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Background: During hematopoietic stem and progenitor cell collection from 

the bone marrow under anesthesia, pediatric donors are exposed to potential 

complications including hypotension, pain, blood transfusion, endotracheal 

intubation risks, prone positioning injuries, and postoperative nausea and 

vomiting (PONV). We evaluated the overall incidence and severity of adverse 

events to identify opportunities to improve perioperative outcomes for this 

unique population.

Methods: With institutional review board approval, all donors under 18 years of 

age who had bone marrow harvest under general anesthesia between 2010 and 

2024 at our institution were included in this retrospective study. Autologous 

donors and donors whose cells were collected by apheresis without 

anesthesia were excluded.

Results: The study included 61 donors with a mean age of 9.62 years, mean 

donor/recipient weight ratio of 1.57, mean harvest volume of 14.2 mL/kg 

donor weight, and mean fasting duration for clear liquids and solids of 9.31 

and 11.3 h, respectively. Twenty-nine (47.5%) experienced at least 1 adverse 

event. 10 (16.4%) donors experienced at least 1 cardiovascular adverse event. 

Out of ten episodes of significant hypotension events, 4 donors required 

vasopressors intraoperatively, 2 experienced dizziness in the post-anesthesia 

care unit (PACU), and 4 experienced symptomatic hypotension after 

discharge from the PACU. One infant required blood product transfusion. Six 

donors (9.8%) experienced post-operative nausea vomiting (PONV), and 7 

others (11.5%) experienced post-discharge vomiting. There was one overnight 

admission, 1 readmission, and 2 unanticipated visits.

Conclusions: This single institution study highlights improvement opportunities 

for the perioperative care of pediatric bone marrow donors. We propose 

strategies to optimize preoperative fasting, intraoperative analgesia, and 

antiemetic prophylaxis and recommend a procedure-specific intravenous 

fluid replacement calculator, and admission and discharge criteria for bone 

marrow donors.
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1 Introduction

Pediatric bone marrow donors undergo a procedure that 

provides the donor with no immediate physical benefits but may 

result in some long-term psychological and physical benefits (1, 

2). Donors may experience postoperative pain, cardiovascular 

adverse events (AEs) associated with rapid, high-volume blood 

loss, and other complications associated with anesthesia, 

endotracheal intubation, prone positioning, and blood product 

transfusion. Younger donors and those with more severe illness 

may experience severe AEs and require blood product 

transfusion (3, 4). In addition, as hematopoietic stem cell 

harvest is an outpatient procedure, health care providers rely 

heavily on caregivers to seek support for AEs that occur after 

discharge. We conducted this study on perioperative outcomes 

for pediatric bone marrow donors in response to reports of AEs 

at our institution. These AEs included hypotension during 

anesthesia that required intervention and a cardiovascular event 

that occurred in patient housing after hospital discharge. Our 

aim was to understand the overall incidence and severity of AEs, 

identify improvement opportunities, and improve perioperative 

outcomes for this unique population.

2 Methods

This retrospective study was approved by the Institutional 

Review Board (IRB) at St. Jude Children’s Research Hospital 

(IRB number 20-0505, reference 007980). All donors under 18 

years of age who underwent a bone marrow harvest procedure 

under general anesthesia between 2010 and 2024 at our 

institution, with an electronic health record were included. This 

timeline was chosen to maximize the sample size in view of 

rarity of these procedures. Donors without electronic health 

record, autologous donors and donors whose cells were 

collected by apheresis were excluded (Figure 1).

This was an outpatient procedure. Anesthetic management 

was at the discretion of the patient’s anesthesia care team. No 

major differences in the anesthetic technique were anticipated 

during the study period. Patients were discharged from the 

post-anesthesia care unit (PACU) to their caregivers in hospital 

housing with the option to return for an unscheduled visit to 

the acute care clinic if needed. There were no procedure- 

specific discharge criteria. Patients returned the next morning 

for a scheduled laboratory test appointment. There were no 

perioperative intravenous (IV) ?uid or blood product 

administration protocols for these procedures during the study 

period. The protocols for bone marrow collection for 

autologous or allogeneic hematopoietic progenitor cell 

transplantation were based on the institutional guidelines (5). 

