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Increased Risk of Postoperative Deep Vein
Thrombosis and Pulmonary Embolism in Patients
With Inflammatory Bowel Disease

A Study of National Surgical Quality Improvement Program Patients

Andrea Merrill, MD; Frederick Millham, MD

Hypothesis: Patients with inflammatory bowel disease
(IBD) undergoing surgery are at increased risk for post-
operative thromboembolism, including deep vein throm-
bosis (DVT), pulmonary embolism (PE), myocardial in-
farction, and stroke.

Design: Retrospective cohort study.

Setting: Two hundred eleven hospitals participating in
the American College of Surgeons National Surgical Qual-
ity Improvement Program.

Patients: All 271 368 patients from the National Sur-
gical Quality Improvement Program 2008 Participant Use
Data File were examined, and 2249 patients with IBD were
compared with 269 119 patients without IBD.

MainOutcomeMeasures:OccurrenceofDVT,PE,myo-
cardial infarction, or stroke within 30 days of surgery.

Results: Of 268 703 National Surgical Quality Improve-
ment Program patients, 2249 (0.8%) had IBD. There were
2665 cases of DVT or PE (1.0%). Occurrence of DVT or

PE was more common in patients with IBD (2.5%) overall
(P� .001). Nonintestinal surgical cases had a higher rate
of DVT or PE (5.0%; P=.002). Regression analysis, con-
trolling for confounders, confirmed that IBD was associ-
ated with increased risk for DVT or PE (odds ratio=2.03;
95% CI, 1.52-2.70). For nonintestinal surgery, risk of DVT
or PE for patients with IBD was increased (odds ra-
tio=4.45; 95% CI, 1.72-11.49). Inflammatory bowel dis-
ease had no effect on risk of postoperative myocardial in-
farction or stroke.

Conclusions: Patients with IBD are at increased risk for
developing postoperative DVT or PE. This risk persists
when potential confounding variables are controlled for.
Risk of DVT or PE appears to be even higher for patients
with IBD who are having nonintestinal surgery. Cardiac
and stroke risks do not appear to be increased by IBD.
Perhaps standards for DVT and PE prophylaxis in these
cases should be reconsidered.
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P ATIENTS WITH INFLAMMATORY

bowel disease (IBD) are at in-
creased risk for thromboem-
bolic events, especially deep
vein thrombosis (DVT) and

pulmonaryembolism(PE).Thisassociation
was first described in 1936 by Bargen and

Barker,1 who described 18 patients with
thromboembolicdisease(predominantlyve-
nous) inmorethan1000patients treatedfor
IBDatMayoClinic.Recentpublicationssug-

gestthatpatientswithIBDhaveincreasedrisk
of venous thromboembolism varying from
as low as 1.5 times that of nonaffected pa-
tients2,3 toashighas4.7-foldforpatientswith
Crohndisease inapopulation-basedcohort
study.4Moreover,patientswithIBDwhohave
PEappeartohaveincreasedriskofdeathcom-
paredwithothers.2,5 Despite these findings,
standardDVTandPEprophylaxisguidelines
donotrecommendenhancedprophylaxisfor
patientswithIBD.6-8 Recentdatasuggest that
patients with IBD who require surgery are
at very high risk for DVT. Scarpa et al9 have
reported that, compared with patients with
cancerundergoingcolonresections,patients
withulcerativecolitishaveanoddsratio(OR)
of 7.4 for having postoperative DVT.

