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Introduction

Venous thromboembolism (VTE), a composite of deep vein
thrombosis (DVT) and pulmonary embolism (PE), is an
important perioperative vascular complication associated

with increased morbidity and mortality. As hospitalization
for surgery is one of the strongest risk factors for VTE, clinical
practice guidelines recommend routine prophylaxis for
patients undergoing major general, abdominal, pelvic, ortho-
paedic, thoracic, or trauma surgery.1,2 However, data on the
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Abstract Background Venous thromboembolism (VTE) is a common vascular complication of
noncardiac surgery.
Methods We evaluated national trends in perioperative in-hospital VTE incidence,
management, and outcomes using a large database of hospital admissions from the
United States. Patients aged � 45 years undergoing major noncardiac surgery from
2005 to 2013 were identified from the National Inpatient Sample. In-hospital perio-
perative VTE was defined as lower extremity deep vein thrombosis (DVT) or pulmonary
embolism (PE), and the incidence was evaluated over time. Multivariable regression
models with demographics and comorbidities as covariates were generated to
estimate adjusted odds ratios (aOR).
Results Major noncardiac surgery was performed in 9,431,442 hospitalizations that
met inclusion criteria, and perioperative VTE occurred in 99,776 patients (1,057 per
100,000), corresponding to an annual incidence of �53,000 after applying sample
weights. Over time, perioperative VTE per 100,000 surgeries increased by 135 (95%
confidence interval [CI]: 107–163), from 925 in 2005 to 1,060 in 2013 (p for trend
<0.001; aOR [for 2013 vs. 2005]: 1.22, 95% CI: 1.19–1.26), due to increases in nonfatal
VTE rates (from 840 [per 100,000 surgeries] in 2005 to 987 in 2013; p for trend
<0.001). Perioperative VTE occurred most frequently in patients undergoing thoracic
(2.0%) and vascular surgery (1.8%). Mortality was higher in patients with VTE than
those without VTE (aOR: 3.12, 95% CI: 3.05–3.20).
Conclusion Perioperative VTE occurs in approximately 1% of patients �45 years under-
going major noncardiac surgery, with increasing incidence of nonfatal VTE over time.
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contemporary incidence, management, and outcomes of peri-
operative VTE after major noncardiac surgery remain
limited.3–7 We evaluated national trends in perioperative
VTE incidence and outcomes associated with noncardiac
surgery in a large administrative database of hospital admis-
sions from the United States.

Methods

Study Population
The Healthcare Cost and Utilization Project’s (HCUP)
National Inpatient Sample (NIS)was used to identify patients
undergoing major noncardiac surgery during the years 2005
to 2013. The HCUP NIS is a national administrative database
of all discharge-level data collected from a 20% stratified
sample of U.S. hospitals until 2012 and a 20% stratified
sample of discharges among all U.S. hospitals thereafter.
Given the low prevalence of VTE in younger cohorts, patients
45 years or older with a principal International Classification
of Diseases, Ninth Revision (ICD-9) procedure code for amajor
therapeutic operating room procedure (HCUP Procedure
Class 4) were included in the analysis. Principal Clinical
Classifications Software (CCS) procedure codes, aggregates
of related primary ICD9 procedure codes by surgical subtype,
were used to exclude patients who underwent cardiac
procedures (n ¼ 1,465,792), cardiac surgery and cardiac
transplantation (n ¼ 522,635), bone marrow transplanta-
tion (n ¼ 16,934), ophthalmologic surgery (n ¼ 11,458),
radiation therapy (n ¼ 8,216), dental surgery (n ¼ 1,570),
and nonoperating room procedures (n ¼ 311).8 Patients
with ICD-9 procedure codes for venous thrombectomy or
embolectomy (n ¼ 1,389) and inferior vena cava (IVC) filter
placement in the primary position were also excluded
(n ¼ 133,446). Major noncardiac surgery CCS procedure
codes were clustered into 12 major surgical subtypes for
analysis: endocrine, general, genitourinary, gynecologic,
neurosurgery, obstetrics, orthopaedic, otolaryngology, skin
and breast, thoracic, noncardiac solid-organ transplant, and
vascular surgery. Perioperative VTE diagnoses during the
index surgical hospitalization were identified using ICD-9
diagnosis codes for acute PE (415.1�) and lower extremity
DVT (451.1�, 451.81, 453.2, 453.4�).4

In-Hospital Management and Outcomes
Infusion of thrombolytic agent (99.10) or pulmonary angio-
graphy and catheter-based thrombolysis (procedure codes
99.10 and 88.43) were defined based on ICD-9 procedure
codes during inpatient hospitalization.9 IVC filter placement
(38.7) was defined by an ICD-9 procedure code in a nonprim-
ary position. The primary study outcome was in-hospital all-
cause mortality.