During the study period, our fasting policy involved fasting 

from clear liquids for 2 h, solids (including non-human milk) 

for 8 h, and breast milk for 3 h prior to anesthesia. This 

changed to 1 h for clear liquids and 6 h for non-human milk 

in August 2021.

Pre-anesthesia data included donor demographics and 

comorbidities, along with preanesthetic clinical parameters such 

as donors’ and recipients’ ages and weights. Resolved 

comorbidities, defined as clinical conditions experienced by the 

patients in the past that were resolved at the time of admission 

for the procedure, were excluded. Intraoperative data included 

anesthetic technique, clinical parameters, medications, IV ?uid 

and blood products, bone marrow harvest volume, and AEs. 

Immediate postoperative data included length of PACU stay, 

pain scores, clinical parameters, postoperative nausea and 

vomiting (PONV), IV ?uid and blood products, and AEs. Data 

from after PACU discharge, which were obtained from 

documentation on the scheduled postoperative day 1 visit, 

included clinical parameters, IV ?uid and blood products, and 

AEs attributable to the procedure.

Clinical parameters including heart rate, blood pressure, 

oxygen saturation, and temperature obtained during the 

preoperative phase on the day of the procedure, as well as 

hemoglobin and hematocrit levels obtained on the day before 

anesthesia, were considered baseline. Donors’ heights and 

weights were obtained on the day of or the day before 

anesthesia. The recipient weight from a date within a week of 

anesthesia was used to calculate the donor to recipient (D/R) 

weight ratio.

Hypotension was defined as a decrease in non-invasive blood 

pressure of greater than 20% of the baseline. In addition, severe 

hypotension was defined as episodes resulting in symptoms 

including dizziness or syncope or requiring vasopressors.

The primary and secondary outcome measures were 

cardiovascular and non cardiovascular adverse events 

respectively. Any clinical unforeseen events that affected the 

patient and required or involved additional monitoring, 

escalation of care, disability or death, were considered as adverse 

events. Unscheduled visits or readmissions within 24 h of 

anesthesia, overnight admissions, intensive care unit admission, 

or calls to either the rapid response team or the Harvey team 

(code blue) were considered AEs. Severe hypotension requiring 

vasopressors, symptomatic hypotension in PACU or after PACU 

discharge presenting with dizziness or syncope, cardiac arrests 

and other unanticipated cardiovascular events requiring 

escalation of care were categorized as cardiovascular adverse 

events. Transient intraoperative hypotension that responded to 

IV ?uids, asymptomatic postoperative hypotension, and other 

near-miss events were excluded from the AE analysis.

2.1 Statistical analysis

Baseline, intraoperative, PACU, and post-PACU discharge 

variables were analyzed by calculating mean and standard 

deviation (SD) (continuous variables) or count and percentage 

(categorical variables). AE occurrence was summarized by count, 

percentage and the exact binomial 95% confidence interval of 

proportion. Asymptomatic hypotension and hypotension not 

requiring vasopressors were analyzed separately from other AEs.
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The univariable associations between prespecified covariates 

and the outcomes of occurrence of at least one monitored AE or 

cardiovascular AE, excluding mild to moderate hypotension 

within 24 h of operation, were analyzed by logistic regression. 

One patient was excluded from association analysis due to 

lost follow up during the post PACU-discharge period. The 

analysis of IV ?uid used was restricted to patients who 

received the corresponding infusion. These results are 

summarized by odds ratios, Wald test 95% confidence 

intervals, and Wald test p-values. No adjustments were made 

for multiple comparisons, and these analyses are intended to 

be exploratory.

3 Results

There were 64 healthy donors during the study period. After 

excluding 3 donors older than 18 years of age, we included 61 

donors in our study.

