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Background: While racial disparity in surgical mortality due to venous thromboembolism (VTE) has improved, a
gap persists. Our study aim was to determine differences in VTE prevention practices and their impact on out-
comes among racial surgical cohorts.
Methods: Elective surgeries performed between 1.1.2016 and 5.31.2021 were included. Racial/ethnic cohorts
were propensity-matched 1:1 to non-Hispanic White (NHW) patients, and outcomes were compared using un-
adjusted logistic regression. Match cohort balance was assessed using absolute standardized mean differences and
linear model analysis of variance (ANOVA). Pearson's Chi-square tests evaluated bi-variate associations. Condi-
tional logistic regression to compare outcomes between matched groups. Odds ratios, 95 % confidence intervals,
and p-values are reported. Analyses were performed using R version 4.1.2 and the R package Matchit.
Results: Non-Hispanic other race (NHOR) (vs. NHW) patients were less likely to receive inpatient prophylaxis (OR
0.86, CI:0.76–0.98). Appropriate prophylaxis resulted in similar VTE for NHB (p ¼ 0.71) and Hispanic (p ¼ 0.06),
compared to NHW patients. Inpatient bleeding was higher in Hispanic patients with a higher likelihood of
receiving appropriate prophylaxis (OR 1.94, CI:1.16–3.32) and NHOR patients with a lower likelihood (OR 1.90,
CI:1.10–3.36)
Conclusion: Postoperative VTE was similar for minority patients receiving appropriate prophylaxis, compared to
NHW patients. Inpatient bleeding was more likely in Hispanic and NHOR patients but may not be related to
receiving appropriate prophylaxis. NHOR patients were less likely to receive inpatient thromboprophylaxis.
1. Introduction

Postoperative venous thromboembolism (VTE) is a common post-
operative complication that is associated with serious morbidity and
mortality risks.1 The reported incidence of postoperative VTE ranges
between 0.14 % and 3.5 %, and thirty-day VTE-related mortality is re-
ported to be 4.4 %–16.9 %, with both reported as procedur-
e-dependent.2,3 Identifying patients at risk and implementing preventive
measures, including pharmacological prophylaxis, are paramount to
mitigate the burden of VTE-related mortality and morbidity.4 VTE risk
assessment measures (RAMs) have been developed and validated,
including the Caprini score, which has been validated inmultiple surgical
cohorts.5,6 The degree to which these VTE RAMs are used remains un-
clear, as studies have shown significant variability in VTE risk
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In addition to procedure dependence, VTE risk may vary based on
patient characteristics, including race.9,10 Several studies have reported
racial/ethnic differences in postoperative VTE.11–16 Compared to
non-Hispanic white (NHW) patients, postoperative VTE incidence has
been reported to be higher in non-Hispanic black (NHB) (OR: 1.7)11,12

and Hispanic (OR: 1.68)13 patients. Compared to NHB patients, Asian/-
Pacific Islander patients are reported to have a 70 % lower incidence of
VTE.9 Brown et al. also showed that African American patients had a
higher incidence of VTE compared to Caucasian patients, suggesting a
need for targeted interventions to reduce this disparity.15 Abdol Razak
et al. examined the impact of race/ethnicity on the risk of postoperative
VTE in cancer patients and showed that Hispanic patients were at a
higher risk of postoperative VTE compared to non-Hispanic patients.16
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Studies have also demonstrated increased postoperative VTE-related
mortality and morbidity17,18 in some racial/ethnic patient cohorts. For
example, Edwards et al.17 reported a higher incidence of postoperative
VTE-related mortality in Black patients following bariatric surgery.
Similarly, Okike et al. showed significant racial and ethnic differences in
postoperative events, including VTE, contributing to heightened
morbidity among Black and Hispanic patients compared to their White
counterparts.18

While studies have shown racial/ethnic disparities in VTE risk and
outcomes, the underlying reasons remain unclear. Reported contributing
factors to racial/ethnic differences in VTE risk have included patient
genetics/biology, sociological factors, access, disease presentation, and
social determinants.19–21 Variations in practice patterns for VTE risk
assessment and prevention strategies, as well as compliance, may also
contribute to differences in VTE incidence among racial cohorts.22,23 For
instance, in a bariatric patient cohort, Reddy et al.24 show that IVC filter
use correlated with an increased risk of DVT (OR 6.33) and pulmonary
embolism/in-hospital mortality (OR 3.75) risk. Additionally, in a cohort
of bariatric surgery patients, Edwards et al.25 also found that despite
having a lower VTE risk profile, IVC filter use was 3-fold higher in Black
bariatric surgery patients. Given studies showing variability in VTE and
bleeding risk among racial/ethnic cohorts,26 a patient-centered approach
that considers risk not only based on VTE RAMs but also patient de-
mographics like race/ethnicity may be of benefit.

