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Purpose: To evaluate the venous thromboembolism (VTE) prophylaxis practices of surgeons performing anterior cruciate
ligament reconstruction (ACLR) in female patients using hormonal contraceptives. Methods: Our research team
designed an investigational survey using branching logic that was made available to the AANA membership. The survey
was designed to identify clinical decision making regarding VTE prophylaxis after ACLR in patients without risk factors for
VTE, the counseling of patients about VTE risk associated with hormonal contraceptives, and the use of VTE prophylaxis
after ACLR in patients taking hormonal contraceptives. Results: Ninety-four respondents completed the survey. Eighty-
nine respondents identified their gender (63% male and 37% female respondents). Respondents reported performing the
following number of ACLRs annually: more than 50 (40%), 30 to 50 (29%), 15 to 30 (29%), and fewer than 15 (2%). Of
the respondents, 62 (67%) reported that VTE developed after ACLR in their patients (male patients only, 32%; female
patients only, 24%; and both male and female patients, 34%). Sixty-seven percent used chemoprophylaxis after ACLR.
Surgeons who asked about hormonal contraceptive use were more likely to be women (P ¼ .01; odds ratio [OR], 4.2).
Surgeons who changed their VTE prophylaxis plan as a result of asking about hormonal contraceptive use were more
likely to be women (P ¼ .02; OR, 2.8). Surgeons who asked about hormonal contraceptive use were more likely to have
female patients with VTE after ACLR (P ¼ .03; OR, 2.9). Surgeons who changed their VTE prophylaxis plan as a result of
asking about hormonal contraceptive use were more likely to have female patients with VTE after ACLR (P ¼ .001; OR,
4.6). Conclusions: There is no standard of care for VTE prophylaxis after ACLR. A surgeon’s own gender and prior
clinical experience with VTE after ACLR may influence his or her likelihood to consider a patient’s hormonal contra-
ceptive use regarding VTE risk after ACLR. Clinical Relevance: The use of hormonal contraception is a risk factor for
VTE in female patients undergoing ACLR. It is important to identify current practice patterns and the need for a standard
of care.
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prophylaxis, if any. Rates of deep vein thrombosis
(DVT) and pulmonary embolism (PE) have been re-
ported to range from 0.25% to 1.03% and from 0.05%
to 0.19%, respectively.4-9 The use of VTE prophylaxis
after ACLR also varies because the literature has not
clearly supported the routine use of chemoprophylaxis
postoperatively. Comprehensive clinical guidance to
help surgeons decide when such prophylaxis may be
beneficial, particularly in patients at increased risk, is
needed.10-12

Recent evidence has suggested a possible protective
association between the use of hormonal contraceptives
and anterior cruciate ligament injury as well as reinjury
after reconstruction.13-15 On the other hand, the use of
hormonal contraceptives is a known risk factor for
thromboembolic events and, in ACLR, increases the risk
of such events beyond the risk presented by surgery
and rehabilitation alone.8 Both ACLR and the use of
hormonal contraception are common in the young fe-
male population; hence, there is potential for cumula-
tive risk of VTE. It is unclear whether surgeons
regularly counsel patients on the risk of thromboem-
bolic events associated with hormonal contraceptives
prior to pursuing ACLR. Additionally, the management
of such patients likely presents significant variability
given the lack of clear clinical guidelines.
The purpose of this study was to evaluate the VTE

prophylaxis practices of surgeons performing ACLR in
female patients using hormonal contraceptives. Our
hypothesis was that there would not be a standard of
care among surgeons; however, some surgeons may
change their management based on the presence of this
risk factor and counsel patients on the risk of VTE
associated with the use of hormonal contraceptives and
surgery.

