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Annual incidence of venous thromboembolism (VTE) including
postoperative VTE in hospitalized children is rising signiﬁcantly. A growing body of evidence
supports the role of red blood cells (RBCs) in pathologic thrombosis. In this study, we
examined the association of perioperative RBC transfusion with postoperative VTE in
pediatric patients.

BACKGROUND AND OBJECTIVES:

METHODS: The pediatric databases of the American College of Surgeons’ National Surgical Quality
Improvement Project from 2012 to 2017 were used. Multivariable logistic regression was
used to examine the association between perioperative RBC transfusion status and the
development of new or progressive VTE within 30 days of surgery. The analyses were age
stratiﬁed, as follows: neonates (#28 days), infants (.28 days and ,1 year), and children
($1 year).
RESULTS: In this study, we included 20 492 neonates, 79 744 infants, and 382 862 children.
Postoperative development of VTE was reported in 99 (0.48%) neonates, 147 (0.2%) infants,
and 374 (0.1%) children. In all age groups, development of VTE was signiﬁcantly more
common among patients with a perioperative RBC transfusion than patients without
a perioperative RBC transfusion (neonates: adjusted odds ratio [aOR] = 4.1, 95% conﬁdence
interval [CI] = 2.5–6.7; infants: aOR = 2.4, 95% CI = 1.7–3.6; children: aOR = 2.2, 95% CI =
1.7–2.9). Among children who received an intra- or postoperative transfusion, the weightbased volume of RBCs (mL/kg) transfused was associated with postoperative VTE in a dosedependent manner: second tertile (odds ratio = 2.3, 95% CI = 1.3–4.1) and third tertile (odds
ratio = 4.1, 95% CI = 2.3–7.4) versus ﬁrst tertile.
CONCLUSIONS: Perioperative

RBC transfusions are independently associated with development of
new or progressive postoperative VTE in children, infants, and neonates. These ﬁndings need
further validation in prospective studies and emphasize the need for evidence-based
perioperative pediatric blood transfusion decisions.

WHAT’S KNOWN ON THIS SUBJECT: Annual incidence of venous
thromboembolism (VTE) including postoperative VTE in hospitalized
children is rising signiﬁcantly. A growing body of evidence supports
the role of red blood cells in physiologic hemostasis as well as
pathologic thrombosis.
WHAT THIS STUDY ADDS: In this prospective registry study of
.480 000 children, perioperative red blood cell transfusions were
associated with higher odds of VTE within 30 days of a surgery in
neonates, infants, and children, with a potential dose-response
relationship among older children.
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abstract

There is an evolving body of
scientiﬁc evidence at both
molecular and clinical level that
supports the role of red blood cells
(RBCs) in physiologic hemostasis
and bleeding control but also
their association with pathologic
thrombosis. 2,6,7 In multiple recent
studies, researchers have outlined
mechanistic pathways linking RBCs
to VTE. Both quantitative and
qualitative changes in RBCs affect
hemostasis and thrombosis and
can include RBC counts or
hematocrit levels (modulating
blood rheology through viscosity)
and changes such as deformability,
aggregation, expression of
adhesive proteins, and release of
microparticles or extracellular
microvesicles.
RBCs are commonly transfused
in relation to a surgical procedure
and can further induce
a proinﬂammatory state that may
contribute further to development
of a thrombosis in a postsurgical
patient.8 Perioperative RBC
transfusions have been signiﬁcantly
associated with the development
of new or progressive VTE,
independent of several putative
confounders in adults.9,10 However,
this association has not been
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speciﬁcally explored in pediatric
and neonatal populations. We
sought to use a large prospective
multicenter registry of hospitalized
children undergoing elective and
nonelective surgical procedures to
examine the association between
perioperative RBC transfusion and
subsequent development of
postoperative VTE in neonates,
infants, and children.