In this study, we aimed to 1) determine if there are racial/ethnic
disparities in VTE prevention practices by assessing the utilization of
Caprini guideline indicated VTE prophylaxis in a cohort of surgical pa-
tients, and 2) determine if such practice variations correlate with
disparate outcomes in postoperative VTE and bleeding during hospital-
ization or after hospital discharge.

2. Material and methods

Our Institutional Review Board approved the study. We obtained data
about all inpatient elective surgeries performed between January 1,
2016, and May 31, 2021, at our academic multi-site hospital system from
the electronic medical record. Excluded cases are detailed in Fig. 1.
Specifically, patients with no research authorization, orthopedic or pe-
diatric surgeries, donor nephrectomies, subsequent surgeries occurring
during the same admission, surgeries lasting less than a minute, as well as
surgeries on patients on preoperative therapeutic anticoagulants, those
with preoperative anticoagulants of unknown use, those experiencing a
VTE between admission and surgery start, or those missing data for
matching were excluded. From the included cases, surgeries occurring in
the following surgical departments were included: Neurosurgery, Bar-
iatric, Cardiothoracic, Colorectal, Otolaryngology, General, Gynecologi-
cal, Organ Transplantation, Plastic, Urology, and Vascular. Cohorts of
non-Hispanic Black (NHB), Hispanic, and non-Hispanic other race
(NHOR) patients were matched to non-Hispanic White (NHW) patients.
Our primary dependent variable was the receipt of Caprini guideline
indicated VTE prophylaxis. Secondary outcomes included inpatient, 30-
and 90-day post-discharge VTE and bleeding complications.

Patients' risk of experiencing a VTE event after surgery was identified
by retrospective calculation of the Caprini score and operationalized as
low (score 1–2), moderate (score 3–4), high (score 5–8), and highest
(score 9 or above) risk for postoperative VTE. Based on patients’ VTE risk
category, the VTE prophylaxis regimen comprises individual or com-
bined use of in-hospital mechanical prophylaxis, in-hospital use of anti-
coagulant, and 7–29 or 30–60 days of discharge anticoagulants
(Appendix 1). In-hospital mechanical prophylaxis involves using a
sequential compression device during the surgical admission. In-hospital
use of anticoagulants was identified based on administering prophylactic
doses of anticoagulants on each day of the admission (Appendix 2).
Duration of discharge prophylaxis was identified by the dosage strength
and frequency of medication orders to determine the number of days the
patient received anticoagulants at discharge. VTE prophylaxis regimens
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consistent with Caprini score-based recommendations were categorized
as “appropriate prophylaxis”.

Inpatient, 30-, and 90-day post-discharge deep vein thrombosis (DVT)
and pulmonary embolism (PE) events were determined using ICD-10
codes, as well as confirmatory radiology impressions (ultrasound for
DVT and chest computed tomography for PE). Experiencing a DVT or PE
during the postoperative period or within 30 or 90 days of discharge was
classified as a VTE event. Inpatient, 30- and 90-day post-discharge
bleeding episodes were also evaluated. Three bleeding criteria were
used: diagnostic codes, changes in laboratory values, and blood trans-
fusion.18 Diagnostic criteria included the ICD-10 codes for postoperative
hemorrhage listed under the Patient Safety Indicators (PSI-9), according
to the Agency for Health Care Quality. Laboratory value change criteria
include a 4-g drop in hemoglobin or 12 % in hematocrit between the first
collection after the end of surgery and anymeasurement before discharge
for the inpatient cohort and between the last measurement during the
surgical admission and any other measurement in 30 or 90 days after
discharge for the discharge cohorts. The third criterion for identifying
hemorrhage was the receipt of a transfusion of red blood cells. Cases that
satisfied at least two of the three criteria were categorized as a post-
operative bleeding complication.27

Our primary predictor variable of interest was self-reported patient
race and ethnicity. This data was retrieved from the electronic health
records and categorized into four groups: NHW, NHB, NHOR, and His-
panic patients. Analyses were subdivided into the inpatient and discharge
periods, as reflected in Fig. 1. For the inpatient period, all included pa-
tients were assessed, and appropriate prophylaxis and outcomes only
included events or conditions occurring until discharge. Appropriate
prophylaxis for the inpatient cohort included only inpatient mechanical
and chemical prophylaxis criteria. For discharge analyses, patients from
the inpatient cohort who experienced VTE or were administered anti-
coagulants for therapeutic or unknown use during the admission were
excluded. For the discharge period, appropriate prophylaxis and out-
comes only included events or conditions occurring after discharge.
“Appropriate prophylaxis” categorization for the discharge cohort re-
quires both inpatient and discharge mechanical and chemical prophy-
laxis criteria to be met.