Methods
The survey (Appendix Fig 1, available at www.

arthroscopyjournal.org) used in this study was devel-
oped collaboratively by sports medicineetrained, or-
thopaedic surgeons from 3 academic centers in
conjunction with specialists in obstetrics and gynecol-
ogy and was approved by the institutional review
board. The survey was subsequently approved by the
AANA Research Committee and was made available to
the AANA membership for response. The survey was
posted on the AANA website as a research survey;
members could complete the survey at their leisure.
The survey used branching logic and was designed to
identify the respondent’s clinical decision making
regarding the use of VTE prophylaxis after ACLR in
patients without risk factors for VTE, the counseling of
patients about the risk of VTE associated with hormonal
contraceptive use during the perioperative period, and
the use of VTE prophylaxis after ACLR in patients
taking hormonal contraceptives and whether it varies
with delivery method (oral, vaginal, or transdermal).
Questions also aimed to identify common practices of
surgeons pertaining to use, type, timing, and length of
VTE prophylaxis around surgery. The survey included
questions on whether the surgeon routinely inquired
about hormonal contraceptive use and whether the
patient’s answers changed the surgeon’s prophylaxis
treatment protocol. Pertaining to hormonal contracep-
tives, surgeons were asked whether they have patients
stop taking hormonal contraceptives perioperatively,
prescribe prophylaxis, or both. To further assess
possible bias, surgeon demographic characteristics were
identified including gender, age, geographic location,
type of practice, and number of ACLRs performed per
year. The survey also inquired whether respondents
had prior patients in whom a VTE event developed after
ACLR. The survey was administered and data were
collected using REDCap.16,17

Statistical Analysis
Data were analyzed using the Kruskal-Wallis test to

evaluate differences between groups and binary logistic
regression to report odds ratios (ORs) associated with
reporting dichotomous response options. For the pur-
poses of regression analysis, we dichotomized responses
regarding whether surgeons ask about hormonal con-
traceptive use (never, rarely, or sometimes vs
frequently or always) and whether surgeons change
their prophylaxis plan as a result of the information (no
vs depends or yes). Microsoft Excel software (Red-
mond, WA) was used to summarize the responses to all
survey questions and present descriptive statistics.

Results
A total of 94 AANA members completed the survey.

One incomplete survey was received and was not
included in the results. Of the member respondents, 56
were men (62.9%), 33 were women (37.1%), and 5
did not provide their gender. The age of the re-
spondents was as follows: 15.7% (n ¼ 14) were
younger than 40 years, 43.8% (n ¼ 39) were aged 40 to
49 years, 23.6% (n ¼ 21) were aged 50 to 59 years, and
16.9% (n ¼ 15) were aged 60 years or older. The
number of ACLRs performed annually by respondents
was as follows: 40.4% (n ¼ 38) performed more than
50 ACLRs, 28.7% (n ¼ 27) performed 30 to 50, 28.7%
(n ¼ 27) performed 15 to 30, and 2.1% (n ¼ 2) per-
formed fewer than 15. The respondents reported
working in the following practice settings: academic
institution, 40.4% (n ¼ 36); private practice, 32.6%
(n ¼ 29); hospital employed, 22.5% (n ¼ 20); military,
1.1% (n ¼ 1); and other practice type, 3.4% (n ¼ 3).

Current Practice Patterns
Of the respondents, 67% (n ¼ 62) routinely use

pharmacologic VTE prophylaxis postoperatively in
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Fig 1. Pie chart showing various durations of routine venous
thromboembolism prophylaxis use among respondents.
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patients after ACLR. Ninety-eight percent of re-
spondents (n ¼ 61) identified “reduce risk of DVT/PE”
as a reason for using pharmacologic VTE prophylaxis.
Thirty-seven percent of respondents (n ¼ 23) identified
“medical-legal concerns” as a reason for using phar-
macologic VTE prophylaxis.
Regarding VTE prophylaxis regimens, 97% of re-

