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Risk Factors for Deep Vein Thrombosis
or Pulmonary Embolus Following Anterior
Cruciate Ligament Reconstruction
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Background: Nearly 350,000 Americans develop a deep venous thromboembolism (DVT) or pulmonary embolism (PE) annually,
and nearly 100,000 Americans die from these events. To date, little research has investigated patient-specific risk factors that
increase the rate of DVT/PE following anterior cruciate ligament reconstruction (ACLR).

Purpose: To determine relevant patient risk factors for the development of DVT/PE following ACLR.

Study Design: Case-control study; Level of evidence, 3.

Methods: All instances of ACLR from 2005 to 2014 within the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) prospective database were analyzed. Both univariate analysis and binary logistic regression
were performed to determine which patient demographics and surgical factors were associated with DVT or PE following surgery.

Results: Of the 9146 patients who underwent ACLR, 46 (0.5%) developed postoperative DVT, 8 (0.1%) developed PE, and 5
(0.05%) developed both. The following variables were associated with the development of DVT or PE on univariate analysis:
increased age, a high tibial osteotomy (HTO) performed at the time of ACLR, microfracture performed, the presence of hyper-
tension requiring medical therapy, and the presence of an active wound infection. Independent predictors of DVT or PE on mul-
tivariate analysis included HTO (odds ratio [OR], 22.7), the presence of an active wound infection (OR, 11.0), or hypertension
requiring medication (OR, 2.2). Meniscal repair was not a risk factor for DVT or PE on univariate or multivariate analysis.

Conclusion: In a review of 9146 patients undergoing ACLR, 46 (0.5%) developed DVT in the 30-day postoperative period.
Increasing age over 30 years, concomitant HTO or microfracture, hypertension requiring medication, and presence of wound
infection were all associated with an increased risk of DVT. The annual incidence of DVT/PE following ACLR reconstruction is low
(<1%) and has not changed over time.
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Venous thromboembolism (VTE), encompassing the two
interrelated entities deep venous thromboembolism (DVT)
and pulmonary embolism (PE), represents a serious postop-
erative complication. It is estimated that at least 350,000
Americans develop DVT or PE annually and nearly
100,000 Americans die due to VTE-related complications
each year.23 Due to the significant morbidity and mortality
associated with VTE, the American Academy of Surgeons
(AAOS) developed specific anticoagulation prophylaxis
guidelines for hip and knee arthroplasty.22 Although these
guidelines do not extend to nonarthroplasty procedures, che-
moprophylaxis is still prescribed routinely for other lower
extremity operations, such as anterior cruciate ligament
reconstruction (ACLR). According to the survey results by
Keller et al,17 50.7% of sports medicine fellowship–trained
surgeons use chemoprophylaxis following ACLR to protect
against the occurrence of VTE; the majority of these sur-
geons use aspirin, with wide variation in both the dose and
duration of treatment.

§Address correspondence to Brett D. Owens, MD, Department of
Orthopaedic Surgery, Brown University, Warren Alpert School of Medi-
cine, 100 Butler Drive, Providence, RI 02906, USA (email: owensbrett@
gmail.com).

*Department of Orthopaedic Surgery, Brown University, Warren Alpert
School of Medicine, Providence, Rhode Island, USA.

†Department of Orthopaedic Surgery, Tufts University School of
Medicine, Boston, Massachusetts, USA.

‡Department of Sports Medicine, Brown University, Alpert School of
Medicine, Providence, Rhode Island, USA.

One or more of the authors has declared the following potential con-
flict of interest or source of funding: S.L.B. received educational funding
from Stryker. B.D.O. has grants/grants pending from the Orthopaedic
Research and Education Foundation and is a paid consultant for Mitek,
ConMed Linvatec, the Musculoskeletal Transplant Foundation, DePuy,
and Sanofi-Aventis.

Ethical approval for this study was obtained from the Miriam Hospital
Institutional Review Board.