Patients from the NHB, NHOR, and Hispanic groups were propensity
matched to NHW patients using a 1:1 greedy nearest neighbor match
without replacement in six subsets: inpatient overall, inpatient with
appropriate prophylaxis, inpatient without appropriate prophylaxis,
discharge overall, discharge with appropriate prophylaxis, and discharge
without appropriate prophylaxis. Propensity scores, including sex, ASA
score, medical system site, Charlson score, Caprini score, and surgical
department, were estimated using a generalized linear model, and a 0.01
distance caliper was used for all variables. Following the match, cohort
balance was assessed using absolute standardized mean differences and
linear model analysis of variance (ANOVA). Pearson's Chi-square tests
evaluated bi-variate associations between patient characteristics and
treatment group before and after matching. After matching, we used
conditional logistic regression to compare outcomes between matched
groups (all groups compared to the NHW group). Odds ratios, 95 %
confidence intervals, and p-values are reported. Associations were
considered statistically significant at p < 0.05, and all tests were two-
sided. Statistical analyses were performed using R version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria), and propensity
matches were performed using the R package Matchit.

3. Results

Of 79,069 cases analyzed, 47.1 % were female, 89.6 % were NHW,
3.37 % were NHB, 4.36 % were Hispanic, and 2.69 % were NHOR. At
baseline, there were significant differences in every patient characteristic
assessed in this study between racial/ethnic cohorts (all p < 0.001,
Table 1). NHW patients were older, more likely to be male, and had
higher Caprini scores than patients from the other racial/ethnic groups,
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Fig. 1. Consort diagram for inclusion and exclusion criteria.
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while Hispanic patients had lower Charlson comorbidity scores than the
other racial/ethnic groups. The racial/ethnic distributions in the three
hospital sites, five ASA classes, and 11 clinical departments were also
significantly different at baseline.

Patient characteristics in racial/ethnic cohorts, including 2666 NHB,
3454 Hispanic, and 2133 NHOR patients matched 1:1 to NHW patients is
detailed in Table 2. All patient characteristics were similar between
matched racial/ethnic cohorts following propensity matching based on
bi-variate tests of association and standardized mean differences (Sup-
plemental Figures). Table 3 describes the receipt of appropriate pro-
phylaxis, VTE, and bleeding events in the matched cohorts. In the
inpatient cohort, NHB (42.4 % vs. 44.9 %, p¼ 0.068) and NHOR (32.7 %
vs. 36.0 %, p¼ 0.056) were less likely to receive appropriate prophylaxis
3
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compared to NHW, while Hispanic patients were more likely to receive
appropriate prophylaxis compared to NHW patients (40.7 % vs. 38.7 %,
p ¼ 0.085); however, these were not significantly different. In those
receiving appropriate prophylaxis, VTE was similar between racial co-
horts, except for a non-significantly lower rate in Hispanic (0 % vs. 0.4 %,
p ¼ 0.062) compared to NHW patients. Bleeding was similar between
NHB and NHW patients receiving appropriate prophylaxis, but higher in
Hispanic patients (3.0 % vs. 1.6 %, p ¼ 0.011) and NHOR (5.3 % vs. 2.9
%, p ¼ 0.032), compared to NHW patients. In the inpatient cohort not
receiving appropriate prophylaxis, VTE incidence was higher compared
to VTE incidence in the appropriate prophylaxis cohort, but similar be-
tween matched racial/ethnic cohorts compared. Postoperative bleeding
in those not receiving appropriate inpatient prophylaxis was higher in
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Table 1
Patient characteristics.

NHW (N ¼ 70,816) Hispanic (N ¼ 3454) NHB (N ¼ 2666) NHOR (N ¼ 2133) Total (N ¼ 79,069) p-value

Age, mean (sd) 59.37 (15.87) 51.28 (16.44) 52.07 (15.49) 52.50 (16.07) 58.58 (16.05) <0.001
Female sex 32,910 (46.47 %) 1801 (52.14 %) 1443 (54.13 %) 1117 (52.37 %) 37,271 (47.14 %) <0.001
ASA Class <0.001
1 1652 (2.33 %) 167 (4.83 %) 64 (2.40 %) 87 (4.08 %) 1970 (2.49 %)

2 26,233 (37.04 %) 1450 (41.98 %) 948 (35.56 %) 865 (40.55 %) 29,496 (37.30 %)
3 36,801 (51.97 %) 1613 (46.70 %) 1417 (53.15 %) 985 (46.18 %) 40,816 (51.62 %)
4 6112 (8.63 %) 224 (6.49 %) 235 (8.81 %) 196 (9.19 %) 6767 (8.56 %)
5 18 (0.03 %) 0 (0.00 %) 2 (0.08 %) 0 (0.00 %) 20 (0.03 %)