Statistical Analysis
Continuous variables were reported as mean � standard
deviation (SD) and compared using the Student’s t-test.
Categorical variables were reported as percentages and
compared by Chi-square tests. Analyses of proportions
over time were performed using the Cochran-Armitage

test for trend. Multivariable logistic regression models
were generated to estimate odds ratios (aOR), adjusted for
patient demographics, cardiovascular risk factors, and rele-
vant comorbidities. Models included age, sex, race/ethnicity
(as reported in the NIS), tobacco use, obesity, hypertension,
hyperlipidemia, diabetes mellitus, chronic kidney disease,
end-stage renal disease, coronary artery disease, peripheral
arterial disease, congestive heart failure, valvular heart
disease, prior VTE, chronic lung disease, alcohol abuse,
malignancy, anemia, elective/urgent hospitalization, surgery
type, and year of hospitalization as clinical covariates. When
specified, HCUP NIS sampling weights were applied to
extrapolate to nationwide findings.10 To facilitate data pre-
sentation in the tables, patient characteristics and outcomes
were reported in 3-year intervals (2005–2007, 2008–2010,
and 2011–2013) when specified. Statistical analyses were
performed using SPSS 20 (IBM SPSS Statistics, Armonk, NY)
and R (R Foundation for Statistical Computing, Vienna,
Austria). Statistical tests were two-sided and p-values
<0.05 were considered to be statistically significant.

Sensitivity Analyses
Several sensitivity analyses were performed to validate the
study findings. To exclude cases in which VTE may have
preceded the primary noncardiac surgery, a sensitivity ana-
lysis was performed in the cohort of patients undergoing
surgery within the first 48 hours of hospital admission. To
account for declines in overall length of stay over time among
patients hospitalized for surgery, rates of VTE per 100
inpatient hospital days were also determined.

Results

A total of 9,431,442 hospitalizations for major noncardiac
surgery met the inclusion criteria (►supplementary Fig. S1,
available online). This corresponds to an estimated 45,133,367
surgical hospitalizations in the United States during this time
period, after applying sampling weights. VTE occurred in
99,776 patients (1,058 per 100,000 [1.06%]) hospitalized for
major noncardiac surgery, corresponding to an estimated
476,782 perioperative VTE events nationally after applying
sampling weights. Among the patients with incident VTE,
57.1% were diagnosed with DVT, 35.4% with PE, and 9.5%
with DVT and PE. Demographics and baseline characteristics
of patients with and without perioperative VTE are shown
in►Table 1. PatientswithVTEwere older andmore likely tobe
male. In a multivariable-adjusted model, major clinical pre-
dictors of perioperative VTE included advanced age, obesity,
heart failure, malignancy, anemia, and a history of prior VTE
(►Table 2).

Trends in Perioperative VTE
Over time, the number of perioperative VTE per 100,000
surgeries increased by 135 (95% confidence interval [CI]:
107–163), from 925 in 2005 to 1,060 in 2013 (p for trend
<0.0001; aOR: 1.22, 95% CI: 1.19–1.26). Similar trends were
observed for DVT (608 per 100,000 surgeries in 2005 to 720
in 2013, p for trend <0.0001) and PE (393 per 100,000
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surgeries in 2005 to 462 in 2013, p for trend <0.0001). Rates
of fatal VTE per 100,000 surgeries declined over time, from
85 in 2005 to 73 in 2013 (p for trend <0.0001); nonfatal VTE
per 100,000 surgeries increased from 840 in 2005 to 987 in
2013 (p for trend <0.0001). Trends in rates of perioperative

VTE are shown in►Table 3 and►Fig. 1A, B. VTE trends by sex
and race are shown in ►Supplementary Figs. S2 and S3

(available online). Men (vs. women) and non-Hispanic black
patients (vs. other race/ethnicity groups) had higher rates of
VTE at all time points (p < 0.001 for each time point).