The Orthopaedic Journal of Sports Medicine, 6(6), 2325967118781328
DOI: 10.1177/2325967118781328
ª The Author(s) 2018

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For reprints and permission queries, please visit SAGE’s website at
http://www.sagepub.com/journalsPermissions.nav.

mailto:owensbrett@gmail.com
mailto:owensbrett@gmail.com
https://doi.org/10.1177/2325967118781328


ACLR is one of the most common orthopaedic procedures,
with nearly 150,000 such operations performed annually
in the United States.19 Any operation places a patient at
increased risk for VTE, particularly an operation involv-
ing a lower extremity because of the resultant immobility.
Although the literature addresses the incidence of VTE
following ACLR, specific risk factors predisposing a
patient to the development of DVT or PE have not been
documented. Small cohort studies and subsequent system-
atic reviews have described the incidence of VTE following
ACLR as between 0.2% and 14%.8,11,16,27 The variation in
the documented incidence is attributable to the diagnostic
methods used, the heterogeneity of the population, and
the use of chemoprophylaxis. These studies are limited
by their size because of the rarity of thromboembolic
events, and many of these investigations seek out asymp-
tomatic VTE using postoperative screening, which is not
as clinically applicable.

Knowledge of the incidence of VTE following ACLR, as
well as classification of patient-specific risk factors,
allows surgeons to evaluate their patients’ coagulopathic
risk and could facilitate the development of a formal pro-
phylactic anticoagulation protocol for nonarthroplasty
procedures. The purpose of this study was to describe the
incidence of symptomatic VTE following ACLR and to
determine specific characteristics that may predispose a
patient to the development of DVT or PE; to this end, we
used the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) database. In
particular, we hypothesized that older age and the pres-
ence of procedures that limit postoperative weightbearing
at the same time as ACLR would lead to an increased rate
of VTE.

METHODS

Source Data

To study risk factors for DVT or PE following ACLR, we
used the ACS NSQIP database. This database is a high-
quality, prospectively collected surgical database encom-
passing approximately 750 medical centers during the
period from January 2005 to December 2014. To maintain
database quality, hospitals are excluded from ACS NSQIP
if their interobserver disagreement rate between clinical
reviewers is greater than 5% or if their 30-day follow-up
rate is less than 80%. This database provides a highly accu-
rate source of postoperative admission data, patient demo-
graphics, and medical comorbidities and has been validated
for a large number of orthopaedic procedures to date,
including ACLR.

Data Collection

All cases from January 2005 to December 2014 with the
isolated Current Procedural Terminology (CPT) code
29888 (“Arthroscopically aided anterior cruciate ligament
repair/augmentation or reconstruction”) were included.
Additionally, the following CPT codes were included if

occurring simultaneously with ACLR: high tibial osteotomy
(HTO) (27457), medial or lateral meniscal repair (29882,
29883), or microfracture (29879). No CPT codes were
excluded. A number of patient demographic variables were
collected, including age, sex, race, body mass index (BMI),
smoking status, operative time, type of anesthesia used
during surgery (epidural, general or monitored anesthesia
care, and regional blockade), and American Society of
Anesthesiologists (ASA) class ranging from 1 (healthy
patient) to 4 (potentially life-threatening medical disease).

The primary endpoint assessed was the presence of DVT
or PE (VTE) in the 30-day postoperative period. The
NSQIP database does not specify the nature of the compli-
cation (ie, symptomatic or not symptomatic). Multiple con-
tinuous variables were converted to categorical variables
for the purposes of data analysis, including age (<20,
20-29, 30-39, 40-49, �50 years) and BMI (<18.5,
18.5-24.9, 25-29.9, �30). The following medical comorbid-
ities were included in the NSQIP database but were not
included in the data analysis because they were not pre-
sent in any patients undergoing ACLR: ventilator depen-
dence, current pneumonia, presence of ascites or
esophageal varices, vascular claudication at rest, coma,
central nervous system tumors, disseminated cancer, che-
motherapy, and radiotherapy.

Both univariate and multivariate logistic regressions
were performed to assess for any patient demographic or
surgical variables that represent independent risk factors
for DVT or PE.

Statistical Analysis

Univariate analysis was performed for each individual var-
iable in order to determine which variables to include in the
multivariate analysis. Chi-square testing was used for uni-
variate analysis (Table 1). All variables with a P value less
than .05 were considered significant and ultimately were
included in a binary logistic regression model for DVT or
PE. Binary logistic regression was performed, and the
resulting odds ratios (ORs) with 95% CIs were calculated
for all independent predictors of VTE. Results were consid-
ered statistically significant with a P value lower than the
specified cutoff of .05 (SPSS Statistics v21.0; IBM
Corporation).