We wondered whether patients with IBD
undergoing surgery in the American Col-
lege of Surgeons National Surgical Quality
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Improvement Program (NSQIP) member hospitals had a
similar risk of DVT or PE. The NSQIP collected data from
more than 170 hospitals in 2008. These data were gath-
ered by specifically trained nurses working from a rigor-
ously defined and validated data definition dictionary. The
purpose of the NSQIP is to provide risk-adjusted clinical
outcomes data to participating hospitals. The NSQIP Par-
ticipant Use Data File (PUF) is a deidentified research da-
tabase available to NSQIP participants. As such, the NSQIP
PUF data set presents an opportunity to examine the re-
lationship of DVT and PE with IBD in a large group of pa-
tients for whom data on comorbid conditions and other
potential confounding variables are available and well de-
fined. Furthermore, hospitals participating in the NSQIP,
having invested in quality improvement, might be ex-
pected to treat patients with best practices, at least with re-
spect to DVT prophylaxis. This would therefore reduce the
opportunity for treatment bias between centers. Because
there may be a bias toward patients with complicated acute
inflammatory conditions in the IBD group, we also won-
dered whether patients who have surgery on nonintesti-
nal sites would have a risk of DVT or PE different from that
of patients undergoing small- and/or large-bowel proce-
dures.

METHODS

DATA ACQUISITION AND PATIENT SELECTION

We used the NSQIP PUF for 2008 to evaluate rates of DVT and
PE in surgical patients with and without IBD. The NSQIP 2008
PUF contains complete records on 271 368 procedures or ad-

missions. This database collects data from more than 200 par-
ticipating hospitals around the country and includes 136 vari-
ables describing patient characteristics, historical features,
process variables, and outcomes gathered retrospectively by spe-
cifically trained nurse reviewers. Permission to use this data
set for research purposes was granted by the NSQIP. The New-
ton Wellesley Hospital Human Research Investigation Com-
mittee also approved of this work.

PREOPERATIVE VARIABLES

We dichotomized patient demographic characteristics, his-
tory, and preoperative laboratory data, taking care to indicate
missing variables where appropriate. Crohn disease was de-
fined as present in any case where the postoperative diagnosis
field, “podiag,” contained International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) codes
555-555.9 (regional enteritis). Ulcerative colitis was defined as
present in any case where the podiag field contained ICD-
9-CM codes 556-556.9 (ulcerative colitis). Table 1 lists the
ICD-9-CM codes defining the inclusion criteria for these dis-
eases and the frequencies of each code in the database. Inflam-
matory bowel disease was defined as any case meeting criteria
for either Crohn disease or ulcerative colitis. Intestinal sur-
gery was defined as being present in any record with a prin-
ciple procedure Current Procedural Terminology code indicat-
ing surgery on the small or large bowel. Table 2 lists Current
Procedural Terminology codes defining intestinal surgery.

OUTCOMES

The NSQIP variables are rigorously defined using a standard-
ized dictionary. Data are abstracted by specifically trained nurses
whose performance is subject to yearly validation. The NSQIP
dictionary definitions of these occurrences are listed in the eAp-
pendix (http://www.archsurg.com). We defined DVT as any rec-
ord with a value greater than 0 recorded in the “nothdvt” field.
Similarly, PE was defined as value greater than 0 in the “npul-
embol” field, myocardial infarction (MI) as a value greater than
0 in the “ncdmi” field, and stroke as a value greater than 0 in
the “ncnscva” field. Because DVT and PE are thought to rep-
resent different manifestations of the same process, the spon-
taneous formation of thrombus in the central veins and the mi-
gration of such thrombi centrally, we created a composite
variable to identify any patient who had either DVT or PE. Simi-
larly, because MI and cerebrovascular accident may represent
spontaneous arterial thrombosis and migration of thrombi, we
created a composite variable to identify patients who had either
an MI or a stroke. Death was defined as having occurred in any

Table 1. Definition of Inflammatory Bowel Disease

ICD-9-CM Code
in “Podiag” Field Definition

Patients, No. %
(n = 2249)

555 Regional enteritis 36 (1.6)
555.0 Regional enteritis of small

intestine
284 (12.6)

555.1 Regional enteritis of large
intestine

238 (10.6)

555.2 Regional enteritis of small
intestine with large intestine

225 (10.0)

555.9 Regional enteritis, unspecified
site

363 (16.1)

556 Ulcerative colitis 40 (1.8)
556.0 Ulcerative colitis, (chronic)

enterocolitis
30 (1.3)

556.1 Ulcerative colitis, (chronic)
ileocolitis

24 (1.1)

556.2 Ulcerative colitis, (chronic)
proctitis

55 (2.4)

556.4 Ulcerative colitis,
pseudopolyposis of colon

8 (0.4)

556.5 Ulcerative colitis, left-sided
ulcerative colitis

47 (2.1)

556.6 Ulcerative colitis, universal
colitis

244 (10.8)

556.8 Ulcerative colitis, other
ulcerative colitis

101 (4.5)

556.9 Ulcerative colitis, unspecified 520 (23.1)

Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth
Revision, Clinical Modification.