Table 1 Baseline characteristics of patients undergoing major noncardiac surgery with and without in-hospital perioperative
venous thromboembolism

All surgeries
(n ¼ 9,431,442)

Perioperative VTE
(n ¼ 99,776)

No perioperative VTE
(n ¼ 9,331,666)

Standardized
differences (%)

Age (mean � SD) 65.64 � 12.25 68.03 � 12.20 65.62 � 12.25 19.7

Female sex, no. (%) 5,317,479 (56.5%) 51,681 (51.8%) 5,265,798 (56.5%) 9.5

Race/ethnicity

White non-Hispanic 6,195,679 (65.7%) 62,929 (63.1%) 6,132,750 (65.7%) 5.5

Black non-Hispanic 742,267 (7.9%) 11,213 (11.2%) 731,054 (7.8%) 11.6

Hispanic 541,744 (5.7%) 5,501 (5.5%) 536,243 (5.7%) 1.0

Other race 370,385 (3.9%) 3,663 (3.7%) 366,722 (3.9%) 1.4

Unknown 1,581,367 (16.8%) 16,470 (16.5%) 1,564,897 (16.8%) 0.70

Obesity 1,033,210 (11.0%) 12,004 (12%) 1,021,206 (10.9%) 3.4

Tobacco use 972,930 (10.3%) 8,799 (8.8%) 964,131 (10.3%) 5.1

Hypertension 5,530,310 (58.6%) 55,189 (55.3%) 5,475,121 (58.7%) 6.8

Hyperlipidemia 2,788,252 (29.6%) 24,560 (24.6%) 2,763,692 (29.6%) 11.3

Diabetes mellitus 2,328,223 (24.7%) 24,479 (24.5%) 2,303,744 (24.7%) 0.40

Chronic kidney disease 764,070 (8.1%) 11,970 (12%) 752,100 (8.1%) 13.1

End-stage renal disease 253,005 (2.7%) 3,866 (3.9%) 249,139 (2.7%) 6.8

Coronary artery disease 1,676,485 (17.8%) 16,802 (16.8%) 1,659,683 (17.8%) 2.5

Peripheral arterial disease 669,582 (7.1%) 7,963 (8%) 661,619 (7.1%) 3.4

Valvular heart disease 398,235 (4.2%) 4,824 (4.8%) 393,411 (4.2%) 3.0

History of heart failure 604,658 (6.4%) 12,285 (12.3%) 592,373 (6.3%) 20.6

History of venous thromboembolism 239,023 (2.5%) 5,342 (5.4%) 233,681 (2.5%) 14.7