Table 1 describes the age, sex, race, and body mass index of 

donors, as well as the D/R weight ratio, marrow harvest volume, 

donor fasting duration, and baseline donor hemoglobin and 

hematocrit data. The youngest donor was 7 months old. Three 

donors were less than 2 years old and 11 were 2 to 5 years old. 

Nine donors (14.8%) had ongoing comorbidities. Notably, 1 

donor had ongoing rhinorrhea and occasional dry cough, 1 had 

FIGURE 1 

STROBE diagram of bone marrow donor case inclusion and exclusion.
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a neurodevelopmental delay, and 2 had well-controlled reactive 

airway disease. Three donors had a history of snoring at night 

without sleep studies. One donor with snoring was also treated 

with levothyroxine and spironolactone for hypothyroidism and 

lower extremity edema of unknown etiology. The mean fasting 

duration was 11.3 h (SD, 1.5 h) for solids and 9.31 h (SD, 

3.73 h) for clear liquids.

Forty patients (65.7%) had a D/R weight ratio of <1.6 

(Figure 2). Twenty-four patients (39.4%) had a D/R weight ratio 

of <1. Nineteen donors (31.2%) had a marrow harvest volume 

of >15 mL/kg donor weight, with 2 (3.3%) having harvest 

volumes >20 mL/kg. All donors with harvest volumes of 

>20 mL/kg had a D/R weight ratio of <1. Approximately 53% of 

the donors with a harvest volume of 15–19.9 mL/kg donor 

weight had a D/R weight ratio of >1. The preoperative mean 

hemoglobin and hematocrit levels were 13.0 g/dL (SD, 0.88 g/ 

dL) and 38.7% (SD, 2.67%), respectively.

The details of anesthetic technique are described in Table 2. 

The median intraoperative crystalloid and colloid volumes were 

27.5 mL/kg (range, 6.63–67 mL/kg) and 8.88 mL/kg (range, 

2.15–26.2 mL/kg). In the PACU, the median crystalloid and 

colloid volumes administered were 6.2 mL/kg (range, 0.63– 

1,000 mL/kg), and 7.8 mL/kg (range, 5.5–10.1 mL/kg) 

respectively. After PACU discharge, crystalloids and packed red 

blood cells (PRBCs) were administered to 1 patient (1.6%) each, 

both of whom required admission. The median decreases in 

hemoglobin and hematocrit levels from the preoperative to the 

postoperative phase were 3 g/dL (range, 0.8–4.6 g/dL) and 9% 

(range, 2%–14.6%), respectively (Figure 3).

The average length of stay in the PACU was 77.9 min. The 

mean highest pain score on arrival at the PACU was 3.59 (SD, 

3.07). Thirty-five patients (57.4%) received additional analgesics 

in the PACU. Six patients (9.8%) experienced nausea or 

vomiting, and 4 patients (6.6%) received an additional 

antiemetic in the PACU.

AEs are listed in Table 3. Overall, 29 donors (48.3%) experienced 

at least 1 AE. One patient was lost to follow up after discharge. One 

of 3 donors who experienced dizziness after discharge from the 

PACU had 2 syncopal episodes requiring a code team call to 

hospital housing and emergent inpatient admission for ?uid 

resuscitation. Another donor with dizziness had an unscheduled 

visit and received IV ?uids in the acute care clinic. The third 

donor did not make a visit to the acute care clinic and chose to 

rest at housing. One donor required an inpatient admission and 

PRBC transfusion after discharge from the PACU.

During the intraoperative period, 52 donors (85.2%) experienced 

hypotension, 4 (7.69%) of whom required vasopressors. The mean 

volume per kilogram of crystalloids administered to donors who 

required vasopressors was higher than that for those who did not 

(45.7 vs. 26.5 mL/kg, respectively). We observed no clinically 

relevant differences in fasting duration, D/R weight ratio, or 

marrow harvest volumes between groups with and without 

hypotension during the intraoperative period. We could not 

perform statistical analysis due to the high event rate and limited 

sample size. Twenty-three donors (37.7%) experienced hypotension 

in the PACU. No differences in intraoperative crystalloid and 

colloid volumes were observed between groups with and without 

PACU hypotension.