Table 2. Definition of Intestinal Surgery

CPT Codes Definition
Patients, No.a

(n = 84 539)

44005-44160 Incision or excision of small or
large bowel

40 900

44180-44238 Laparoscopic procedure, small
or large bowel

20 128

44300-44346 Formation of stomas 50
44602-44680 Closure, plication, or

stricturoplasty
507

44900-44979 Surgery on appendix 22 465
45000-45999 Surgery on rectum 489

Abbreviation: CPT, Current Procedural Terminology.
aA total of 2149 patients with inflammatory bowel disease had intestinal

surgery.
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patient whose record had the date 2008 in the “yrdeath field.”
By NSQIP definition, this designation includes patients who
died in the hospital or within 30 days of surgery.

STATISTICAL ANALYSIS

We tested for variables associated with DVT or PE among all of
the variables in the NSQIP data set using univariate methods: �2

test for categorical variables and t test for continuous variables.
These findings then informed the construction of a number of
logistic regression models. Final models were those with the most

parsimonious use of covariates and the greatest explanatory power.
All analysis was performed in Stata version 10.1 statistical soft-
ware (StataCorp LP, College Station, Texas).

RESULTS

The NSQIP 2008 PUF database included 271 368 patients
whounderwentsurgery.Characteristicsofpatientswithand
without IBDare showninTable3. Patientswithandwith-
out IBD differed in many ways. There were 2249 patients
(0.8%) identified as having a diagnosis of IBD, 57 of whom
(2.5%)hadDVTorPE,comparedwith1.0%ofpatientswith-
out IBD (P� .001). A total of 1164 patients (0.4%) without
IBD and 9 patients (0.4%) with IBD had a cerebrovascular
accident or MI (P=.68). Patients with IBD were more com-
monlymaleandwhiteorHispanicthanpatientswithoutIBD
(P� .001).Patientswith IBDwereyounger,hadonaverage
more relative value units per procedure, and had a longer
averagelengthofstay.PatientswithIBDwerelesscommonly
admittedfromhome,weresmokers,orwereobese(P�.001).
More than36%ofpatientswith IBDhadusedsteroidscom-
pared with fewer than 3% of patients without a diagnosis
of IBD (P� .001). Patients with IBD were less likely to un-
dergosurgeryasoutpatientsoremergencies (P� .001)and
more likely to have American Society of Anesthesiologists
scoresof1or2(P� .001),but theyweremore likely tohave
an elevated white blood cell count, have an organ space in-
fection, sepsis,orsepticshock,or todehisce their fascialclo-
sure(P�.001).However, theyhadlowerpostoperativemor-
tality rates (P=.04).

Of the multivariate logistic regression models con-
structed to try to account for these various confounding
factors, the most efficient is shown in Table4. This model
includes all variables available in the NSQIP that add to
the power to predict DVT or PE. When these numerous
confounders are controlled for, IBD remains a signifi-
cant predictor of DVT or PE (OR=2.03; 95% CI, 1.52-
2.70). In fact, only a history of brain tumor or postop-
erative neurologic deficit have a higher OR in this model.
Mortality occurred in 224 of 2608 patients without IBD
who had DVT or PE (8.6%) and 5 of 57 patients without
IBD who had DVT or PE (8.8%) (P� .99).

When patients with procedures on the small and large
bowel were excluded, 100 patients with IBD remained.
Of these, 5 (5.0%) had DVT or PE compared with 1778
cases of DVT or PE among 213 402 patients without IBD
(0.8%) (P= .002). When a regression model is con-
structed for this subset of patients undergoing nonintes-
tinal procedures, the patients with IBD are found to have
a 4.45-fold increased risk of DVT or PE (P=.002) com-
pared with patients without IBD.