Chronic pulmonary disease 1,590,222 (16.9%) 19,510 (19.6%) 1,570,712 (16.8%) 7.1

Alcohol abuse 200,432 (2.1%) 3,165 (3.2%) 197,267 (2.1%) 6.6

Malignancy 495,945 (5.3%) 13,785 (13.8%) 482,160 (5.2%) 29.8

Anemia 1,465,759 (15.5%) 27,104 (27.2%) 1,438,655 (15.4%) 29.0

Elective surgery 5,770,943 (61.4%) 35,268 (35.5%) 5,735,675 (61.6%) 54.2

Surgery type

General 2,039,973 (21.6%) 22,293 (22.3%) 2,017,680 (21.6%) 1.7

Endocrine 110,200 (1.2%) 432 (0.4%) 109,768 (1.2%) 8.3

Genitourinary 689,590 (7.3%) 6,517 (6.5%) 683,073 (7.3%) 3.1

Neurosurgery 542,651 (5.8%) 7,343 (7.4%) 535,308 (5.7%) 6.6

Obstetric/gynecologic 551,126 (5.8%) 2,215 (2.2%) 548,911 (5.9%) 18.7

Orthopaedic 3,893,445 (41.3%) 34,839 (34.9%) 3,858,606 (41.3%) 13.3

Otolaryngology 70,005 (0.7%) 429 (0.4%) 69,576 (0.7%) 4.1

Skin/breast 407,787 (4.3%) 5,251 (5.3%) 402,536 (4.3%) 4.4

Thoracic 212,572 (2.3%) 4,242 (4.3%) 208,330 (2.2%) 11.4

Transplant 29,083 (0.3%) 374 (0.4%) 28,709 (0.3%) 1.2

Vascular 885,010 (9.4%) 15,841 (15.9%) 869,169 (9.3%) 19.9

Abbreviation: VTE, venous thromboembolism.
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Despite declines in overall length of stay for surgical
admissions during the analysis period, rates of VTE per 100
inpatient hospital days increased over time, from 0.16 in 2005
to0.21 in2013 (p for trend<0.001). Toexclude cases inwhicha
VTE may have preceded an urgent surgery, a sensitivity
analysis of patients undergoing noncardiac surgery within
the first 48 hours of hospitalization was performed. The

frequency of VTE (768 per 100,000 [0.77%]) in this analysis
was lower than the overall cohort, but exhibited similar trends
(VTE: 677 per 100,000 surgeries in 2005 to 804 in 2013, p for
trend<0.0001; DVT: 427 per 100,000 surgeries in 2005 to 525
in 2013, p for trend<0.0001; PE: 302 per 100,000 surgeries in
2005 to 367 in 2013, p for trend <0.0001).

Surgery-Specific Risks
In unadjusted analyses, patients undergoing thoracic surgery
(2.0%) and vascular surgery (1.8%) had the highest absolute
risks of perioperative VTE (►Fig. 2). In a model adjusted for
demographics and clinical covariates, vascular surgery (aOR:
2.46; 95%CI: 2.40–2.51) and thoracic surgery (aOR: 1.93; 95%
CI: 1.86–1.99) were the strongest independent predictors of
perioperative VTE. Other surgical predictors of perioperative
VTE after multivariable adjustment are shown in ►Table 2.

In-Hospital Management of VTE
Hospital length of stay was longer for patients with perio-
perative VTE than those without VTE after noncardiac sur-
gery (11 days; interquartile range [IQR]: 6–20] vs. 3 days
[IQR: 2–6], p < 0.001). Length of stay for patients with
perioperative VTE decreased slightly over time, from a
median of 11 days (IQR: 7–19 days) in 2005 to 10 days
(IQR: 6–18 days) in 2013 (p < 0.0001).

In-hospital placement of an IVC filter was performed in
24,014 (24.1%) patients with perioperative VTE. IVC filters
were placed in 41.0% of patients with DVT and PE, 24.7% of
patients with DVT alone, and 18.1% of patients with PE alone.
Among patients with perioperative PE, systemic thromboly-
tic therapy was administered in 3.3% of cases and catheter-
directed thrombolysis was performed in 0.3% of cases.

Outcomes of Perioperative VTE
In-hospital mortality was higher in patients with periopera-
tive VTE versus those without VTE in unadjusted analyses
(8.2 vs. 1.5%, p < 0.001) and after adjustment for clinical
covariates (aOR: 3.12, 95% CI: 3.05–3.20). Increased odds of
mortality after multivariable adjustment were observed for
patientswith perioperative PEversus thosewithout PE (aOR:
4.96, 95% CI: 4.80–5.13 for PE) and perioperative DVT versus
those without DVT (aOR: 2.10, 95% CI: 2.03–2.18). Among
patients with perioperative VTE, mortality was significantly
higher for patients with PE than patients with DVT (11.2 vs.
6.4%, p < 0.001).

In-hospital mortality associated with perioperative VTE
declined from 9.2% in 2005 to 6.9% in 2013 (p for trend
<0.0001; aOR: 0.88, 95% CI: 0.84–0.93; ►Fig. 3). Adjusted
mortality decreased significantly between 2005 and 2013
among patients with PE (aOR: 0.84; 95% CI: 0.72–0.97). In
contrast, adjustedmortalitydidnotchangesignificantlyamong
patients with DVT (aOR: 0.93; 95% CI: 0.80–1.08; ►Fig. 4).