STUDY DESIGN AND METHODS
Data Source
The American College of Surgeons’
National Surgical Quality
Improvement Project (ACS-NSQIP)
database is a multicenter
prospective registry of surgical
patients across North America.
ACS-NSQIP is well recognized as
the leading nationally validated
outcomes-based program to
improve quality of surgical care;
the accuracy and reproducibility
of data have been previously
demonstrated.11–13 The American
College of Surgeons has
collaborated with the American
Pediatric Surgical Association to
develop a pediatric version called
the American College of Surgeons’
National Surgical Quality
Improvement Project Pediatric
(NSQIP-PEDS) database.
Participating teaching and
nonteaching hospitals in NSQIPPEDS include freestanding
children’s hospitals, children’s
hospitals within larger hospitals,
specialty children’s hospitals, and
general acute-care hospitals with
a dedicated pediatric wing. The
number of participating hospitals
has increased over time with 109
sites in the 2017 NSQIP-PEDS
database. Data were prospectively
collected in a standardized fashion
following strict deﬁnitions by dedicated
surgical clinical reviewers. Patients are
managed throughout their hospital
course and after discharge from the
hospital for up to 30 days

postoperatively. Data from the 2012 to
2017 NSQIP-PEDS were merged for
this study.
The study involved secondary
analysis of completely deidentiﬁed
data and did not meet deﬁnition
of research with human subjects
in accordance with human research
regulations at Code of Federal
Regulations Title 45, Part 46, and
was deemed to be exempt from
review by the Johns Hopkins
University Institutional Review
Board.

Outcomes and Risk Factors
The primary outcome was
development of new or progressive
VTE within 30 days following
surgery. VTE events (PE or DVT)
were ascertained initially with the
International Classiﬁcation of
Diseases, Ninth Revision or 10th
Revision diagnosis code for VTE and
conﬁrmed by deﬁnitive imaging
modality (eg, duplex, venogram,
computed tomography, other) or
direct pathology examination from
autopsy. Patients with known or
chronic DVT were included only if
they had documented postoperative
progression. In addition, cases were
required to have therapeutic
intervention with anticoagulation
therapy and/or placement of
a vena cava ﬁlter. Arterial
thrombosis was not documented as
an outcome and thus could not be
included in this analysis. PE or DVT
cases were not analyzed separately
because of a low number of PE
events.
The primary exposure variable was
perioperative RBC transfusion ($1
RBC transfusion event from 72
hours before surgery to 72 hours
after surgery). The type and timing
of perioperative RBC transfusion
were examined as (1) no RBC
transfusion, (2) only preoperative
RBC transfusion (up to 72 hours
before surgery), (3) only
intraoperative or postoperative RBC
transfusion (start of surgery until 72
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Annual incidence of venous
thromboembolism (VTE)
comprising deep venous
thrombosis (DVT) and pulmonary
embolism (PE) is rising
signiﬁcantly in hospitalized
children and neonates. 1 VTE in
children has been associated with
∼$400 million of excess costs
per year in the United States. 2,3
Hospital-associated venous
thromboembolism (HA-VTE) is now
considered the second largest
contributor to harm in hospitalized
pediatric patients. 4 Pediatric VTE
management guidelines from the
American Society of Hematology
note lack of high-quality data
regarding putative risk factors for
HA-VTE in children. 5

hours postoperative), and (4) both
preoperative and intra- or
postoperative RBC transfusions.
Weight-based transfusion dose
(mL/kg) was calculated from data
on total volume of RBCs transfused
intra- or postoperatively. The
volume of RBC transfused
preoperatively was unknown.