spondents (n ¼ 60) using pharmacologic prophylaxis
reported routinely using an aspirin-based regimen. Of
these respondents, 61% (n ¼ 37) reported using an
aspirin-based regimen at a dose of 325 mg whereas
35% (n ¼ 21) reported using an aspirin-based regimen
at a dose of 81 mg. One respondent reported using a
naproxen-based regimen at a dose of 500 mg. One
respondent reported using an Eliquis-based regimen
(Bristol-Myers Squibb, New York, NY) at a dose of 5
mg. The most common regimen used among re-
spondents was 325 mg of aspirin daily for 14 days (15%
of respondents, n ¼ 9).
Regarding the duration of VTE prophylaxis after

surgery, the most common duration was 14 days
postoperatively (40%, n ¼ 25) (Fig 1). Ninety-eight
percent of respondents (n ¼ 61) prescribed prophy-
laxis for at least 14 days; 58% of respondents (n ¼ 37),
at least 21 days; and 47% of respondents (n ¼ 30), at
least 28 days.
When we evaluated whether respondents had prior

patients in whom VTE developed after ACLR, 67% of
respondents (n ¼ 62) reported that they had this prior
personal experience. Of these respondents, 32% (n ¼
20) had only male patients with VTE after ACLR; 24%
(n ¼ 15), only female patients; and 33% (n ¼ 21), both
male and female patients. Thus, 57% (n ¼ 36) reported
clinical experience with female patients who had VTE
after ACLR whereas 32% (n ¼ 20) reported no expo-
sure to female patients with VTE after ACLR.
When considering female patients, 40% of surgeons

(n ¼ 37) responded that they always inquire about
hormonal contraceptive medications, 27% (n ¼ 25)
frequently ask, 9% (n ¼ 8) sometimes ask, 14% (n ¼
13) rarely ask, and 10% (n ¼ 9) never ask. When
considering the reasons respondents may not ask pa-
tients about the use of hormonal contraceptive medi-
cations, 63.7% (n ¼ 37) indicated that it does not
change the treatment plan, 14.5% (n ¼ 8) believe the
risk of blood clots associated with hormonal contra-
ceptives is low, 18.2% (n ¼ 10) adjust perioperative
prophylaxis based on medications listed in the medical
record, 5.5% (n ¼ 3) desire to avoid an uncomfortable
subject, 9.1% (n ¼ 5) indicated that the parents of a
minor patient are present, 1.8% (n ¼ 1) would not ask
if they did not think the patient had a reason to be
receiving hormonal contraceptives, and 10.9% (n ¼ 6)
reported other reasons.
When considering whether hormonal contraceptive

use changes the care plan in female patients
undergoing ACLR, 55% of respondents (n ¼ 51)
responded “no”; 33% (n ¼ 30) responded “yes, but I
change my care plan in the same way regardless of type
of hormonal contraceptive”; and 12% (n ¼ 11)
responded “depends on the type of hormonal contra-
ceptive.” Of those respondents who reported “yes, but I
change my care plan in the same way regardless of type
of hormonal contraceptive” in response to the question
on hormonal contraceptive use in female patients, 37%
(n ¼ 11) reported “prescribing pharmacologic prophy-
laxis even though I do NOT do so routinely”; 30% (n ¼
9) reported “asking the patient to stop hormonal con-
traceptive perioperatively”; 23% (n ¼ 7) reported “us-
ing different pharmacologic prophylaxis”; 10% (n ¼ 3)
reported “increasing duration of routine pharmacologic
prophylaxis”; and 7% (n ¼ 2) reported “increasing dose
of routine pharmacologic prophylaxis.” Those re-
spondents who reported “depends on the type of hor-
monal contraceptive” in response to the question
regarding hormonal contraceptive use in female pa-
tients were more likely to ask a patient to stop taking
oral contraceptive pills (OCPs) in the perioperative
period rather than to remove a transdermal patch or
vaginal ring. Respondents were also more likely to
prescribe pharmacologic VTE prophylaxis, even if they
do not do so routinely after ACLR, in a patient taking
OCPs rather than a patient with a transdermal patch or
vaginal ring.
Surgeons who frequently or always asked about

hormonal contraceptive use were more likely to be
women (P ¼ .01; OR, 4.2) (Table 1), and those who
changed their VTE prophylaxis plan as a result of asking
about hormonal contraceptive use (reporting yes or
depends) were also more likely to be women (P ¼ .02;
OR, 2.8) (Table 2). Surgeons who frequently or always