RESULTS

Univariate Analysis

Of the 9146 patients who underwent ACLR, 46 (0.5%)
developed a postoperative DVT, 8 (0.1%) developed PE, and
5 (0.05%) developed both. The variables tested in the uni-
variate analysis are shown in Table 1. The annual DVT/PE
rate was below 1% for each year and did not change signif-
icantly over time (P ¼ .807) (Figure 1). DVTs were diag-
nosed on average 8.24 days (SD, 5.45 days) following
surgery, and PEs were diagnosed on average 12.75 days
postoperatively (SD, 6.9 days).
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TABLE 1
Univariate Analysis of Individual Patient Risk Factors for Patients Developing

DVT or PE Following Anterior Cruciate Ligament Reconstructiona

Variable Patients With DVT or PE, % Patients Without DVT or PE, % P Value

Patient demographics
Sex .982

Male 65.3 64.1
Female 34.7 35.9

Age .038
<20 y 0 9.0
20-29 y 28.6 37.6
30-39 y 28.6 26.5
40-49 y 30.6 19.2
�50 y 12.2 7.7

Race .921
White 61.2 58.3
Asian 4.1 4.5
Black 6.1 7.2
Hispanic 2.0 0.8
Native American 0.0 1.1
Unknown 26.6 28.1

Body mass index .628
<18.5 0.0 2.1
18.5-24.9 28.6 32.2
25-29.9 38.8 38.4
�30 32.6 27.3

ASA class .427
1 40.8 54.5
2 53.1 41.4
3 6.1 4.1
4 0.0 0.0

Operative variables
Operation time, min 105.8 102.0 .605
Posterior cruciate ligament reconstruction 0.0 0.5 .626
High tibial osteotomy 2.0 0.1 <.001
Microfracture 6.1 2.4 .045
Meniscal repair 12.2 9.4 .491
Anesthesia .789

Epidural/spinal 6.1 4.2
General/monitored anesthesia care 93.9 95.7
Regional 0.0 0.1

Surgery within 30 days 0.0 0.1 .965

Medical comorbidities
Diabetes 0.0 1.6 .370
Smoker 16.3 18.8 .660
Chronic obstructive pulmonary disease 0.0 0.3 .692
Congestive heart failure 0.0 0.0 .941
Previous percutaneous coronary intervention 0.0 0.2 .940
Previous cardiac surgery 0.0 0.1 .947
Angina 0.0 0.0 .968
Hypertension 18.4 6.9 .002
Previous revascularization 0.0 0.0 .973
Dialysis 0.0 0.0 .992
History of transient ischemic attack 0.0 0.1 .961
Hemiplegia 0.0 0.0 .968
History of stroke 0.0 0.0 .973
Paraplegia 0.0 0.0 .971
Open wound 2.0 0.2 .003
Chronic steroid use 0.0 0.4 .667
Loss of 10 pounds prior to surgery 0.0 0.0 .889
Bleeding disorder 0.0 0.3 .719
Pregnancy 0.0 0.0 .995

aASA, American Society of Anesthesiologists; DVT, deep vein thrombosis; PE, pulmonary embolus.
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Patient Demographics

Age (P¼ .038) was the only patient demographic factor that
was significantly different for the group of patients experi-
encing DVT or PE (age range, 18-65 years). In particular,
the DVT/PE group had a larger proportion of patients older
than 30 years (71.4% vs 53.4% for no DVT/PE). BMI was not
significantly different for the VTE group (P ¼ .628).

Operative Variables

With regard to operative variables, the patients who devel-
oped DVT or PE were more likely to undergo HTO (2.0% vs
0.1%, P < .001) or microfracture (6.1% vs 2.4%, P ¼ .045) at
the time of ACLR. Meniscal repair did not significantly
affect the development of DVT or PE (P ¼ .491).

Medical Comorbidities

The medical comorbidities that were more common in the
DVT/PE group included hypertension requiring medication
(18.4% vs 6.9%, P ¼ .002) and the presence of an open
wound infection (2.0% vs 0.2%, P ¼ .003) (Table 1).

Multivariate Analysis

Binary logistic regression revealed multiple independent
predictors of VTE following ACLR (Table 2). The variable
with the highest ORs for DVT/PE was HTO (OR, 22.7; 95%
CI, 2.7-200.0; P ¼ .004) at the time of ACLR. Other

significant independent predictors for DVT/PE included
active wound infection (OR, 11.0; 95% CI, 1.4-83.3; P ¼
.023) and hypertension requiring medication (OR, 2.2;
95% CI, 1.1-4.8; P ¼ .049).