Hospital Site <0.001
Hospital Site 1 46,768 (66.04 %) 1316 (38.10 %) 1012 (37.96 %) 1312 (61.51 %) 50,408 (63.75 %)
Hospital Site 2 12,967 (18.31 %) 837 (24.23 %) 1346 (50.49 %) 288 (13.50 %) 15,438 (19.52 %)
Hospital Site 3 11,081 (15.65 %) 1301 (37.67 %) 308 (11.55 %) 533 (24.99 %) 13,223 (16.72 %)
Charlson, mean (sd) 1.90 (1.66) 1.65 (1.58) 1.86 (1.72) 1.90 (1.70) 1.89 (1.66) <0.001
Caprini, mean (sd) 8.52 (3.50) 7.74 (3.37) 7.88 (3.35) 7.60 (3.34) 8.44 (3.50) <0.001

Caprini score category <0.001
1-2 1266 (1.79 %) 116 (3.36 %) 74 (2.78 %) 81 (3.80 %) 1537 (1.94 %)
3-4 6337 (8.95 %) 464 (13.43 %) 323 (12.12 %) 295 (13.83 %) 7419 (9.38 %)
5–8 31,622 (44.65 %) 1594 (46.15 %) 1271 (47.67 %) 1010 (47.35 %) 35,497 (44.89 %)
9 or higher 31,591 (44.61 %) 1280 (37.06 %) 998 (37.43 %) 747 (35.02 %) 34,616 (43.78 %)

Departments <0.001
Neurosurgery 14,449 (20.40 %) 832 (24.09 %) 536 (20.11 %) 436 (20.44 %) 16,253 (20.56 %)
Bariatric 1434 (2.02 %) 116 (3.36 %) 214 (8.03 %) 28 (1.31 %) 1792 (2.27 %)
Cardiothoracic 14,869 (21.00 %) 530 (15.34 %) 328 (12.30 %) 461 (21.61 %) 16,188 (20.47 %)
Colorectal 9159 (12.93 %) 355 (10.28 %) 206 (7.73 %) 200 (9.38 %) 9920 (12.55 %)
ORL 4489 (6.34 %) 177 (5.12 %) 94 (3.53 %) 135 (6.33 %) 4895 (6.19 %)
General 7314 (10.33 %) 396 (11.46 %) 278 (10.43 %) 262 (12.28 %) 8250 (10.43 %)
Gynecological 4285 (6.05 %) 256 (7.41 %) 307 (11.52 %) 229 (10.74 %) 5077 (6.42 %)
Organ Transplantation 1884 (2.66 %) 218 (6.31 %) 173 (6.49 %) 108 (5.06 %) 2383 (3.01 %)
Plastic 1179 (1.66 %) 66 (1.91 %) 42 (1.58 %) 31 (1.45 %) 1318 (1.67 %)
Urology 8623 (12.18 %) 426 (12.33 %) 428 (16.05 %) 194 (9.10 %) 9671 (12.23 %)
Vascular 3131 (4.42 %) 82 (2.37 %) 60 (2.25 %) 49 (2.30 %) 3322 (4.20 %)

NHW ¼ non-Hispanic white, NHB¼ non-Hispanic black, NHOR ¼ non-Hispanic other race, sd¼ standard deviation, ASA¼ American Society of Anesthesiologists, ORL
¼ Otorhinolaryngology.

Table 2
Matched patient characteristics.

NHW (N ¼
2666)

NHB (N ¼
2666)

p-
value

NHW (N ¼
3454)

Hispanic (N ¼
3454)

p-
value

NHW (N ¼
2133)

NHOR (N ¼
2133)

p-
value

Sex
Male 1238 (46.4 %) 1223 (45.9 %) 0.68 1642 (47.5 %) 1653 (47.9 %) 0.79 1025 (48.1 %) 1016 (47.6 %) 0.78
Female 1428 (53.6 %) 1443 (54.1 %) 1812 (52.5 %) 1801 (52.1 %) 1108 (51.9 %) 1117 (52.4 %)

ASA score
1 58 (2.2 %) 64 (2.4 %) 0.84 151 (4.4 %) 167 (4.8 %) 0.67 102 (4.8 %) 87 (4.1 %) 0.52
2 966 (36.2 %) 948 (35.6 %) 1453 (42.1 %) 1450 (42.0 %) 868 (40.7 %) 865 (40.6 %)
3 1415 (53.1 %) 1417 (53.2 %) 1641 (47.5 %) 1613 (46.7 %) 987 (46.3 %) 985 (46.2 %)
4 223 (8.4 %) 235 (8.8 %) 209 (6.1 %) 224 (6.5 %) 176 (8.3 %) 196 (9.2 %)
5 4 (0.2 %) 2 (0.1 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)

Hospital site
1 1026 (38.5 %) 1012 (38.0 %) 0.91 1331 (38.5 %) 1316 (38.1 %) 0.81 1340 (62.8 %) 1312 (61.5 %) 0.49
2 1338 (50.2 %) 1346 (50.5 %) 814 (23.6 %) 837 (24.2 %) 263 (12.3 %) 288 (13.5 %)
3 302 (11.3 %) 308 (11.6 %) 1309 (37.9 %) 1301 (37.7 %) 530 (24.8 %) 533 (25.0 %)