Table 1. Percentage of Surgeons Who Always or Frequently Ask About Hormonal Contraceptive Use

Always or Frequently Ask About DVT Prophylaxis

Female Surgeons Male Surgeons All Surgeons

Overall 85% (28 of 33)* 57% (32 of 56)* 67% (60 of 89)
History of female patient with DVT

Yes 100% (11 of 11) 71% (17 of 24) 80% (28 of 35)y

No 77% (17 of 22) 47% (15 of 32) 59% (32 of 54)y

DVT, deep vein thrombosis.
*Statistically significant difference in proportions between groups: P ¼ .01.
yStatistically significant difference in proportions between groups: P ¼ .03.
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asked about hormonal contraceptive use were more
likely to have had a female patient with VTE after ACLR
(P ¼ .03; OR, 2.9) (Table 1), and those who changed
their VTE prophylaxis plan as a result of asking about
hormonal contraceptive use (reporting yes or depends)
were more likely to have had a female patient with VTE
after ACLR (P ¼ .001; OR, 4.6) (Table 2).

Discussion
The survey results in this study show that prior clin-

ical experience with VTE after ACLR and surgeon
gender play significant roles in orthopaedic surgeons’
management of VTE risk after ACLR. Two-thirds of our
respondents reported having a prior patient in whom
VTE developed after ACLR. When considering female
patients for ACLR, 40.2% of survey respondents re-
ported asking about hormonal contraceptive use. When
stratifying surgeons by gender, surgeons who always or
frequently asked patients about hormonal contracep-
tive use and surgeons who changed their VTE pro-
phylaxis plan as a result of asking about hormonal
contraceptive use were 4.2 and 2.8 times more likely to
be women, respectively (P ¼ .01 and P ¼ .02, respec-
tively). The role of surgeon gender in asking about
hormonal contraceptive use and adjusting the VTE
prophylaxis plan may relate to increased awareness of
hormonal contraceptive medications as a risk factor for
VTE, as well as personal experience with hormonal
contraceptive medications. Surgeons who frequently or
always asked about hormonal contraceptive use and
those who changed their VTE prophylaxis plan as a
result of asking about hormonal contraceptive use were
Table 2. Percentage of Surgeons Who Always or Frequently Cha

Female Surgeons

Overall 61% (20 of 33)*
History of female patient with DVT

Yes 73% (8 of 11)
No 55% (12 of 22)

DVT, deep vein thrombosis.
*Statistically significant difference in proportions between groups: P ¼ .
yStatistically significant difference in proportions between groups: P ¼ .0
2.9 and 4.6 times more likely to have had prior expe-
rience with a female patient with VTE after ACLR,
respectively (P ¼ .03 and P ¼ .001, respectively). This
finding suggests that prior clinical experience likely
plays a significant role in surgeons considering and
adjusting hormonal contraceptive use and the VTE plan
in the perioperative period after ACLR.
The use of VTE prophylaxis after ACLR varies across

surgeons. A 2018 study by Keller et al.10 found that
over half of 142 orthopaedic sports medicine
fellowshipetrained surgeons in the United States use
chemoprophylaxis after ACLRdwith over 90% of
surgeons who use chemoprophylaxis prescribing
aspirin. The findings of this study align with our survey
results, with 66.7% of respondents using VTE chemo-
prophylaxis after ACLR and 97% of these respondents
using an aspirin-based regimen. Keller et al. also re-
ported that 44% of surgeons who do not routinely use
chemoprophylaxis said that they would consider its use
in patients who currently use hormonal contraception.
In a recent survey of 115 surgeons performing ACLR in
Sweden, Ekdahl et al.18 found that only 16% of sur-
geons always prescribed thromboprophylaxis but 82%
prescribed it in patients using oral contraceptives, sec-
ond only to patients with a history of thrombosis
(99%).
Fortunately, the risk factors for perioperative throm-