Two (3.3%), 16 (26.2%), and 12 (19.7%) donors experienced at 

least one non-cardiovascular AE in the intraoperative period, 

PACU, and post-discharge period, respectively (Table 3).

TABLE 1 Donor demographics, preoperative donor clinical parameters, 
hematopoietic stem cell volume, and donor to recipient ratios.

Parameters Overall (N = 61)

Age at anesthesia (y)

Mean (SD) 9.62 (4.69)

Median [Min, Max] 9.00 [0.600, 18.4]

Sexa

Female 40 (65.6%)

Male 21 (34.4%)

Racea

White 39 (63.9%)

Black 13 (21.3%)

Asian 2 (3.3%)

Multiple race (NOS) 2 (3.3%)

Other 5 (8.2%)

Weight (kg)

Mean (SD) 43.0 (27.0)

Median [Min, Max] 36.0 [7.60, 136]

Height (m)

Mean (SD) 1.36 (0.277)

Median [Min, Max] 1.40 [0.682, 1.87]

BMI (kg/m2)

Mean (SD) 21.0 (6.12)

Median [Min, Max] 18.9 [13.7, 45.3]

Donor/recipient weight ratio

Mean (SD) 1.57 (1.37)

Median [Min, Max] 1.21 [0.400, 9.29]

BMH volume (mL/kg)

Mean (SD) 14.2 (3.20)

Median [Min, Max] 14.8 [2.39, 20.7]

BMH volume (mL/kg)a

1–4.9 1 (1.6%)

5–9.9 6 (9.8%)

10–14.9 35 (57.4%)

15–19.9 17 (27.9%)

≥20 2 (3.3%)

Pre-op Hgb (g/dL)

Mean (SD) 13.0 (0.879)

Median [Min, Max] 13.0 [10.9, 15.6]

Pre-op Hct (%)

Mean (SD) 38.7 (2.67)

Median [Min, Max] 38.5 [32.9, 45.3]

Pre-op fasting duration: solids (h)

Mean (SD) 11.3 (1.52)

Median [Min, Max] 11.4 [7.57, 14.6]

Pre-op fasting duration: clear liquids (h)

Mean (SD) 9.31 (3.73)

Median [Min, Max] 10.3 [0.983, 14.6]

BMI, body mass index; BMH, bone marrow harvest; Hct, hematocrit; Hgb, hemoglobin; 

NOS, not otherwise specified; Pre-op, preoperative; SD, standard deviation.
aPresented as n (%).
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The most frequent non-cardiovascular AE was nausea/ 

vomiting (N/V). Six donors (9.8%) experienced N/V in the 

PACU. Of these 6 patients, 4 were female. Four of the 6 donors 

received 1 antiemetic during anesthesia, 1 received none, and 1 

received 2 antiemetics. Four of these 6 donors had a PONV risk 

score of 2 and received ondansetron. The other 2 donors had a 

risk score of 3, with 1 receiving 2 antiemetics and the other 

receiving none. They had an average marrow harvest volume of 

14.3 mL/kg and average intraoperative crystalloid and colloid 

infusion volumes of 26.3 mL/kg and 7.9 mL/kg, respectively. The 

fasting durations for solids and clear liquids were notably long 

among these 6 donors, with an average of 635 min and 480 min, 

respectively. No patients with N/V received intraoperative 

vasopressors, indicating the absence of significant hypotension. 

Within 24 h after PACU discharge, 7 donors (11.5%) 

experienced post-discharge N/V. Of these 7 donors, 6 were 

female. Their average fasting durations for solids and clear 

liquids were 696 and 529 min, respectively. Five donors had a 

PONV risk score of 3 or higher. Among these donors, 2 

received dual antiemetic prophylaxis intraoperatively, 1 received 

1 antiemetic, and 2 received none. Two donors with a risk score 

of 2 received 1 antiemetic each. One of these donors also 

experienced PONV.