Charlson score 1.8 (1.7) 1.9 (1.7) 0.78 1.6 (1.5) 1.6 (1.6) 0.53 1.9 (1.7) 1.9 (1.7) 0.44
Caprini score 7.9 (3.3) 7.9 (3.4) 0.88 7.7 (3.3) 7.7 (3.4) 0.84 7.6 (3.3) 7.6 (3.3) 0.87
Department
Neurologic 528 (19.8 %) 536 (20.1 %) 0.99 821 (23.8 %) 832 (24.1 %) 1.00 441 (20.7 %) 436 (20.4 %) 0.98
Bariatric 324 (12.2 %) 328 (12.3 %) 528 (15.3 %) 530 (15.3 %) 467 (21.9 %) 461 (21.6 %)
Cardiothoracic 202 (7.6 %) 206 (7.7 %) 358 (10.4 %) 355 (10.3 %) 197 (9.2 %) 200 (9.4 %)
Colorectal 414 (15.5 %) 428 (16.1 %) 417 (12.1 %) 426 (12.3 %) 177 (8.3 %) 194 (9.1 %)
ORL 284 (10.7 %) 278 (10.4 %) 405 (11.7 %) 396 (11.5 %) 266 (12.5 %) 262 (12.3 %)
General 328 (12.3 %) 307 (11.5 %) 275 (8.0 %) 256 (7.4 %) 242 (11.3 %) 229 (10.7 %)
Gynecological 102 (3.8 %) 94 (3.5 %) 185 (5.4 %) 177 (5.1 %) 138 (6.5 %) 135 (6.3 %)
Organ
Transplantation

51 (1.9 %) 60 (2.3 %) 72 (2.1 %) 82 (2.4 %) 54 (2.5 %) 49 (2.3 %)

Plastic 210 (7.9 %) 214 (8.0 %) 113 (3.3 %) 116 (3.4 %) 30 (1.4 %) 28 (1.3 %)
Urology 42 (1.6 %) 42 (1.6 %) 64 (1.9 %) 66 (1.9 %) 31 (1.5 %) 31 (1.5 %)
Vascular 181 (6.8 %) 173 (6.5 %) 216 (6.3 %) 218 (6.3 %) 90 (4.2 %) 108 (5.1 %)

NHW ¼ non-Hispanic white, NHB¼ non-Hispanic black, NHOR ¼ non-Hispanic other race, sd¼ standard deviation, ASA¼ American Society of Anesthesiologists, ORL
¼ Otorhinolaryngology.
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Table 3
Outcomes of matched patient cohorts.

INPATIENT COHORT NHW (N ¼
2666)

NHB (N ¼
2666)

p-
value

NHW (N ¼
3454)

Hispanic (N ¼
3454)

p-
value

NHW (N ¼
2133)

NHOR (N ¼
2133)

p-
value

Not appropriate 1469 (55.1 %) 1535 (57.6
%)

0.068 2118 (61.3 %) 2048 (59.3 %) 0.085 1366 (64.0 %) 1436 (67.3 %) 0.056

Appropriate 1197 (44.9 %) 1131 (42.4
%)

1336 (38.7 %) 1406 (40.7 %) 767 (36.0 %) 697 (32.7 %)

APPROPRIATE VTE
PROPHYLAXIS

NHW (N ¼
1131)

NHB (N ¼
1131)

p-
value

NHW (N ¼
1406)

Hispanic (N ¼
1406)

p-
value

NHW (N ¼
697)

NHOR (N ¼
697)

p-
value

Postoperative VTE 3 (0.3 %) 4 (0.4 %) 0.71 5 (0.4 %) 0 (0.0 %) 0.062 2 (0.3 %) 1 (0.1 %) 1.00
Postoperative Bleeding 37 (3.3 %) 34 (3.0 %) 0.72 22 (1.6 %) 42 (3.0 %) 0.011 20 (2.9 %) 37 (5.3 %) 0.032

NO APPROPRIATE VTE
PROPHYLAXIS

NHW (N ¼
1535)

NHB (N ¼
1535)

p-
value

NHW (N ¼
2048)

Hispanic (N ¼
2048)

p-
value

NHW (N ¼
1436)

NHOR (N ¼
1436)

p-
value

Postoperative VTE 15 (1.0 %) 17 (1.1 %) 0.72 19 (0.9 %) 21 (1.0 %) 0.75 14 (1.0 %) 13 (0.9 %) 0.84
Postoperative Bleeding 75 (4.9 %) 80 (5.2 %) 0.68 71 (3.5 %) 91 (4.4 %) 0.11 61 (4.2 %) 93 (6.5 %) 0.005