All analyses were stratiﬁed by age
groups deﬁned as neonates (,28
days), infants (29 days to 1 year), and
older children (1–18 years).
Characteristics of the study
population were examined by
perioperative RBC transfusion status
using descriptive statistics.
The primary analysis examined the
association of perioperative RBC
transfusion and postoperative VTE.
Univariate logistic regression was
used to estimate odds ratios (ORs)
and 95% conﬁdence intervals (CIs)
of postoperative VTE. Multivariable
logistic regression was performed
to estimate adjusted odds ratios
(aORs). The multivariable models
included adjustment for all
clinically relevant variables
hypothesized to be potential
confounders a priori in our
conceptual framework and for
which data were adequately
available: age, sex, race, American
Society of Anesthesiology (ASA)
class, hospital length of stay,
preoperative sepsis status,
preoperative ventilation status,
disseminated cancer status, central
line status, and the work-related
relative value units (RVUs). The
model for neonates was
additionally adjusted for preterm
birth status. Age was modeled
continuously for neonates (days)
and infants (weeks) and as
a categorical variable for older
children (1–2, 2–5, 6–11, and
12–18 years). Central line status
was deﬁned as having either
a central line–associated
bloodstream infection or a Current
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An ancillary dose response analysis
was conducted among children
who only received an intra- or
postoperative RBC transfusion
because data on preoperative
transfusion volumes were
unavailable. In this group, the
association between the intra- and
postoperative RBC transfusion
volume (mL/kg) and postoperative
VTE was examined by using
univariable logistic regression.
Intra- and postoperative RBC
transfusion volume (mL/kg) was
categorized into age-speciﬁc
tertiles. Multivariable doseresponse analyses were not
performed because of a limited
number of events.
Missingness among variables was
common in the observed data set
(eg, race in neonates missing at
17.7%, see Supplemental Table 3)
and was signiﬁcantly associated
with variables in the model
(Supplemental Table 4), suggesting
that the data were not missing
completely at random. Assuming
data were more plausibly missing
at random, multiple imputation
using chained equations was
performed to handle missing data
and create 5 new data sets. 14
Predictive mean matching was used
to impute continuous variables,
logistic regression was used for
binary variables, and polytomous
logistic regression was used for

unordered categorical variables.
The variables for which values were
imputed included premature birth
status (among neonates), race, ASA
class, hospital length of stay, and
intra- or postoperative RBC volume
transfused (among those who
received RBC transfusion).
Imputation was performed
separately for each age subgroup
by using the variables included in
the multivariable model,
sensitivity analyses, as well as
additional auxiliary variables to
inform the imputation. All
analyses were conducted by using
Rubin’s rules, unless speciﬁed
otherwise.15
Two additional analyses were
performed. Using the main analytic
approach, a subgroup analysis was
performed among those who were
reported under the general
surgical subtype because the
distribution of both RBC
transfusion and confounding
variables varied by surgical
subspecialty. Preoperative
hematocrit levels, platelet levels,
and international normalized ratio
(INR) value were considered
potential confounders in our
conceptual framework but were
not included in the main analysis
because of a high percentage of
missing data in the database (for
example: 88% for children).
Because the missingness was high,
we did not impute these values.
However, a sensitivity analysis was
conducted restricted to patients
who had complete data on
preoperative hematocrit levels,
platelet levels, and INR value, in
which these variables were added
to the main analytic models. For
this analysis, we used a completecase analytic approach.
Two-tailed P values ,0.05 were
considered statistically signiﬁcant.
Data analysis was performed using
Stata/MP version 15.1 (Statacorp,
College Station, TX) and R
version 3.6.1.
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Statistical Methods

Procedural Terminology (CPT) code
that indicated the participant
having a central line (central line
[tunneled or nontunneled]
insertion [CPT 36555–36573],
repair [CPT 36575 and 36576],
partial replacement [CPT 36578],
complete replacement [CPT
36580–36585], removal [CPT
36589–36590], or other [CPT
36591–36598]). Similar methods
were used to examine the
association between the type and
timing of perioperative blood
transfusion and postoperative
VTE.

Overall
(n = 20 492)

—, not applicable.
a Data are median (IQR).