There were no deaths or cardiac arrests within the first 24 h 

after anesthesia.

Four donors (6.6%) experienced at least 1 escalation of care 

event. One patient (1.6%) was readmitted to the hospital due to 

2 syncopal episodes and received crystalloids. After a discussion 

between Anesthesiology and Transplantation Services staff about 

marrow blood volume loss and the risk of hemodynamic 

instability, the 7-month-old patient was admitted as an inpatient 

after the procedure and was discharged on postoperative day 

1. This infant received PRBC transfusion prior to hospital 

discharge. Two patients (3.3%) had an unscheduled visit to the 

acute care clinic after discharge from the hospital; one for 

dizziness on standing and vomiting and another for continued 

N/V, sore throat, and low energy.

We found no statistically significant association between the 

occurrence of overall AEs or cardiovascular AEs and any 

variables including age, preoperative fasting duration, D/R 

FIGURE 2 

The bone marrow harvest volume from the intraoperative phase is shown for each donor/recipient weight ratio category. Bar plots show the number 

and percentage of donors (N = 61). BMH, bone marrow harvest.

TABLE 2 Summary of perioperative anesthesia, analgesia, antiemetics, 
fluids, and blood products used.

Perioperative detailsa Overall (N = 61)

Intravenous induction 36 (59%)

Inhalational induction 25 (41%)

Endotracheal intubation 61 (100%)

Prone positioning 61 (100%)

Intraoperative anesthesia duration (minutes, mean/SD) 107 (32.7)

Intra operative acetaminophen 11 (18%)

Intra operative ketorolac 17 (27.9%)

Intra operative opioid 61 (100%)

Single intraoperative antiemetic 45 (73.8%)

Dual intraoperative antiemetic 11 (18%)

Intraoperative crystalloids 61 (100%)

Intraoperative colloids 41 (67.2%)

Intraoperative blood products 0 (0%)

Intraoperative vasopressors 4 (6.6%)

PACU rescue analgesics 35 (57.4%)

PONV in PACU 6 (9.8%)

PACU rescue antiemetics 4 (6.6%)

PACU crystalloids 41 (67.2%)

PACU colloids 2 (3.3%)

PACU blood products 0 (0%)

PACU average length of stay (min)b 77.9 (34.0)

PACU, post-anesthesia care unit; PONV, postoperative nausea and vomiting.
aData are presented as n (%) except where specified.
bThis parameter is presented as mean (standard deviation).
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FIGURE 3 

Comparison of hemoglobin and hematocrit values between the preoperative and post-PACU periods. HCT, hematocrit; HGB, hemoglobin; Pre-op, 

preoperative; PACU, post-anesthesia care unit.

TABLE 3 Summary of perioperative adverse events, presented as n (%, 95% confidence interval).

Adverse events Overall (N = 61)

At least one adverse eventa 29 (48.3%, 34.6%–60.7%)

At least one cardiovascular adverse eventa 10 (16.7%, 8.3%–28.5%)

At least one non-cardiovascular adverse event 25 (41%, 28.6%–54.3%)

Cardiovascular adverse events

Intraoperative hypotension requiring vasopressors 4 (6.6%, 1.8%–15.9%)

Dizziness in PACU 2 (3.3%, 0.4%–11.3%)

Dizziness after PACU dischargea 3 (5%, 1.0%–13.9%)

Blood product transfusion post PACU discharge 1 (1.6%, 0.0%–8.8%)

Intraoperative non-cardiovascular adverse events

Intraoperative laryngospasm 1 (1.6%, 0.0%–8.8%)

Vomiting on extubation 1 (1.6%, 0.0%–8.8%)

PACU non-cardiovascular adverse events

Stridor and croupy cough on arrival to PACU requiring nebulized epinephrine 2 (3.3%, 0.4%–11.3%)

Protracted coughing in PACU 1 (1.6%, 0.0%–8.8%)

Emergence delirium/agitation 3 (4.9%, 1.0%–13.7%)