DISCHARGE COHORT NHW (N ¼
2166)

NHB (N ¼
2166)

p-
value

NHW (N ¼
2742)

Hispanic (N ¼
2742)

p-
value

NHW (N ¼
1662)

NHOR (N ¼
1662)

p-
value

Not appropriate 2049 (94.6
%)

2039 (94.1
%)

0.55 2555 (93.2
%)

2535 (92.5 %) 0.30 1537 (92.5
%)

1555 (93.6 %) 0.94

Appropriate 117 (5.4 %) 127 (5.9 %) 187 (6.8 %) 207 (7.5 %) 125 (7.5 %) 107 (6.4 %)

APPROPRIATE DISCHARGE VTE
PROPHYLAXIS

NHW (N ¼
127)

NHB (N ¼
127)

p-
value

NHW (N ¼
207)

Hispanic (N ¼
207)

p-
value

NHW (N ¼
107)

NHOR (N ¼
107)

p-
value

90-day VTE 0 (0.0 %) 0 (0.0 %) N/A 0 (0.0 %) 0 (0.0 %) N/A 1 (0.9 %) 1 (0.9 %) 1.00
90-day Bleeding 0 (0.0 %) 0 (0.0 %) N/A 0 (0.0 %) 0 (0.0 %) N/A 0 (0.0 %) 1 (0.9 %) 1.00

NO APPROPRIATE DISCHARGED
VTE PROPHYLAXIS

NHW (N ¼
2039)

NHB (N ¼
2039)

p-
value

NHW (N ¼
2535)

Hispanic (N ¼
2535)

p-
value

NHW (N ¼
1555)

NHOR (N ¼
1555)

p-
value

90-day VTE 19 (0.9 %) 15 (0.7 %) 0.49 24 (0.9 %) 19 (0.7 %) 0.44 16 (1.0 %) 3 (0.2 %) 0.007
90-day Bleeding 17 (0.8 %) 17 (0.8 %) 1.00 10 (0.4 %) 19 (0.7 %) 0.094 9 (0.6 %) 7 (0.5 %) 0.80

NHW ¼ non-Hispanic white, NHB ¼ non-Hispanic black, NHOR ¼ non-Hispanic other race, VTE ¼ venous thromboembolism.
P-values results from Pearson's Chi square tests or Fisher's Exact tests for comparisons with at least 25 % of cell counts <5.
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NHOR patients than NHW patients (6.5 % vs. 4.2 %, p ¼ 0.005), but was
similar in NHB and Hispanic patients compared to NHW patients.

The racial/ethnic cohorts receiving appropriate discharge prophy-
laxis were significantly less than those receiving inpatient appropriate
prophylaxis, with no significant difference in receiving discharge pro-
phylaxis between racial/ethnic cohorts. In the matched discharged
cohort receiving appropriate VTE prophylaxis, both VTE and bleeding
were uncommon and were similar between matched racial/ethnic co-
horts. In the discharged cohort not receiving appropriate prophylaxis,
VTE events were more common. They were similar between NHB and
NHW patients, as well as Hispanic and NHW patients, but lower in NHOR
(0.2 % vs. 1.0 %, p ¼ 0.007) compared to NHW patients.

In logistic regression models, the odds of receiving appropriate
inpatient VTE prophylaxis was lower for NHOR (0.86, CI: 0.76–0.98, p ¼
Table 4
Logistic regression models for appropriate prophylaxis, venous thromboembolism, an

Reference: NHW NHB Hispanic

INPATIENT COHORT N OR (95 % CI) p-value N

Appropriate prophylaxis 2666 0.90 (0.81, 1.01) 0.068 3454
APPROPRIATE VTE PROPHYLAXIS
Postoperative VTE 1131 N/A N/A 1406
Postoperative Bleeding 1131 0.92 (0.57, 1.47) 0.72 1406
NO APPROPRIATE VTE PROPHYLAXIS
Postoperative VTE 1535 1.13 (0.56, 2.31) 0.72 2048
Postoperative Bleeding 1535 1.07 (0.77, 1.48) 0.68 2048

DISCHARGE COHORT N OR (95 % CI) p-value N

Appropriate prophylaxis 2166 1.08 (0.84, 1.40) 0.55 2742

APPROPRIATE VTE PROPHYLAXIS
90-day VTE 127 N/A N/A 207
90-day Bleeding 127 N/A N/A 207
NO APPROPRIATE VTE PROPHYLAXIS
90-day VTE 2039 0.79 (0.39, 1.55) 0.49 2535
90-day Bleeding 2039 1.00 (0.51, 1.98) 1.00 2535