Age in da
6 (2–18)
Premature birth
6707(32.7)
Age in wka
—
Age group
Toddler, 1–2 y
—
Early childhood, 2–5 y
—
Middle childhood, 6–11 y
—
Adolescent, 12–18 y
—
Female
7779 (38.0)
Race
White
16 276 (79.4)
Black or African American
3380 (16.5)
Other
837 (4.1)
ASA class
1, no disturbance
1429 (7.0)
2, mild disturbance
5175 (25.3)
3, severe disturbance
8878 (43.3)
4, life-threatening
4624 (22.6)
5, moribund
386 (1.9)
Hospital length of stay, da
16 (4–32)
Preoperative sepsis
1171 (5.7)
Preoperative ventilation
5246 (25.6)
Disseminated cancer
88 (0.4)
Central line
121 (0.6)
Work-related RVUsa
19.5 (11.3–27.8)
Surgical subspecialty
Cardiothoracic
41 (0.2)
General
16 619 (81.1)
Gynecologic
2 (0.0)
Neurosurgical
2407 (11.7)
Orthopedic
191 (0.9)
Otolaryngological
611 (3.0)
Plastic
166 (0.8)
Urologic
455 (2.2)

Characteristic

5 (1–19)
4627 (26.7)
—
—
—
—
—
6425 (37.1)
14 075 (81.3)
2557 (14.8)
682 (3.9)
1418 (8.2)
5049 (29.2)
7937 (45.8)
2817 (16.3)
92 (0.5)
14 (3–28)
460 (2.7)
2983 (17.2)
54 (0.3)
78 (0.5)
19.0 (11.3–26.4)
24 (0.1)
13 762 (79.5)
2 (0.0)
2195 (12.7)
162 (0.9)
588 (3.4)
159 (0.9)
421 (2.4)

7 (3–16)
2080 (65.4)
—
—
—
—
—
1354 (42.6)
2201 (69.2)
823 (25.9)
155 (4.9)
12 (0.4)
126 (4.0)
941 (29.6)
1807 (56.8)
294 (9.2)
33 (17–61)
711 (22.4)
2263 (71.2)
34 (1.1)
43 (1.4)
20.9 (18.1–36.8)
17 (0.5)
2857 (89.9)
0 (0.0)
212 (6.7)
29 (0.9)
23 (0.7)
7 (0.2)
34 (1.1)

Transfusion Group Nontransfusion Group
(n = 3179)
(n = 17 313)

No. (%) Neonate Patients

65 (0.1)
35 307 (44.3)
4 (0.0)
8937 (11.2)
1979 (2.5)
6653 (8.3)
11 708 (14.7)
15 091 (18.9)

19 466 (24.4)
31 443 (39.4)
23 311 (29.2)
5343 (6.7)
181 (0.2)
2 (1–5)
1956 (2.5)
4877 (6.1)
742 (0.9)
248 (0.3)
14.0 (8.6–17.7)

63 136 (79.2)
13 312 (16.7)
3297 (4.1)

—
—
—
—
26 944 (33.8)

—
—
23 (11–35)

Overall
(n = 79 744)

No. (%) Children Patients

17 (0.2)
3710 (52.8)
1 (0.0)
1666 (23.7)
33 (0.5)
217 (3.1)
1288 (18.3)
91 (1.3)

489 (7.0)
1873 (26.7)
3013 (42.9)
1526 (21.7)
122 (1.7)
11 (4–60)
586 (8.3)
1508 (21.5)
286 (4.1)
88 (1.3)
22.6 (15.6–33.6)

5349 (76.2)
1408 (20.0)
266 (3.8)

—
—
—
—
2727 (38.8)

—
—
16 (9–30)

48 (0.1)
31 597 (43.4)
3 (0.0)
7271 (10)
1946 (2.7)
6436 (8.9)
10 420 (14.3)
15 000 (20.6)

18 977 (26.1)
29 570 (40.7)
20 298 (27.9)
3817 (5.2)
59 (0.1)
1 (0–4)
1370 (1.9)
3369 (4.6)
456 (0.6)
160 (0.2)
14.0 (8.5–17.6)

57 786 (79.5)
11 904 (16.4)
3031 (4.2)

—
—
—
—
24 217 (33.3)

—
—
24 (12–36)

435 (0.1)
135 050 (35.3)
1026 (0.3)
34 962 (9.1)
88 530 (23.1)
54 785 (14.3)
30 894 (8.1)
37 180 (9.7)