PONV in PACU 6 (9.8%, 3.7%–20.2%)

Shivering requiring medications in PACU 2 (3.3%, 0.4%–11.3%)

Periorbital edema; facial and lip puffiness 3 (4.9%, 1.0%–13.7%)

Post-PACU discharge non-cardiovascular adverse events

Vomiting 7 (11.5%, 4.7%–22.2%)

Fever 3 (4.9%, 1.0%–13.7%)

Sore throat 2 (3.3%, 0.4%–11.3%)

Pain 1 (1.6%, 0.0%–8.8%)

Nasopharyngeal bleeding 1 (1.6%, 0.0%–8.8%)

Unanticipated visits and admissions

Unscheduled visits after PACU discharge 2 (3.3%, 0.4%–11.3%)

Unanticipated overnight admission after PACU discharge 1 (1.6%, 0.0%–8.8%)

Overnight infant admission 1 (1.6%, 0.0%–8.8%)

PACU, post anesthesia care unit; PONV, post operative nausea and vomiting.
aOne patient was lost to follow up after discharge regarding cardiovascular adverse events and did not experience any AE earlier, so they are excluded from this row but included in 

other rows.

Raghavan et al.                                                                                                                                                       10.3389/fanes.2025.1713946 

Frontiers in Anesthesiology 06 frontiersin.org



weight ratio, stem cell harvest volume, duration of anesthesia, and 

intraoperative ?uid volume (Supplementary Tables S1, S2).

4 Discussion

We have reviewed our experience with the perioperative care 

of pediatric donors undergoing bone marrow harvest at our 

institution, identified adverse outcomes and improvement 

opportunities, and proposed strategies to mitigate AEs. These 

quality improvement strategies are based on our experience and 

include the implementation of a procedure specific IV ?uid 

volume calculator and post operative admission and discharge 

criteria, methods to reduce preoperative clear liquid fasting 

duration, and intraoperative analgesic and 

antiemetic optimization.

Although only a few pediatric donors underwent bone marrow 

harvest at our institution over the last 15 years, we focused on this 

group because of their potential exposure to adverse outcomes 

despite the lack of either immediate physical benefits or the 

ability to consent. Although the sample size was small, it 

represents a relatively large sample in view of its rarity.

Previous studies evaluating pediatric donor experiences have 

primarily analyzed psychosocial distress and post-traumatic 

growth, harvesting techniques and volumes, harvesting in the 

context of gene therapy, factors in?uencing allogeneic 

transfusion, and the role of granulocyte colony-stimulating 

factor priming (2, 6–9). Some immediate and long-term somatic 

effects of pediatric marrow donation have been evaluated (1, 4). 

Previous adult studies have evaluated opioid consumption 

reduction in donors through regional anesthetic techniques, 

outcomes of preharvest autologous blood collection and 

transfusion in donors, and factors associated with pre- and post- 

harvest anemia (10–12). No recommendations have been made 

with respect to optimal perioperative ?uid volumes, pain 

management, prevention of N/V, or discharge criteria for 

pediatric hematopoietic stem cell donors.

Although younger children have a higher risk of complications 

during anesthesia, children and infants of any age can be 

hematopoietic stem cell donors if the 5 conditions outlined by 

the American Academy of Pediatrics Committee on Bioethics 

are met (13). In alignment with a previous study, approximately 

15% of our donors were less than 5 years old (14).

We noted fasting durations that significantly exceeded 

guidelines. The fasting guidelines for clear liquids until August 

2021 at our institution was 2 h based on the American Society 

of Anesthesiologists guidelines (15). Although the fasting 

recommendation for clear liquids prior to anesthesia was 

changed to 1 h in August 2021, we did not observe a significant 

reduction in fasting times for clear liquids in this population 

after the policy change. At our institution, bone marrow 

harvests are typically scheduled with a start time of 7:30 AM in 

the operating room. Children may prefer not to drink clear 

liquids early in the morning, and caregivers may not be aware 

of the advantages of administering clear liquids up to 1 h before 

anesthesia. These factors may have contributed to the long 

fasting durations observed in our donors. Although we were 

unable to investigate the possible association between fasting 

duration and hypotension or PONV, previous studies have 

reported increased hunger and thirst, reduced feeling of 

wellbeing, and hypotension at induction due to prolonged 

fasting times (16–18). Therefore, we recommend the 

administration of clear liquids 1 h prior to anesthesia and the 

start of IV ?uid administration in the preoperative holding 

area to compensate for the fasting-associated ?uid deficit 

(Figure 4).