NHW ¼ non-Hispanic white, NHB ¼ non-Hispanic black, NHOR ¼ non-Hispanic othe
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0.024) compared to NHW patients, but similar for NHB (OR 0.90) and
Hispanic (OR 1.09), compared to NHW patients (Table 4). In those
receiving appropriate inpatient VTE prophylaxis, postoperative VTE rates
were not significantly different for NHB (OR 1.33) and NHOR (OR 0.50)
compared to NHW patients. Inpatient bleeding among patients receiving
appropriate inpatient prophylaxis was also similar between NHB
compared to NHW patients (OR 0.92) but more likely in Hispanic (OR
1.94, CI: 1.16–3.32, p ¼ 0.013) and NHOR (OR 1.90, CI: 1.10–3.36, p ¼
0.024), compared to NHW patients. For the inpatient cohort who did not
receive prophylaxis, VTE and bleeding outcomes were similar between
racial/ethnic cohorts, except for a higher likelihood of bleeding in NHOR
(OR 1.56, CI: 1.12–2.18, p ¼ 0.008) compared to NHW patients. At
discharge, the likelihood of receiving appropriate discharged prophylaxis
was not significantly different for NHB (OR 1.08), Hispanic (OR 1.12), or
d bleeding.

NHOR

OR (95 % CI) p-value N OR (95 % CI) p-value

1.09 (0.99, 1.20) 0.085 2133 0.86 (0.76, 0.98) 0.024

N/A N/A 697 N/A N/A
1.94 (1.16, 3.32) 0.013 697 1.90 (1.10, 3.36) 0.024

1.11 (0.59, 2.08) 0.75 1436 0.93 (0.43, 1.99) 0.85
1.29 (0.94, 1.78) 0.11 1436 1.56 (1.12, 2.18) 0.008

OR (95 % CI) p-value N OR (95 % CI) p-value

1.12 (0.91, 1.37) 0.30 1662 0.85 (0.65, 1.11) 0.22

N/A N/A 107 N/A N/A
N/A N/A 107 N/A N/A

0.79 (0.43, 1.44) 0.45 1555 0.19 (0.04, 0.56) 0.008
1.91 (0.9, 4.28) 0.099 1555 0.78 (0.28, 2.09) 0.62

r race, VTE ¼ venous thromboembolism.
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NHOR (OR 0.85) compared to NHW patients. Regression analysis for the
discharge appropriate prophylaxis cohort was not feasible due to the
small sample and low event rates. For the discharge cohort not receiving
appropriate prophylaxis, VTE complications were similar between racial/
ethnic cohorts, except for lower VTE odds in NHOR (OR 0.19, CI:
0.04–0.56, p ¼ 0.008). There were no differences in 90-day bleeding
complications between racial/ethnic cohorts not receiving appropriate
discharge VTE prophylaxis.

4. Discussion

In this study, we explored VTE risk assessment and prevention prac-
tice patterns in surgical patients to determine if disparity exists and its
associated impact on outcomes. We found that receipt of appropriate
Caprini guideline indicated inpatient thromboprophylaxis resulted in
similar VTE incidence between racial/ethnic cohorts. Given the small
sample size and very low VTE events in the racial/ethnic cohorts
compared, our finding that appropriate inpatient thromboprophylaxis
resulted in similar VTE incidence in our racial/ethnic cohorts should be
interpreted with caution. The receipt of Caprini guideline indicated
discharge thromboprophylaxis was overall low and did not significantly
differ between racial/ethnic cohorts. Definitive conclusion about the
impact of discharge thromboprophylaxis practice patterns among racial/
ethnic cohorts could not be made given the limited VTE events in the
discharge cohort. We also found that compared to NHW patients, His-
panic patients had a similar rate of receiving appropriate inpatient
thromboprophylaxis (p ¼ 0.085), but a higher risk of postoperative
bleeding (p ¼ 0.011). In contrast, the NHOR cohort had a significantly
lower likelihood of receiving in-hospital appropriate VTE prophylaxis
based on Caprini practice guidelines, but a significantly higher risk of
postoperative bleeding (p ¼ 0.032). This suggests that postoperative
bleeding risk is more likely to be related to variables other than receiving
Caprini guideline indicated thromboprophylaxis.

While likely underpowered to show significant differences, our study
suggests that there is variability in VTE prophylaxis practice patterns
across racial/ethnic cohorts. This is consistent with other studies
showing variability in VTE practice patterns based on race.22,28,29 For
example, Douds et al. found that black race was a significant risk factor
for lower rates of VTE prophylaxis.15 Next, Nathan et al. found that black
compared to white patients were less likely to receive VTE prophylaxis,
particularly with medications such as direct oral anticoagulants
(DOACs).28 In contrast, Zebley et al.29 showed that in trauma settings,
black patients were 4 % more likely to receive VTE prophylaxis, high-
lighting the impact that practice type may have on VTE practice patterns.