129 270 (33.8)
168 921 (44.1)
78 996 (20.6)
5497 (1.4)
177 (0.0)
1 (0–3)
37 729 (9.9)
5328 (1.4)
11 354 (3)
543 (0.1)
10.0 (8.5–17.0)

312 363 (81.6)
53 310 (13.9)
17 189 (4.5)

36 749 (9.6)
87 115 (22.7)
126 548 (33.1)
132 450 (34.6)
174 440 (45.6)

—
—
—

23 (0.1)
3586 (17.3)
21 (0.1)
1710 (8.3)
14 144 (68.3)
241 (1.2)
772 (3.7)
213 (1.0)

2387 (11.5)
8183 (39.5)
8828 (42.6)
1233 (6.0)
79 (0.4)
5 (4–7)
1252 (6)
1122 (5.4)
1892 (9.1)
97 (0.5)
32.1 (20.8–37.5)

15 647 (75.6)
4282 (20.7)
781 (3.8)

1476 (7.1)
2616 (12.6)
4188 (20.2)
12 430 (60.0)
12 345 (59.6)

—
—
—

412 (0.1)
131 464 (36.3)
1005 (0.3)
33 252 (9.2)
74 386 (20.5)
54 544 (15.1)
30 122 (8.3)
36 967 (10.2)

126 883 (35.0)
160 737 (44.4)
70 169 (19.4)
4264 (1.2)
99 (0.0)
1 (0–3)
36 477 (10.1)
4206 (1.2)
9462 (2.6)
446 (0.1)
9.8 (8.0–15.0)

296 716 (81.9)
49 028 (13.5)
16 408 (4.5)

35 273 (9.7)
84 499 (23.3)
122 360 (33.8)
120 020 (33.1)
162 095 (44.8)

—
—
—

Transfusion Group Nontransfusion Group
Overall
Transfusion Group Nontransfusion Group
(n = 7023)
(n = 72 721)
(n = 382 862)
(n = 20 710)
(n = 362 152)

No. (%) Infant Patients

TABLE 1 Characteristics of Study Population Stratiﬁed by Perioperative RBC Transfusion Status, ACS-NSQIP Database, 2012–2017
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RESULTS
A total of 483 098 pediatric patients
were included in this study, of which
20 492 (4.2%) were neonates,
79 744 (16.5%) were infants, and
382 862 (79.3%) were children.
Most patients underwent a general
surgical procedure, and this was
consistent across age groups
(Table 1).

Development of VTE within 30 days
of surgery was reported in 99
(0.5%) neonates, 147 (0.2%)
infants, and 374 (0.1%) children.
Table 2 shows the association of
perioperative RBC transfusion and
the development of VTE within
30 days of surgery. In all age groups,
development of VTE was
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Among patients who only received an
intra- or postoperative RBC
transfusion, the median volume of
blood transfused was 20.3 mL/kg
(interquartile range [IQR] =
14.5–37.8) for neonates, 20.1 mL/kg
(IQR = 13.9–32.7) for infants, and
10.0 (IQR = 4.4–18.5) for children.
The volume of blood transfused was
not associated with the development
of VTE among neonates or infants
(Fig 1A and B). Weight-based volume
of RBCs transfused was associated
with postoperative VTE among older
children in a dose-dependent
manner: second tertile (OR = 2.3,
95% CI = 1.3–4.1) and third tertile
(OR = 4.1, 95% CI = 2.3–7.4) versus
ﬁrst tertile of mL/kg volume of RBCs
(Fig 1C).
Among those who received general
surgery, the association between
perioperative RBC transfusion and
VTE remained statistically
signiﬁcant (Supplemental Table 8).
Other surgical subspecialties were
separately examined, and some had
had sparse data on the exposure
and/or outcome (Supplemental
Table 9). Additionally, the
association of perioperative RBC
transfusion with development of
VTE was robust in the sensitivity
analysis that additionally adjusted
for preoperative hematocrit levels,
preoperative platelet levels, and INR
values among neonates (aOR = 5.5,
95% CI = 2.6–11.5) and children

(aOR = 1.6, 95% CI = 1.2–2.3)
(Supplemental Table 10). In
this sensitivity analysis, however,
the association was attenuated
among infants (aOR 1.4, 95% CI =
0.8–2.4).