We repeated the modeling exercise for the compos-
ite outcome of perioperative MI and stroke. This analy-
sis revealed no association between IBD and this out-
come or its individual components.

COMMENT

An increased risk of DVT and PE in patients with IBD
has been evident for the past 75 years. Most work in this
area has not looked specifically at patients undergoing

Table 3. Characteristics of National Surgical Quality
Improvement Program Patients With and Without
Inflammatory Bowel Disease

Characteristic

Patients, No. (%)

P
Valuea

Non-IBD
(n = 269 119)

IBD
(n = 2249)

DVT or PE 2608 (1.0) 57 (2.5) �.001
Male 114 909 (42.7) 1122 (49.9) �.001
Race/ethnicity

White 206 511 (76.7) 1898 (84.4) �.001
African American 26 915 (10.0) 133 (5.9) �.001
Hispanic 2603 (1.0) 46 (2.0) �.001

Admitted from home 260 178 (96.7) 2146 (95.4) .002
Smoker 55 928 (20.8) 420 (18.7) .01
BMI �30 104 119 (38.7) 444 (19.7) �.001
Steroid use 7205 (2.7) 821 (36.5) �.001
History

Any dyspnea 30 353 (11.3) 122 (5.4) �.001
Chemotherapy 2795 (1.0) 5 (0.2) �.001
Metastatic cancer 5250 (2.0) 6 (0.3) �.001
Brain tumor 515 (0.2) 3 (0.1) .81

Weight loss 5920 (2.2) 214 (9.5) �.001
Operation within last 30 d 7958 (3.0) 35 (1.6) �.001
Outpatient surgery 92 822 (34.5) 55 (2.4) �.001
Emergency surgery 34 176 (12.7) 147 (6.5) �.001
ASA score of 1 or 2 147 296 (54.7) 1531 (68.1) �.001
WBC count �12 000/µL 30 742 (11.4) 318 (14.1) �.001
Postoperative organ space

infection
3281 (1.2) 148 (6.6) �.001

Postoperative sepsis 5155 (1.9) 140 (6.2) �.001
Postoperative septic shock 3179 (1.2) 46 (2.0) �.001
Dehiscence 1586 (0.6) 32 (1.4) �.001
Failure to wean from

ventilator
6141 (2.3) 60 (2.7) .23

Postoperative reintubation 3644 (1.4) 33 (1.5) .65
Postoperative neurologic

deficit
175 (0.1) 3 (0.1) .18

Postoperative CVA or MI 1164 (0.4) 9 (0.4) .68
Postoperative cardiac arrest 1156 (0.4) 7 (0.3) .52
Postoperative urinary tract

infection
4329 (1.6) 77 (3.4) �.001

Death 4608 (1.7) 26 (1.2) .04
Age, mean (SEM), y 55.5 (0.03) 43.3 (0.33) �.001
Total work RVUs, mean

(SEM)
16.0 (0.02) 25.9 (0.17) �.001

Total LOS, mean (SEM), d 4.4 (0.02) 9.1 (0.21) �.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
CVA, cerebrovascular accident; DVT, deep vein thrombosis; IBD, inflammatory
bowel disease; LOS, length of stay; MI, myocardial infarction; PE, pulmonary
embolism; RVUs, relative value units; WBC, white blood cell.

SI conversion factor: To convert WBC count to �109 per liter, multiply by
0.001.

aThe P values for categorical variables are from Fisher exact test; the P
values for continuous variables are from 2-sided t test.
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surgery. Patients with IBD frequently require surgical in-
tervention, and an understanding of their risk of venous
thromboembolism is therefore an important issue. This
study aimed to examine rates of DVT and PE in patients
with IBD undergoing surgery using data from the NSQIP.