Discussion

Among 9.4 million U.S. hospitalizations for major noncardiac
surgery from 2005 to 2013, perioperative VTE occurred in
1.0% of cases, and rates increased over time. Major predictors

Table 2 Predictors of venous thromboembolism during
hospitalization for major noncardiac surgery

Adjusted odds ratio
(95% CI)

p-Value

Age (per year) 1.01 (95% CI: 1.01–1.01) <0.001

Female sex 0.86 (95% CI: 0.85–0.87) <0.001

Race/ethnicity

White non-Hispanic Reference <0.001

Black non-Hispanic 1.34 (95% CI: 1.31–1.37)

Hispanic 0.95 (95% CI: 0.92–0.97)

Other race 0.93 (95% CI: 0.9–0.96)

Unknown 1.1 (95% CI: 1.08–1.12)

Obesity 1.40 (95% CI: 1.37–1.43) <0.001

Tobacco use 0.82 (95% CI: 0.81–0.84) <0.001

Hypertension 0.79 (95% CI: 0.78–0.8) <0.001

Hyperlipidemia 0.85 (95% CI: 0.83–0.86) <0.001

Diabetes mellitus 0.88 (95% CI: 0.87–0.89) <0.001

Chronic kidney disease 1.02 (95% CI: 0.99–1.04) 0.12

End-stage renal disease 0.69 (95% CI: 0.66–0.72) <0.001

Coronary artery disease 0.84 (95% CI: 0.83–0.86) <0.001

Peripheral arterial disease 0.81 (95% CI: 0.79–0.83) <0.001

Valvular heart disease 0.94 (95% CI: 0.91–0.97) <0.001

History of heart failure 1.5 (95% CI: 1.47–1.53) <0.001

History of venous
thromboembolism

2.05 (95% CI: 1.99–2.11) <0.001

Chronic pulmonary
disease

1.04 (95% CI: 1.02–1.05) <0.001

Alcohol abuse 1.09 (95% CI: 1.05–1.13) <0.001

Malignancy 2.37 (95% CI: 2.33–2.42) <0.001

Anemia 1.62 (95% CI: 1.6–1.65) <0.001

Elective surgery 0.4 (95% CI: 0.4–0.41) <0.001

Surgery type

General Reference <0.001

Endocrine 0.64 (95% CI: 0.58–0.7)

Genitourinary 1.06 (95% CI: 1.03–1.09)

Gynecologic 0.71 (95% CI: 0.68–0.74)

Neurosurgery 1.65 (95% CI: 1.61–1.7)

Obstetric 0.14 (95% CI: 0.07–0.28)

Orthopaedic 1.06 (95% CI: 1.04–1.08)

Otolaryngology 0.63 (95% CI: 0.57–0.69)

Skin/breast 1.29 (95% CI: 1.25–1.33)

Thoracic 1.93 (95% CI: 1.86–1.99)

Transplant 1.47 (95% CI: 1.32–1.63)

Vascular 2.46 (95% CI: 2.4–2.51)
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included advancing age, male sex, obesity, heart failure,
malignancy, anemia, and a history of prior VTE. In adjusted
analyses, patients undergoing thoracic and noncardiac vas-
cular surgery had the highest risks of perioperative VTE.

The observed increase in the incidence of perioperative VTE
occurred over time despite a renewed focus on the importance
of perioperative VTE prophylaxis as an unmet need and public
healthcrisis.11Riskassessmentmodels topredictVTErisk have
been developed and validated in multiple surgical subspecial-
ties,12–16 thereby enabling providers to identify patients who
might derive the greatest benefit fromappropriateVTE throm-
boprophylaxis. There is evidence that providers have increased
adherence to perioperative VTE prophylaxis over time. Among
patients undergoing colorectal surgery, for example, the rate of
perioperative pharmacological thromboprophylaxis increased
substantially from 31.6% in 2006 to 86.4% in 2011. However,
there is conflicting evidence regarding associations between
increased rates of pharmacological thromboprophylaxis and
declines in perioperative VTE.14,17,18Data on in-hospital phar-
macological thromboprophylaxis were not available from the
NIS dataset; so, its impact onVTE incidence cannot be assessed
in the present study. However, based on the trends reported

from individual surgical subspecialties, it is possible that
rates of perioperative pharmacological thromboprophylaxis
increased nationally during the analysis period.17