DISCUSSION
In data from the largest validated
pediatric surgical outcomes registry
in North America, it is suggested that
perioperative RBC transfusions may
be associated with higher odds of
postoperative VTE in neonates,
infants, and children. Notably,
neonates had ∼4 times higher
odds of developing VTE with
perioperative RBC transfusions
in a risk-adjusted model. This
association warrants further study
in these younger age groups,
especially given the higher risk of
VTE, as the actual transfusion dose
can be a potentially modiﬁable risk
factor.
The initial studies in which
researchers hypothesize a possible
role of RBCs in thrombosis date
back to the early 20th century.16–18
There has been evolving molecular
and clinical evidence supporting the
role of RBCs in physiologic
hemostasis and pathologic
thrombosis. There are various
proposed mechanistic pathways
linking RBCs to venous as well as
arterial thrombosis. RBCs are
hypothesized to increase the blood
viscosity and have plateletmediated effects in promoting
thrombus formation, including
increasing platelet margination,
increasing platelet adhesion and
activation, and enhancing the
platelet–thrombus interactions.2
RBCs can also directly or indirectly
adhere to the vessel wall and may
contribute to thrombin generation
within thrombi.19,20 RBCs are not
just passively entrapped into
a thrombus, but once incorporated
into the venous thrombi, they are
hypothesized to subsequently
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Any perioperative RBC transfusion
was observed in 3179 (15.5%)
neonates, of which, 466 (14.6%)
received only preoperative RBC
transfusions, 1925 (60.6%) received
only intra- or postoperative RBC
transfusions, and 788 (24.8%)
received both preoperative
RBC transfusion and intra- or
postoperative RBC transfusions. In
infants, 7023 (8.8%) received any
perioperative RBC transfusion, of
which, 1066 (15.2%) received only
preoperative RBC transfusions, 5321
(75.8%) received only intra- or
postoperative RBC transfusions,
and 636 (9.1%) received both
preoperative RBC transfusion and
intra- or postoperative RBC
transfusions. In children, 20 710
(5.4%) received any perioperative
RBC transfusion, of which, 1594
(7.7%) received only preoperative
RBC transfusions, 18 682 (90.2%)
received only intra- or
postoperative RBC transfusions,
and 434 (2.1%) received both
preoperative RBC transfusion
and intra- or postoperative RBC
transfusions. Age-speciﬁc
characteristics of the study
population are shown by
perioperative RBC transfusion
status in Table 1.

signiﬁcantly more common among
patients with a perioperative RBC
transfusion than patients without
a perioperative RBC transfusion
(neonates: aOR = 4.1, 95% CI =
2.5–6.7; infants: aOR = 2.4, 95%
CI = 1.7–3.6; children: aOR = 2.2,
95% CI = 1.7–2.9). Results for each
covariate in the multivariable
models are shown in Supplemental
Tables 5 through 7. For each age
group, the type and timing of
perioperative RBC transfusion
was also signiﬁcantly associated
with the development of VTE
(Table 2).

TABLE 2 Association of Perioperative RBC Transfusion and Development of Postoperative VTE Within 30 d in All Children Aged 0 to 18 y
Exposure Variable

30-d Postoperative VTE
No. (%)

OR (95% CI)

aOR (95% CI)a

17 313
3179

43 (0.2)
56 (1.8)

Ref.
7.2 (4.8–10.7)

Ref.
4.1 (2.5–6.7)

17 313
466
1925
788

43
7
29
20

(0.2)
(1.5)
(1.5)
(2.5)

Ref.
6.1 (2.7–13.7)
6.1 (3.8–9.9)
10.5 (6.1–17.9)

Ref.
3.7 (1.5–8.7)
3.7 (2.2–6.4)
6.4 (3.2–12.7)