DISCUSSION

Our study found that of 9146 patients undergoing ACLR,
46 (0.5%) developed DVT in the 30-day postoperative
period. While this is a relatively small number, it means
that on average, a surgeon performing 200 ACLRs per year
will encounter 1 DVT per year, a very important finding
given the lack of a standardized recommendation for DVT
prophylaxis following ACLR. Also, given the variability in
patient demographics and risk factors, it may be difficult to
determine the true number of DVTs in ACLR patients. The
annual fluctuation of VTE found in this study is likely a
result of the relative rarity of these events. Cullison et al5

Figure 1. Annual rate of deep venous thromboembolism (DVT) or pulmonary embolism (PE) following anterior cruciate ligament
reconstruction.

TABLE 2
Independent Risk Factors for Deep Vein Thrombosis or

Pulmonary Embolus Following Anterior Cruciate
Ligament Reconstruction in Multivariate Analysis

Patient Variable Odds Ratio (95% CI) P

High tibial osteotomy 22.7 (2.7-200.0) .004
Active wound infection 11.0 (1.4-83.3) .023
Hypertension requiring medication 2.2 (1.1-4.8) .049
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used ultrasonography to assess ACLR patients on postoper-
ative days 2 and 3 for DVT. Only 1 patient out of 67 (1.5%)
was found to have DVT, which led the authors to recommend
against routine DVT prophylaxis following ACLR. Ye et al27

retrospectively reviewed 171 patients who had undergone
arthroscopic ACLR treated without anti-inflammatories or
anticoagulants who underwent venous contrast examination
on postoperative day 3; the average patient age was 30.1
years. The authors reported that DVT was found in 24
patients (14%) and that the only risk factor for DVT was age
beyond 35 years. This led the authors to recommend DVT
prophylaxis in patients older than 35 years.

Our study similarly found that increased age was a risk
factor for development of DVT; however, we found the age
cutoff to occur at 30 years. Jameson et al15 examined the
90-day complication rates of 13,941 primary ACLRs per-
formed in England from 2008 and 2010; these authors
found the DVT and PE rates to be 0.30% and 0.18%, respec-
tively. Unfortunately, the authors did not assess for patient
factors contributing to DVT and did not make any recom-
mendations with regard to prophylaxis. However, that
investigation serves as a large descriptive study of the rate
of DVT following ACLR, similar to ours.

Our study found that concomitant procedures, specifi-
cally HTO and microfracture, significantly increased the
rate of DVT following ACLR. This seems intuitive, as these
procedures add to the operative time and may lead to
altered weightbearing status postoperatively, which can
increase the risk for venous stasis and VTE. Erickson
et al9 recently reviewed the rates of DVT and PE following
HTO, distal femoral osteotomy, and tibial tubercle osteot-
omy. A low rate of DVT (1.4%; 2/142) was found with these
individual procedures; however, this was a relatively small
study of DVT rates. Turner et al25 found that there may be
a large difference in clinically diagnosed DVT versus
DVT diagnosed by ultrasonography following HTO. In
84 patients, 15% had a clinical diagnosis of DVT while veno-
graphy demonstrated DVT in 41% of patients postopera-
tively. While these studies disagree regarding the rate of
DVT following HTO, the fact that our study showed a sta-
tistically significant increase in the risk of DVT when HTO
was performed with ACLR warrants consideration regard-
ing the use of DVT prophylaxis in these patients. Interest-
ingly, meniscal repair did not significantly affect the rate of
DVT, potentially indicating that weightbearing status
alone was not responsible for the increased DVT risk,
although weightbearing in full extension may be increas-
ingly used by surgeons.

Last, our study found that several medical comorbidities
were correlated with risk of DVT formation. Open wound
infection and the presence of hypertension requiring med-
ication were both significant for DVT and increased its
risk. This is important because Americans have a high
rate of hypertension, and this rate increases with age.
Lacruz et al18 found that 23% of men between 45 and 55
years of age take antihypertensive medications. Obvi-
ously, this is older than the typical ACLR patient. The
Centers for Disease Control and Prevention4 reported a
29.1% prevalence of hypertension in adults over 18 years
and a 7.3% prevalence in the 18- to 39-year age group.