The etiologyof increasing rates of VTEmayalso be linked to
changes in approaches to clinical diagnosis. With increasing
awareness of perioperative VTE risk, novel risk scores and
prediction rules, and high-resolution multidetector CT angio-
graphy for PE, increased diagnostic sensitivity may be at least
partially responsible for the increased incidence of periopera-
tive VTE over time. In fact, a rising incidence of VTE has also
been reported among nonsurgical hospitalized patients.19

Finally, theobserved increases inVTE incidencemaybe related
to changes in burden of risk factors for venous thromboem-
bolic disease, or increasing surgical case complexity over time.

In this analysis, mortality associatedwith perioperative VTE
declined over time. This finding is consistent with trends
described in nonsurgical and surgical subspecialty populations
with acuteVTE.4,20–23 In a recent report fromtheComputerized
Registry of Patients with Venous Thromboembolism (RIETE), a
multinational, observational cohort study of patients with any
diagnosis of VTE, risk-adjusted all-cause mortality rates asso-
ciated with acute PE declined substantially between 2001 and

Table 3 Trends in baseline characteristics of all patients undergoing major noncardiac surgery and the frequency of in-hospital
perioperative venous thromboembolic events over time

2005–2007
(n ¼ 3,109,729)

2008–2010
(n ¼ 3,263,943)

2011–2013
(n ¼ 3,057,770)

p-Value

Age (mean � SD) 65.74 � 12.53 65.51 � 12.30 65.69 � 11.92 <0.0001

Female 1,779,263 (57.4%) 1,838,944 (56.5%) 1,699,272 (55.6%) <0.0001

Elective surgery 1,894,112 (61.1%) 1,997,551 (61.3%) 1,879,280 (61.7%)

Surgery type

General 671,964 (21.6%) 707,741 (21.7%) 660,268 (21.6%) <0.0001

Endocrine 38,351 (1.2%) 39,934 (1.2%) 31,915 (1%)

Genitourinary 239,280 (7.7%) 244,593 (7.5%) 205,717 (6.7%)

Gynecologic 224,192 (7.2%) 191,069 (5.9%) 128,154 (4.2%)

Neurosurgery 184,159 (5.9%) 184,416 (5.7%) 174,076 (5.7%)

Obstetric 2,665 (0.1%) 2,671 (0.1%) 2,375 (0.1%)

Orthopedic 1,171,541 (37.7%) 1,348,043 (41.3%) 1,373,861 (44.9%)

Otolaryngology 24,600 (0.8%) 23,422 (0.7%) 21,983 (0.7%)

Skin/breast 162,165 (5.2%) 133,012 (4.1%) 112,610 (3.7%)

Thoracic 67,700 (2.2%) 75,917 (2.3%) 68,955 (2.3%)

Transplant 7,994 (0.3%) 11,406 (0.3%) 9,683 (0.3%)

Vascular 315,118 (10.1%) 301,719 (9.2%) 268,173 (8.8%)

Adverse cardiovascular events

Pulmonary embolism 12,842 (0.41%) 15,558 (0.48%) 14,404 (0.47%) <0.0001

Deep vein thrombosis 20,259 (0.65%) 24,077 (0.74%) 22,076 (0.72%) <0.0001

Venous thromboembolism (VTE) 30,530 (1.0%) 36,227 (1.1%) 33,019 (1.1%) <0.0001

Fatal VTE 2,752 (9%) 3,006 (8.3%) 2,443 (7.4%) <0.0001

Nonfatal VTE 27,778 (91%) 33,221 (91.7%) 30,576 (92.6%) <0.0001

Death 54,701 (1.8%) 51,889 (1.6%) 42,076 (1.4%) <0.0001
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2013.21 There was an increased use of low-molecular-weight
heparins, thrombolytic therapy, and surgical embolectomyover
time. It is conceivable that similar trends occurred in the
perioperative population, and that these changes in clinical
management may have contributed to improved outcomes.
Alternatively, improved VTE case fatality may be related to
enhanced diagnostic sensitivity for VTE and identification of
lower risk patients, thereby leading to a selection bias in case
fatality over time.23 Changes in the diagnostic sensitivity of
thoracic imaging may be related to the observed declines in
mortality among patients with perioperative PE, but not peri-

operative DVT. Changing patient’s risk profiles over timemight
also contribute to the observed declines in perioperative VTE
mortality, but these trends persisted even after adjustment for
baseline demographics and relevant comorbidities.

