail NS, Olsson RF, Preussler J, Savani BN, Schears R, Seo 521 

S, Sharma A, Srivastava A, Steinberg A, Szwajcer D, Wirk B, Yoshimi A, Khera N, Wood WA, 522 

Hashmi S, Duncan CN, Saber W. Neighborhood poverty and pediatric allogeneic hematopoietic cell 523 

transplantation outcomes: a CIBMTR analysis. Blood. 2021 Jan 28;137(4):556–568. PMCID: 524 

PMC7845011 525 

28.  Bhandari R, Teh JB, He T, Nakamura R, Artz AS, Jankowska MM, Forman SJ, Wong FL, Armenian 526 

SH. Social Vulnerability and Risk of Nonrelapse Mortality After Allogeneic Hematopoietic Cell 527 

Transplantation. J Natl Cancer Inst. 2022 Nov 14;114(11):1484–1491. PMCID: PMC9664181 528 

29.  Abraham IE, Rauscher GH, Patel AA, Pearse WB, Rajakumar P, Burkart M, Aleem A, Dave A, 529 

Bharadwaj S, Paydary K, Acevedo-Mendez M, Goparaju K, Gomez R, Carlson K, Tsai SB, Quigley 530 

JG, Galvin JP, Zia M, Larson ML, Berg S, Stock W, Altman JK, Khan I. Structural racism is a 531 

mediator of disparities in acute myeloid leukemia outcomes. Blood. 2022 Apr 7;139(14):2212–2226. 532 

PMCID: PMC9710198 533 

30.  Winestone LE. Naming racism: the first step. Blood. 2022 Apr 7;139(14):2098–2099. PMID: 534 

35389447 535 

31.  Kache S, Weiss IK, Moore TB. Changing outcomes for children requiring intensive care following 536 

hematopoietic stem cell transplantation. Pediatr Transplant. Denmark; 2006;10(3):299–303.  537 

32.  Jacobe SJ, Hassan A, Veys P, Mok Q. Outcome of children requiring admission to an intensive care 538 

unit after bone marrow transplantation. Crit Care Med. United States; 2003;31(5):1299–1305.  539 

33.  Fernandez-Garcia M, Gonzalez-Vicent M, Mastro-Martinez I, Serrano A, Diaz MA. Intensive Care 540 

Unit Admissions Among Children After Hematopoietic Stem Cell Transplantation: Incidence, 541 

Outcome, and Prognostic Factors. J Pediatr Hematol Oncol. 2015;(Journal Article).  542 

34.  Aspesberro F, Guthrie KA, Woolfrey AE, Brogan TV, Roberts JS. Outcome of pediatric 543 

hematopoietic stem cell transplant recipients requiring mechanical ventilation. J Intensive Care Med. 544 

United States; 2014;29(1):31–37.  545 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 24 of 25 

 

35.  Hannegård Hamrin T, Eksborg S. Risks for death after admission to pediatric intensive care (PICU)-546 

A comparison with the general population. PloS One. 2022;17(10):e0265792. PMCID: PMC9543762 547 

36.  Agulnik A, Forbes PW, Stenquist N, Rodriguez-Galindo C, Kleinman M. Validation of a Pediatric 548 

Early Warning Score in Hospitalized Pediatric Oncology and Hematopoietic Stem Cell Transplant 549 

Patients. Pediatr Crit Care Med J Soc Crit Care Med World Fed Pediatr Intensive Crit Care Soc. 550 

2016;(Journal Article).  551 

37.  Agulnik A, Gossett J, Carrillo AK, Kang G, Morrison RR. Abnormal Vital Signs Predict Critical 552 

Deterioration in Hospitalized Pediatric Hematology-Oncology and Post-hematopoietic Cell 553 

Transplant Patients. Front Oncol. 2020;10:354. PMCID: PMC7105633 554 

38.  Zaidman I, Mohamad H, Shalom L, Ben Arush M, Even-Or E, Averbuch D, Zilkha A, Braun J, 555 

Mandel A, Kleid D, Attias O, Ben-Ari J, Brooks R, Gefen A, Stepensky P. Survival of pediatric 556 

patients requiring admission in the intensive care unit post hematopoietic stem cell transplantation: 557 

Prognostic factors associated with mortality. Pediatr Blood Cancer. 2022 Mar;69(3):e29549. PMID: 558 

34968007 559 

39.  Srinivasan A, Sunkara A, Mitchell W, Sunthankar S, Kang G, Stokes DC, Srinivasan S. Recovery of 560 

Pulmonary Function after Allogeneic Hematopoietic Cell Transplantation in Children is Associated 561 

with Improved Survival. Biol Blood Marrow Transplant J Am Soc Blood Marrow Transplant. United 562 

States: The American Society for Blood and Marrow Transplantation. Published by Elsevier Inc; 563 

2017;23(12):2102–2109.  564 

40.  Quigg TC, Kim YJ, Goebel WS, Haut PR. Lung function before and after pediatric allogeneic 565 

hematopoietic stem cell transplantation: a predictive role for DLCOa/VA. J Pediatr Hematol Oncol. 566 

United States; 2012;34(4):304–309.  567 

41.  Wu NL, Hingorani S, Cushing-Haugen KL, Lee SJ, Chow EJ. Late Kidney Morbidity and Mortality 568 

in Hematopoietic Cell Transplant Survivors. Transplant Cell Ther. 2021 May;27(5):434.e1-434.e6. 569 

PMCID: PMC8168640 570 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Page 25 of 25 

 

 571 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted August 5, 2023. ; https://doi.org/10.1101/2023.07.31.23293444doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.31.23293444
http://creativecommons.org/licenses/by-nc-nd/4.0/


Relapse (malignant diseases only)
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Missing
Yes
No

Hazard Ratio (95% CI)

Demographic Variables:

Pre-Transplant Variables:

Transplant Variables:

Post-Transplant Variables:
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• N=48 syngeneic donor
• N=1,449 no consent for research
• N=30 lack of 100 day follow-up
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12 month cumulative incidence:
12.8% (95% CI 12.0-13.6)

5 year cumulative incidence:
15.3% (95% CI 14.5-16.2)
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