72 721
7023

78 (0.1)
69 (1.0)

Ref.
9.2 (6.7–12.8)

Ref.
2.4 (1.7–3.6)

72 721
1066
5321
636

78
8
47
14

Ref.
7.0 (3.4–14.6)
8.3 (5.8–11.9)
21.0 (11.8–37.2)

Ref.
1.5 (0.7–3.2)
2.7 (1.8–4.1)
2.3 (1.2–4.6)

Ref.
8.5 (6.9–10.6)

Ref.
2.2 (1.7–2.9)

Ref.
10.9 (6.1–19.5)
7.2 (5.7–9.1)
58.5 (35.5–96.6)

Ref.
1.8 (1.0–3.3)
2.2 (1.6–2.8)
3.7 (2.1–6.5)

(0.1)
(0.8)
(0.9)
(2.2)

362 152
20 710

252 (0.1)
122 (0.6)

362 152
1594
18 682
434

252
12
93
17

(0.1)
(0.8)
(0.5)
(3.9)

a The multivariable models included adjustment for sex, race, age, ASA class, central line, preoperative sepsis status, preoperative ventilation status, disseminated cancer
status, and the work-related RVU, hospital length of stay. Model for neonates also was adjusted for preterm birth status. RVUs were modeled continuously using a square root
transformation.

reduce the permeability of the
thrombus and susceptibility to
being lysed, making the clot more

resistant.2,21,22 In addition, stored
RBCs, especially those stored for
longer duration, can undergo

various mechanical or physiologic
changes and have been shown to
have decreased cell membrane

FIGURE 1
Association between the volume of RBC transfusion per kilogram and the development of postoperative VTE within 30 days in (A) neonates, (B)
infants, and (C) children, who only received an intraoperative or postoperative transfusion. Given that the analysis used 5 imputed data sets, the
actual tertile amounts varied by data set among each age group. The numbers given represent an average of the tertile cut points for each
age group.
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Neonates
Perioperative RBC transfusion
No
Yes
Time of perioperative RBC transfusion
None
Preoperative only
Intraoperative or postoperative only
Preoperative and intraoperative
Infants
Perioperative RBC transfusion
No
Yes
Time of perioperative RBC transfusion
None
Preoperative only
Intraoperative or postoperative only
Preoperative and intraoperative
Children
Perioperative RBC transfusion
No
Yes
Time of perioperative RBC transfusion
None
Preoperative only
Intraoperative or postoperative only
Preoperative and intraoperative

No. Patients

deformability,23 increased
endothelial adherence,24 and
increased aggregability.25 Each of
these storage lesions, or all 3 in
combination, are plausible
mechanisms for increased
thrombotic risk after transfusion
of RBCs.26

In a previous analysis of neonates in
the same NSQIP-PEDS database, in
initial years (2012–2013) of our
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Despite the NSQIP-PEDS being the
largest prospective, validated surgical
outcomes-based database and the use
of standardized collection
methodologies, this study has
inherent limitations. Primarily,
ﬁndings from this observational study
may be subject to unmeasured and
residual confounding. For instance,
use of concurrent plasma, platelet,
and cryoprecipitate transfusions;
antiﬁbrinolytics; and procoagulant
factors were not available. On
adjustment for preoperative INR,
hematocrit levels, and platelet
counts in an independent
supplementary analysis, results
remain signiﬁcant, but details of
other blood products, blood
derivatives, and medications would
have made the analysis stronger.