Studies have also shown the impact of Caprini guideline indicated
VTE prophylaxis on VTE reduction, without increasing bleeding risk.30

While these studies clearly show benefits in VTE risk reduction, the co-
horts analyzed were not stratified by race/ethnicity. Similar to the results
of our study, which suggests that with appropriate risk based VTE pro-
phylaxis, VTE outcomes are similar between racial/ethnic cohorts,
Folsom et al.31 showed that VTE rates did not differ between black and
white patients. They further suggested that the frequently reported
higher incidence of VTE may be explained by higher VTE risk factors in
black patients. The lack of racial disparity in VTE outcomes noted in our
study may also reflect the lack of significant differences in receipt of
Caprini guideline-indicated prophylaxis. In addition to differences in VTE
risk factors and adherence to recommended VTE prevention practice
guidelines, differences in VTE incidence by race also must be evaluated in
the context variables that may impact VTE incidence, such as genetic
risks or social determinants of health.32,33

For Hispanic patients in our study, there was a trend towards being
more likely to receive Caprini guideline-indicated prophylaxis, which
may have correlated with a trend towards less VTE but higher bleeding.
This contrasts with the study by Zebley et al.29 showing that Hispanics
were found to be 8 % less likely to receive VTE prophylaxis compared to
White patients (p < 0.01). However, this study is like prior studies
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showing reduced VTE risk with guideline indicated VTE prophylaxis
prevention measures. In the non-Hispanic other racial cohort in this
study, there was a reduced likelihood of receiving Caprini guideline
indicated VTE prophylaxis, with no difference in VTE outcomes, but a
significantly higher bleeding risk. The finding in our study of reduced
odds of risk based VTE prophylaxis, but increased bleeding risk suggests
that unaccounted for variables, other than appropriate thromboprophy-
laxis, contributes to bleeding risk. Edwards et al. have shown in multiple
studies34,35 and in different surgical cohorts that factors other than
Caprini guideline indicated VTE thromboprophylaxis independently
contribute to increased postoperative bleeding risk, including higher
Charlson comorbidity, ASA, and Caprini scores. However, it is also
possible that our findings may suggest a selection bias in who received
appropriate prophylaxis, not accounted for in our analysis, such as
procedure.

In our study, receipt of Caprini guideline indicated discharge
thromboprophylaxis was overall low compared to inpatient appropriate
prophylaxis and was similar between racial/ethnic cohorts. Across race/
ethnic cohorts, discharge VTE events occurred primarily in cohorts not
receiving appropriate prophylaxis. Low sample and event rates limited
the ability to identify independent associations between discharge pro-
phylaxis practice and outcomes and draw definitive conclusions about
the impact of discharge prophylaxis practice patterns in racial/ethnic
cohorts.

Consistent with our study results, Keane et al. found poor chemo-
prophylaxis utilization (33 %) in high-risk patients.36

The impact of extended VTE prophylaxis in surgical cohorts has been
well-documented in the literature.37,38 In our discharge cohort, small
cohort sizes and low event rates limit any definitive conclusion about
discharge practice patterns between racial cohorts and outcomes. It is
important to acknowledge several limitations of our study. This is a
retrospective study from a single hospital system, which may limit
generalizability of our findings. However, the three hospital sites
included in this health system analysis are in different regions of the
United States, which make our results applicable to many other contexts
across the country. The study relied on coding and radiology impressions
to identify VTE and bleeding events, introducing the possibility of mea-
surement bias.

While variations in practice may contribute to the differences noted,
the study does not account for other reasons that may have contributed to
the differences observed, such as patient preferences, healthcare provider
decision-making, or cultural factors. Interpretation of our analyzed dis-
charged cohort is limited by the small sample size, resulting in an un-
derpowered analysis. In addition, the low event rates also limited the
ability to perform regression models to identify independent associations
between discharge prophylaxis measures, race/ethnicity, and outcomes.
While the inpatient cohort accounted for VTE prophylaxis medication
ordered and administered, the discharge cohort accounted for discharge
medication orders, but not for compliance. Due to socioeconomic or
other social determinants of health, ordered discharged VTE prophylaxis
medications may not have been filled or, if filled, not taken as recom-
mended, which further limits our interpretation of the discharged cohort
analyzed. Finally, our study does not account for other variables that may
have impacted VTE risk, such as procedure type. Given the sample in our
cohort and low VTE event rates, assessing the impact of procedure was
not feasible.

5. Conclusion

In this study, receipt of appropriate prophylaxis resulted in similar
VTE incidence between racial/ethnic cohorts analyzed, suggesting that
when risk based VTE prophylaxis is used, disparities in VTE incidence
could be mitigated. Postoperative bleeding occurrence was not consis-
tently associated with receipt of appropriate prophylaxis. NHOR had a
significantly lower likelihood of receiving appropriate prophylaxis, but a
higher risk of postoperative bleeding, which suggests that postoperative
 Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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bleeding may be associated with variables other than receipt of risk-
guided prophylaxis. A larger sample is needed to validate the findings
of our study.
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