Although 60 patients (98.4%) received opioid analgesics 

during anesthesia, few received multimodal pain management 

with additional acetaminophen or a nonsteroidal analgesic. 

Although the average PACU pain scores were <4, more than 

half of the donors required rescue analgesia in the PACU. 

Acetaminophen and other nonsteroidals are administered 

sparingly at our institution due to their potential to mask fever, 

exacerbate thrombocytopenia, or trigger acute renal dysfunction 

in pediatric oncology populations. This practice may have 

in?uenced the observed underutilization of simple analgesics 

during the bone marrow harvest procedure, even when such 

precautions were not indicated. Here, we recommend 

intraoperative use of simple analgesics in addition to opioids 

(Figure 4).

Although bone marrow harvesting is not identified as a 

procedure associated with a high risk of N/V, we observed a 

higher than anticipated incidence of N/V in our study. Most 

donors received a single prophylactic antiemetic, which is 

usually a 5HT3 antagonist. Dexamethasone was the second 

antiemetic administered to those who received dual prophylaxis. 

We noted an inconsistent practice of tailoring antiemetics to 

PONV risk factors (19). Due to the small sample size, we were 

unable to identify statistically significant risk factors for N/V 

such as prolonged fasting duration and hypotension. We 

recommend the administration of antiemetics based on PONV 

risk scores to reduce N/V rates among donors (Figure 4). Other 

interventions, including reducing fasting durations and 

optimizing intraoperative IV ?uid volumes, may also help 

reduce N/V.

We observed a high incidence of mild to moderate 

hypotension that responded to IV ?uids, as well as hypotension 

events that were symptomatic or required vasopressors. Our 

institutional policy acknowledges the risks associated with high 

bone marrow harvest volumes and requires volumes to be 

limited to 15 mL/kg donor weight. In exceptional circumstances 

requiring higher volumes, the risks are discussed with the 

family, reviewed by the Transplant Quality Manager, and 

approved by the Marrow Facility Medical Director and the 

Transplant Program Director. Therefore, although nearly 40% of 

the donors in our study weighed less than the recipients, the 

marrow harvest volume exceeded 15 mL/kg in only 

approximately 31% of the donors. However, the speed of 

marrow aspiration may have caused substantial transient blood 

loss that contributed to intraoperative hypotension.

The average intraoperative crystalloid volume administered 

was twice the mean harvest volume, with nearly two-thirds of 
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the donors receiving colloids intraoperatively at a 1:1 ratio to 

marrow harvest volume. Although ?uid replacement volumes 

seemed appropriate based on the ratio of blood loss to volume 

replacement, approximately 85% and 38% of the donors 

experienced transient intraoperative and postoperative 

hypotension, respectively. In addition, about 15% of the donors 

had intraoperative hypotension requiring vasopressors and 

postoperative hypotension with symptoms including dizziness 

and syncope. This may have been due to prolonged fasting 

durations, but the association was not statistically significant. 