Vena cava filter placement was performed in 24.1% of
patientswith VTEundergoing noncardiac surgery, despite little
data to support the efficacy of filter placement for VTE and
significant inter-hospital variation reported in practice.24–26 In
the present analysis, catheter-directed and systemic thrombo-
lytic therapies were infrequently used in the setting of non-
cardiac surgery. This is likely related to the anticipated risks of

Fig. 1 (A) Trends in rates of perioperative venous thromboembolism from 2005 to 2013. p-Value for trend <0.001. (B) Trends in rates of
perioperative fatal and nonfatal venous thromboembolism over time, from 2005 to 2013. p-Value for trend <0.001.
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surgical site bleeding associatedwith thrombolytic therapies in
this context.

There are several limitations of this analysis. First, the data
are derived from diagnosis and procedure codes recorded in a
large nationwide administrative database of inpatient hospita-
lizations.Asaconsequence,datamaybesubject tobias, errors in
reporting and coding, and the diagnosis of VTE may be under-
reported. As the NIS captures only in-hospital administrative
data, it may underestimate the true incidence of perioperative
VTE, since more than one-third of postoperative VTEs occur
postdischarge.7,27–30Aparticularlyvulnerableperiod is thefirst
month after hospital discharge, when pharmacological throm-
boprophylaxis is often not utilized. Similarly, deaths that
occurred after hospital discharge were not recorded. Further-

more, the NIS database does not include patients undergoing
ambulatoryor same-day surgery, and risks ofVTE in this setting
could not be determined. Second, the present analysis was
limited to adults aged �45, a population enriched for cardio-
vascular events and at the greatest risk for VTE.31 Trends in
perioperative VTE were not determined for younger, low-risk
patientgroups. Third, dataon in-hospital anddischargemedical
managementwere not available from theNIS database, and use
of antiplatelet agents, unfractionated and low-molecular-
weight heparins, vitamin K antagonists, and direct oral antic-
oagulants for VTE prophylaxis and treatment could not be
determined. The absence of data on rates of VTE prophylaxis
during the study period limits the interpretation of VTE trends.
Similarly, bleeding complications associated with VTE

Fig. 2 Frequency of perioperative venous thromboembolism by type of major noncardiac surgery.

Fig. 3 In-hospital mortality trends among patients with perioperative venous thromboembolism. p-Value for trend <0.001.
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prophylaxis andtreatmentcouldnotbedetermined. Fourth, the
sequence of surgery preceding VTE cannot be definitively
established in this administrative database. However, patients
with primary procedure codes for surgeries intended to treat
VTE, such as venous thrombectomy and embolectomy, were
excluded from the analysis. Furthermore, patients would be
unlikely to undergo major nonvascular, noncardiac surgery in
the setting of a known acute DVT or PE in most cases.

In conclusion, this is the largest analysis of in-hospital
perioperative VTE in patients undergoing major noncardiac

surgery in the United States. Perioperative VTE occurred in
approximately 1% of patients undergoing major noncardiac
surgery, with an increasing incidence over time. In-hospital
mortality was significantly higher among patients with
perioperative VTE in comparison to those without VTE.
Overall perioperative VTE case fatality rates declined be-
tween 2005 and 2013, with significant decreases observed
among patients with perioperative PE, but not DVT. Addi-
tional measures to prevent and improve management of
perioperative VTE are warranted.

Fig. 4 Adjustedodds ratio (OR) for in-hospitalmortality associatedwithvenous thromboembolism (A), deepvein thrombosis (B), andpulmonaryembolism
(C) after noncardiac surgery, according to year. Models were adjusted for patient demographic characteristics, cardiovascular risk factors, and surgical type.
Adjusted ORs are calculated with 2005 as the reference year. Bars represent 95% confidence intervals.
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