Our findings are consistent with others in this area.
We found that IBD increases the risk of perioperative DVT
or PE 2-fold (OR=2.03; 95% CI, 1.52-2.70). Bernstein
and Nabalamba3 found that in patients hospitalized in
Canada, IBD resulted in a DVT relative risk of 1.32 to
1.53, depending on age group. Using a survey method,
Miehsler et al10 found that 6.2% of patients with IBD re-
ported an episode of thromboembolism, resulting in an
OR of 3.6 (95% CI, 1.7-7.8). Most recently, using data
from the National Inpatient Sample, Nguyen and Sam11

found that hospitalized patients with IBD had an OR for
DVT or PE of 2.5 (95% CI, 1.83-3.43).

The only previous study to examine perioperative DVT,
a report of the 7-year experience of a single institution
where patients with ulcerative colitis and colorectal can-
cer both received low-molecular-weight heparin at a dos-
age of 4000 IU/d, found that patients with ulcerative coli-
tis had an OR of 7.4 (95% CI, 1.14-44.4) for experiencing
DVT.9 The broad CIs in this relatively small study sug-
gest that the statistical model may be unstable. Yet, the
result comports well with our findings.

We find no support for the claim that DVT or PE in
the setting of IBD is more lethal than DVT or PE occur-
ring in the absence of IBD as has been described by Nguyen
and Sam11 and Murthy and Nguyen.2

Arterial thromboembolic events are also reported to
be increased in patients with IBD.12 We found no sup-
port for this conclusion in our data. In this case, we may
have been limited by the lack of data on arterial throm-
botic events not involving the coronary or cerebral ves-
sels. It may be that if arterial thromboembolism were a
reported NSQIP complication, such a relationship would
appear.

This increased risk of DVT or PE in patients with IBD
has been shown to be an extraintestinal manifestation spe-
cific to IBD and not solely due to the inflammatory state
of the disease. Miehsler et al10 compared the risk of throm-
boembolism in patients with IBD, celiac disease, and rheu-
matoid arthritis and control subjects. While they found
an association between increased frequency of throm-
boembolic events and IBD, there was no such associa-
tion in patients with the inflammatory conditions of ce-
liac disease or rheumatoid arthritis.

Many theories have been proposed to explain this ex-
traintestinal manifestation of IBD. Factors implicated in the
pathogenesis of thromboembolism in patients with IBD in-
clude platelet hyperactivation mediated by the CD40-
CD40 ligand pathway, hyperhomocysteinemia (second-
ary to malabsorption and medications), increased
coagulation factors, and impaired fibrinolysis.13-17 Further-
more, studies have even shown a paradoxical improve-
ment in symptoms of inpatients with ulcerative colitis
treated with heparin.18,19

There are important strengths and weaknesses associ-
ated with using the NSQIP PUF data set for outcomes re-
search. Among the weaknesses, perhaps the most impor-
tant is that the NSQIP was designed to compare overall

outcomes across many hospitals. It was not designed to an-
swer specific research questions regarding specific dis-
eases or procedures. The NSQIP is a database of opera-
tions where postoperative diagnosis is cataloged, but most
other diagnoses are not specifically recorded. In this study,
it is possible that some patients with IBD for whom this
was not the principle postoperative diagnosis may have been
missed, therefore introducing a classification bias.

Second, because this is a database of operations and
not of individual patients, it is possible that particular
patients who had multiple admissions during 2008 may
be captured more than once in the data set. Presumably
the size of the data set would minimize the effect of mul-
tiple admissions, but where IBD was a relatively rare di-
agnosis and the fact that it often requires multiple hos-

Table 4. Factors Associated With Deep Vein Thrombosis
or Pulmonary Embolism in the National Surgical Quality
Improvement Programa

Factor OR (95% CI) P Value

Demographic variable
Male 1.14 (1.05-1.23) .002
African American 1.09 (0.96-1.24) .17
Hispanic 0.75 (0.61-0.93) .007
Admitted from home 0.79 (0.69-0.90) �.001
Smoker 0.86 (0.78-0.95) .004
BMI�30 1.19 (1.09-1.29) �.001
Ageb 1.02 (1.01-1.02) �.001