Some clinical markers like
posttransfusion hematocrit levels
(likely a better marker of actual “red
cell mass”) and a composite
validated index of severity of illness,
like the Case Mix Index, were not
available. The ASA classiﬁcation was
used as a surrogate marker of
underlying severity of disease, which
is a widely accepted grading system
for assessing the preoperative health
of surgical patients. Likewise,
surgical RVUs may not be an ideal
predictor of complexity of surgery
but have been used and validated
previously in various settings as
a surrogate marker for surgical
complexity.
There are additional limitations of
the current investigation to be
considered. Although the intra- and
postoperative transfusions were in
response to intraoperative bleeding,
the exact hemoglobin or hematocrit
threshold or details of blood loss
and hemodynamic changes
prompting the transfusion decision
were unknown. However, there was
a dose-response relationship, with
higher volumes of RBCs transfused
intra- or postoperatively being
associated to a higher odds of
postoperative VTE among older
children. It is noteworthy that the
weight-based transfusion volumes
in neonates and infants were much
higher than for the older children,
which may explain the inability to
observe a dose response in these
age groups. A few additional clinical
details like use of VTE prophylaxis,
family history of VTE or history of
known thrombophilia, or genetic
analyses showing predisposition to
VTE would have also made the
analysis more robust. In addition,
the National Surgical Quality
Improvement Project is a selective
sampling of disproportionately
“high-risk” procedures, and the
analysis did not account for
competing risks. Finally, the VTE
estimates from the registry
prospectively capture the VTE
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HA-VTE is a major public health
concern and is recognized as
a preventable27 cause of morbidity
and mortality.28–31 Although less
common in comparison with adults,
HA-VTE is now recognized with
increasing frequency in children.32–34
There has been a dramatic increase in
VTE incidence in hospitalized
children in the United States,
particularly in the tertiary care
setting, and the rate in hospitalized
children is supposed to be increased
100 to 1000 times when compared
with the population level.1,2,35 Among
children of all age ranges, neonates
are recognized as being at the highest
risk of VTE. The etiology of this is
presumed to be multifactorial, with
neonates having an overall
procoagulant predisposition with
higher hematocrit levels, high von
Willebrand factor levels (including
higher levels of ultra-large von
Willebrand factor polymers), and
lower protein C and S levels and
hyporeactive platelets. The data
from this study revealed that the
highest overall incidence of
postoperative VTE is in neonates.
Additionally, neonates are the most
highly transfused age group among
children, which is consistent with
the literature.36,37 Notably, neonates
had high effect size odds for VTE.
The degree of prematurity is
a known risk factor for VTE in this
age group. However, after
adjustment for the
prematurity status in addition to other
previously recognized risk factors
for VTE,38 RBC transfusions remained
associated with VTE.

study, Goobie et al39 reported on
noncardiac surgeries to assess the
role of anemia in perioperative
mortality. They excluded analysis of
infants who received preoperative
transfusions and found that neonates
with untreated preoperative anemia
had ∼2.5 times higher odds of
postoperative mortality.39 In light of
our study ﬁndings, a need for
adequate evidence-based guidance
to optimize transfusion support
decisions perioperatively and
properly balance the risks of
mortality from severe anemia
versus adverse effects from RBC
transfusion, such as VTE, is
underscored. Their study further
begs the question of whether
preoperative correction of anemia
before surgery would have
decreased the likelihood of
mortality.38 Similarly, there still
remains a need for adequately
powered and methodologically
robust studies to interrogate the
optimal timing and hemoglobin
threshold for transfusion versus use
of nontransfusion alternatives to
treat perioperative anemia in
children, infants, and neonates while
balancing the risk/beneﬁt proﬁle of
transfusion.

events as postoperative
complications only and are not
accurate for predicting actual
incidence or population-level
estimates of VTE in pediatric and
neonatal populations. Ultimately,
these data are hypothesis
generating, and the study ﬁndings
will require rigorous validation in
prospectively designed and
adequately powered studies.

ABBREVIATIONS
ACS-NSQIP: American College of
Surgeons’ National
Surgical Quality
Improvement Project
aOR: adjusted odds ratio
ASA: American Society of
Anesthesiology
CI: conﬁdence interval
CPT: Current Procedural
Terminology
DVT: deep venous thrombosis
HA-VTE: hospital-associated
venous
thromboembolism
IQR: interquartile range
INR: international normalized
ratio
NSQIP-PEDS: American College of
Surgeons’ National
Surgical Quality
Improvement Project Pediatric
OR: odds ratio
PE: pulmonary embolism
RBC: red blood cell
RVU: relative value unit
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