Hypertension may contribute to the endothelial damage
needed to propagate clot formation. Huang et al14 recently
performed a meta-analysis to examine the correlation
between hypertension and DVT following orthopaedic sur-
gery. A total of 16 articles with 68,955 males and 53,057
females were analyzed, and the authors found that hyper-
tension was associated with DVT with an OR of 2.89. This
finding shows that the likelihood of an ACLR patient hav-
ing hypertension is high and should be considered in the
decision to use prophylaxis against VTE. Unfortunately,
because the NSQIP database does not include several vari-
ables that may affect the risk of VTE (eg, altitude, oral
contraceptives, tourniquet time), our list of medical comor-
bidities discussed here is not all-encompassing.

The American College of Chest Physicians currently
recommends against DVT prophylaxis after arthroscopic sur-
gery and recommends early mobilization instead.10 When
considering prophylaxis, the Warfarin and Aspirin (WAR-
FASA) study found a 40% risk reduction in DVT formation
with aspirin in a group of patients who were previously
receiving warfarin, showing that aspirin is an effective
method of DVT prophylaxis.1 This trial was performed in
all-comers who had one instance of a previously treated,
unprovoked DVT. Similarly, the Aspirin to Prevent Recur-
rent Venous Thromboembolism (ASPIRE) study (a trial per-
formed among all-comers with one instance of unprovoked
DVT) found that aspirin use for DVT prevention reduces the
secondarycompositeoutcomeof major vascularevents follow-
ing DVT by 34%, without increasing bleeding, which resulted
in a significant net clinical benefit.3

While an argument could be made against routine DVT
prophylaxis in young, healthy ACLR patients, our study
showed a significantly increased rate of DVT in patients over
30 years old, those with hypertension requiring medication,
and those undergoing concomitant HTO, microfracture, or
other procedures that entail delayed weightbearing. Never-
theless, it is imperative that surgical providers weigh the
major risks of routine DVT prophylaxis such as aspirin
(stomach ulceration, gastrointestinal bleeding, bleeding)
and low-molecular-weight heparin (bleeding, heparin-
induced thrombocytopenia) prior to instituting it on a rou-
tine basis. While these complications may be rare, they
cannot be completely prevented in a busy surgical practice.
This would lead us to recommend consideration of DVT pro-
phylaxis in these high-risk groups until full weightbearing is
achieved. Unfortunately, because the NSQIP database does
not document which, if any, types of DVT prophylaxis
patients receive, we cannot make causal inferences regard-
ing the prevention of VTE following ACLR, as it is impossible
to know whether use of chemoprophylaxis decreased rates of
VTE in this study. Furthermore, the growing trend among
surgeons in the United States to use chemoprophylaxis fol-
lowing routine ACLR may have contributed to the small
number of instances of VTE seen in this study.

Limitations

This study had several limitations, most of which are
related to the inherent limitations of the NSQIP database
itself. The data are limited by the time frame of data

The Orthopaedic Journal of Sports Medicine Risk Factors for VTE After ACLR 5



collection and the 30-day immediate postoperative period,
and the database does not include long-term outcomes.
Despite the large number of institutions captured by the
NSQIP database, procedures performed in independent
surgery centers are not included in this study, so our
results may not be fully representative of all arthroscopic
ACLR procedures performed. The patients in NSQIP poten-
tially could be older, could have more significant mechan-
isms leading to multiligamentous injury, or could have
more comorbidities than the patient population repre-
sented at surgery centers, which could confound data. Addi-
tionally, orthopaedic-specific data are not included in the
database, such as the type of graft used, the surgeon’s use of
and preference for DVT prophylaxis, postoperative therapy
protocols, and outcome measures specific to arthroscopic
ACLR. To that effect, it was unknown how many patients
in the database underwent postoperative VTE chemopro-
phylaxis. Furthermore, we cannot comment on the method
of diagnosis of VTE (ie, clinical vs subclinical), as this is not
specified in the NSQIP database. In addition, we were
unable to determine surgeon experience or hospital volume
for arthroscopic ACLR. Despite this, the NSQIP allowed us
to determine the incidence of and risk factors for DVT and
PE following arthroscopic ACLR, which are not well
recorded in the literature to date. The literature has shown
the NSQIP to be a high-quality database to study peri-
operative complications.2,6,7,12,13,20,21,24,26

CONCLUSION

In a review of 9146 patients undergoing ACLR, 46 (0.5%)
developed DVT in the 30-day postoperative period. Age over
30 years, concomitant HTO or microfracture, hypertension
requiring medication, and presence of wound infection were
associated with an increased risk of VTE. Considering
these findings, we recommend the use of VTE prophylaxis
in these high-risk patient populations.
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