boembolic disease have been well studied. Known risk
factors for VTE include increasing age, cancer, smoking,
obesity, thrombophilia, chronic venous insufficiency,
use of hormonal contraceptive medications, family
history of VTE, and personal history of VTE.5,13,19,20
nge DVT Prophylaxis Based on Patient History of DVT

Always or Frequently Change DVT Prophylaxis

Male Surgeons All Surgeons

36% (20 of 56)* 44% (40 of 89)

63% (15 of 24) 66% (23 of 35)y

16% (5 of 32) 31% (17 of 54)y

02.
01.
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A recent database study by Traven et al.5 expanded on
prior studies on hormonal contraceptives to look spe-
cifically at the risk of VTE associated with combined oral
contraceptive pills (COCPs). The authors reported that
COCP use increases the risk of symptomatic DVT and
PE after knee arthroscopy and the risk of DVTdbut not
PEdafter ACLR. The OR of any DVT or PE after ACLR
with the use of COCPs was noted to be 2.34 (P < .001).
Postoperative VTE prophylaxis management is a

multifaceted decision for orthopaedic surgeons weigh-
ing multiple relative risks including baseline VTE risk,
postoperative bleeding concerns, procedure-related
factors, and anesthesia-related factors (regional blocks
or catheter use), as well as patient-related risk factors.
Currently, we are not aware of an organization or
society that recommends the routine use of chemo-
prophylaxis to prevent thromboembolic events after
non-arthroplasty orthopaedic surgery, and the Amer-
ican College of Chest Physicians (ACCP) recommends
against such prophylaxis unless a patient has a history
of DVT.12 Several studies have looked at the evidence
for chemoprophylaxis in patients undergoing knee
arthroscopy. In 2008, a Cochrane Review by Ramos
et al.21 found that the relative risk of thrombotic events
was 0.16 when using low-molecular-weight heparin
(LMWH) in patients undergoing knee arthroscopy. In
2014, Chapelle et al.22 included 14 studies in their
meta-analysis of patients requiring leg immobilization
for non-major orthopaedic injuries or undergoing knee
arthroscopy and found a 68% reduction in the risk of
major VTE events (P < .001) in patients receiving
LMWHdalthough they also observed a nonsignificant
35% increase in the risk of major bleeding. Both
studies, however, noted the significant lack of consis-
tency in data particularly regarding the stratification of
procedures being performed in the various studies.
More recently, in 2019, a systematic review and meta-
analysis by Zhu et al.23 reported that LMWH was
effective in decreasing VTE in patients undergoing
ACLR, and although there was an increase in minor
complications, there was no increased risk of clinically
relevant major bleeding complications. Additionally, a
2020 Cochrane Review by Perrotta et al.24 compared
LMWH with compression stockings, rivaroxaban,
aspirin, and placebo and found moderate- to low-
certainty evidence of no benefit from the use of
chemoprophylaxis in healthy patients while finding no
differences in adverse events between groups.
Although evidence has supported the common use of
aspirin for chemoprophylaxis after total hip and knee
arthroplasty, there is little evidence to guide its use in
patients undergoing ACLR.25,26 Overall, the literature
suggests that VTE prophylaxis is effective in decreasing
rates of VTE, but the complexity of endogenous patient
VTE risks, exogenous VTE risks, postoperative bleeding
concerns, and other factors complicate clinical decision
making. Further research is needed to determine which
patients, especially those at increased VTE risk, would
benefit from postoperative prophylaxis, as well as the
optimal chemoprophylactic regimen.
Oral contraceptives are the most-used reversible form