Our subgroup analysis showed that clinically relevant higher 

volumes of crystalloids were administered to hypotensive donors 

who required vasopressors than to those who did not. This may 

re?ect an appropriate escalation of interventions, with volume 

resuscitation used before pharmacological management with 

vasopressors. Statistical significance could not be established 

between vasopressor use and fasting duration due to the small 

sample size. To reduce the incidence of intraoperative and 

postoperative hypotension, we recommend oral hydration until 

1 h prior to anesthesia, with children being offered a clear liquid 

drink when they arrive at registration. Given our study results, 

we propose the use of an IV ?uid replacement volume 

calculator based on the child’s fasting ?uid deficit and 

maintenance requirements, marrow harvest volume, and the 

average IV colloid usage. We also recommend that 

preoperative replacement of fasting deficits in children with 

vascular access be performed in the holding area. The following 

formula may be used to calculate the minimum IV ?uid 

replacement volume:

IV fluid replacement volume ¼ calculated crystalloid volume (mL)

þ calculated colloid volume (mL) 

Calculated crystalloid volume ¼ preoperative fluid deficit (mL)

þ maintenance volume (mL)

þ 30 mL=kg donor weight�

Calculated colloid volume ¼ 10 mL=kg donor weight��

[*30 mL/kg is two times the average marrow harvest volume; 

**10 mL/kg is the average colloid administered based on our 

study results]

Pediatric bone marrow donors are typically discharged from 

the PACU to be cared for by their caregivers after the 

procedure. At the time of discharge, donors are usually sleepy 

and easy to rouse and exit in a wheelchair, stroller, or hospital- 

provided cart. Therefore, symptoms such as dizziness that 

indicate inadequate cardiovascular optimization may be missed. 

Patients are not routinely evaluated for postural hypotension in 

the PACU before discharge. An infant in our study required 

overnight admission and blood product transfusion. Given 

previous reports of higher AEs and transfusion requirements in 

infants, we recommend admitting infant donors overnight for 

FIGURE 4 

Improvement opportunities and recommendations for the perioperative care of pediatric bone marrow donors. IV, intravenous; PACU, post- 

anesthesia care unit; PONV, postoperative nausea and vomiting.
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observation after bone marrow harvest. The high incidence of 

unanticipated hospital visits and readmission among our donors 

indicates the need to ensure adequate oral intake and identify 

clinical signs of dizziness at rest or standing indicating 

significant hypotension prior to PACU discharge. We 

recommend longer postoperative observation times to enable the 

evaluation of a fully awake patient for dizziness at rest, sitting 

up, and standing, along with the establishment of adequate 

liquid oral intake without N/V prior to discharge.

5 Limitations

The main limitations of our study are its retrospective nature 

and the small sample size. Ours being a single institution study, 

the conclusions would benefit from prospective and external 

validation. In particular, we acknowledge that some of our 

variables such as fasting times, intra operative ?uid 

management, analgesic and antiemetic use, and criteria for 

admission and discharge, may be different from other 

institutions affecting outcomes Although we identified clinically 

relevant concerns such as prolonged fasting durations and 

inconsistent antiemetic and analgesic administration, we were 

unable to establish statistical significance between these 

observations and the occurrence of AEs. Inferential analyses 

were limited by potentially increased type-1 error due to 

exploring multiple comparisons and limited power due to the 

modest sample size and event rates. Therefore, our 

recommendations are based on the logical interpretation of 

clinically relevant results. The retrospective nature of our study 

may have contributed to the underreporting of minor but 

important complications. We did not report on the long-term 

physical and psychological outcomes for these donors.

6 Conclusions

Pediatric bone marrow donors are a unique group of patients 

who are unable to provide informed consent, and these children 

undergo a procedure that involves the risks of anesthesia, 

intubation, prone positioning, significant blood loss, and IV 

?uid and blood product therapy without physical benefit to 

themselves and with only potential long-term psychological 

benefits. Our study reports a high incidence of AEs in this 

patient population and highlights many opportunities for care 

improvement. Based on our experience, we propose quality 

improvement strategies to optimize preoperative fasting, 

administer simple analgesics in addition to opioids to all 

donors, use PONV scoring to select an antiemetic prophylactic 

regimen, use a procedure-specific IV ?uid replacement 

calculator, admit all infant donors overnight, and follow 

discharge criteria for non-infant donors. Future studies would 

benefit from a larger, multicenter sample, use of multivariable 

models to control for confounders, and standardization of 

perioperative management protocols.
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