Medical history
Brain tumor 3.06 (2.07-4.52) �.001
Steroid use 1.38 (1.18-1.60) �.001
Any dyspnea 1.11 (1.01-1.23) .03
Chemotherapy 1.81 (1.42-2.31) �.001
Metastatic cancer 1.33 (1.10-1.60) .003
Weight loss 1.35 (1.15-1.59) �.001
Operation within last 30 d 1.28 (1.10-1.48) .001

Clinical factor
IBD 2.03 (1.52-2.70) �.001
Outpatient procedure 0.29 (0.24-0.34) �.001
Total LOSb 1.01 (1.01-1.02) �.001
Emergency surgery 1.26 (1.13-1.40) �.001
Total work RVUsb 1.02 (1.02-1.02) �.001
ASA score of 1 or 2 0.76 (0.68-0.84) �.001
WBC count �12 000/µL 1.24 (1.12-1.38) �.001
Postoperative organ space

infection
1.52 (1.28-1.80) �.001

Postoperative sepsis 2.04 (1.78-2.34) �.001
Postoperative septic shock 1.58 (1.35-1.86) �.001
Dehiscence 1.42 (1.12-1.80) .004
Failure to wean from ventilator 1.91 (1.66-2.20) �.001
Postoperative reintubation 1.57 (1.34-1.84) �.001
Postoperative neurologic deficit 2.71 (1.27-5.81) .01
Postoperative CVA 1.98 (1.47-2.66) �.001
Postoperative MI 1.51 (0.99-2.30) .05
Postoperative cardiac arrest 1.40 (1.10-1.79) .007
Postoperative urinary tract

infection
1.60 (1.36-1.88) �.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
mass index (calculated as weight in kilograms divided by height in meters
squared); CVA, cerebrovascular accident; IBD, inflammatory bowel disease;
LOS, length of stay; MI, myocardial infarction; OR, odds ratio; RVUs, relative
value units; WBC, white blood cell.

SI conversion factor: To convert WBC count to �109 per liter, multiply by
0.001.

aModel R 2 = 0.1426.
bContinuous variables.
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pitalizations may create an opportunity for sample bias
toward sicker patients with IBD.

There are a number of strengths in the NSQIP that we
believe outweigh these potential sources of bias. First, these
data are gathered by specifically trained nurses, account-
able to a rigid quality assurance program and working from
a well-defined data dictionary. To our knowledge, no other
data set offers such reliable and well-validated informa-
tion. For an investigation like this one, aiming to test an
association between 2 relatively uncommon problems, only
a prospective multicenter trial enrolling thousands of pa-
tients could approach this question. The NSQIP provides
an economical alternative.

The second advantage to using the NSQIP is that it
not only aggregates data from a large number of centers
but also biases selection toward centers committed to qual-
ity improvement. One may assume that most, if not all,
of the contributing centers are aware of best practices (Sur-
gical Care Improvement Program, for example) and en-
gage in state-of-the-art DVT and PE prophylaxis and de-
tection. No other administrative data set has a bias toward
quality that the NSQIP has.

In conclusion, this study of patients enrolled in the
NSQIP database demonstrates that patients with IBD who
undergo surgery have a 2-fold increased risk of DVT or
PE. In patients with IBD who are having nonintestinal
surgery, this risk may be even higher. These findings sug-
gest that standard DVT and PE prophylaxis should be re-
considered for this patient group.
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INVITED CRITIQUE

Use of National Surgical Quality Improvement
Program Outcomes Data to Change Guidelines

A Sound Idea?

M errill and Millham1 provide compelling data
to associate patients with inflammatory
bowel disease (IBD) with an increased post-

operative risk for deep venous thrombosis (DVT) and
pulmonary embolism. Using National Surgical Quality

Improvement Program (NSQIP) data, the results likely
confirm what many physicians who treat patients with
IBD already believe. Current guidelines from the
American College of Chest Physicians 2008 Confer-
ence on Antithrombotic and Thrombolytic Therapy
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