of contraception in the United States, and as a result,
orthopaedic surgeons treating female patients aged 15
to 49 years are likely to encounter patients using these
drugs.27 An understanding of the inherent clotting risks
related to the use of these medications, as well as the
different formulations, and counseling of patients
regarding postoperative thromboembolic risks should
be part of routine preoperative counseling for women
using these medications.
Oral contraceptive medications have multiple for-

mulations that can be simplified into 2 groups: (1)
progestin only or (2) estrogen and progestin in combi-
nation (also called “combined oral contraceptives”). The
estrogenic component of combined oral contraceptives
increases the risk of VTE by increasing hepatic pro-
duction of serum globulins involved in coagulation.
Progestin-only pills do not carry the same thrombo-
embolic risk as combined oral contraceptives. Combi-
nation birth control “pills” are now available in
transdermal and transvaginal delivery systems,
bypassing the need for daily oral dosing. The clotting
risks of these formulations should be considered the
same as those of the oral formulations.28-30

In addition to the risks of surgery itself, the use of
combined oral contraceptives is associated with a 2- to
6-fold relative risk of VTE. Compared with non-
pregnant, non-hormone users, the risk of VTE for
combined oral contraceptive users increases from 1 to 5
per 10,000 woman-years of use to 3 to 9 per 10,000
woman-years of use. This risk is still about half the VTE
risk of pregnancy (5 to 20 per 10,000 woman-years)
and still lower than the VTE risk in the postpartum
period (40 to 65 per 10,000 woman-years).31

Counseling women on DVT risk reduction prior to
surgery is complicated, balancing the risk of unintended
pregnancy against the compounded risk of hormonal
contraceptive use and major surgery. No clear
consensus exists for specific pharmacologic prevention
of VTE in women who continue using hormonal con-
traceptives while undergoing major surgery. The Cen-
ters for Disease Control and Prevention, the World
Health Organization, and the UK Medical Eligibility
Criteria recommend discontinuing OCPs in women
undergoing major surgery with prolonged immobiliza-
tion but are divided on whether to continue OCPs in
women undergoing major surgery without prolonged
immobilization.30

Overall, the aim of our study was to determine the
management practices and use of VTE prophylaxis
among surgeons performing ACLR in female patients
using hormonal contraceptives. A secondary goal of this
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study was to raise awareness and identify potential
knowledge gaps in practice patterns related to VTE risk
in this area of common clinical intersection: female
patients who are taking hormonal contraceptive med-
ications and undergoing ACLR. The results of this study
do not show a clear standard of care among orthopaedic
sports medicine surgeons and should not be used to
identify any malpractice. This study highlights the
importance of recognizing VTE risk associated with
ACLR and various risk factors, including hormonal
contraceptive use. Further research is needed to raise
awareness among surgeons, to identify which man-
agement practices best decrease VTE risk in our pa-
tients, and hopefully, to develop clinical guidelines to
direct practice.

Limitations
There are potential weaknesses of this study that

should be acknowledged. First, our survey queried the
AANA membership, which may introduce selection
bias and limit the generalizability to overall national
practice patterns across the United States. Second, there
may be a response bias such that surgeons responding
to this survey have greater interest in the topic and
possibly greater knowledge of the topic as compared
with surgeons who did not respond. This likely leads to
an overestimation of the number of providers who
routinely ask about hormonal contraceptive use or
change their practice based on the use of contraceptive
medications compared with national practice patterns.
Additionally, because the survey was posted on the
AANA website and because all members were not
directly queried, the number of members who may not
have completed the survey or been aware of it is un-
known. Finally, the results of the survey represent the
opinions and recollections of our survey respondents
and cannot be verified with clinical data.

Conclusions
There is no standard of care for VTE prophylaxis after

ACLR. A surgeon’s own gender and prior clinical
experience with VTE after ACLR may influence his or
her likelihood to consider a patient’s hormonal con-
traceptive use regarding VTE risk after ACLR.
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