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Background: Estrogen therapy and penile inversion vaginoplasty (PIV) are necessary, life-saving interventions
for many transfeminine patients. Patients undergoing PIV are generally at low baseline risk for venous throm-
boembolism (VTE) based on Caprini Score. Estrogen therapy may increase VTE risk in surgical patients, but its
cessation may be psychiatrically dysphoric for transfeminine patients.

Aim: This study examines whether perioperative estrogen cessation impacts VTE risk in patients undergoing
PIV.

Methods: This was a pre-post study of patients undergoing PIV. From 2014 through 2018, all patients stopped
estrogen therapy for 2 weeks before surgery and resumed 1 week postoperatively (group 1). Starting in 2019, all
patients continued estrogen therapy perioperatively, with dose reductions for those whose dose was >6 mg/day
(group 2).

Outcomes: The primary outcome was 90-day VTE rate.

Results: 178 patients were included in the study, with 117 in group 1 and 61 in group 2. Median Caprini Score
was 4 in group 1 (interquartile range: 3e6) and 3 in group 2 (interquartile range: 3e4) (P ¼ .011). Compli-
cations per patient were higher in group 1 (2.2 vs 0.9, P < .001), with a longer follow-up (14.1 vs 10.2 months,
P < .001). Rates of 90-day VTE were not different between groups (0.0% vs 1.6%, P ¼ .166).

Clinical Implications: Patients undergoing PIV are generally at low risk for VTE, based on 2005 Caprini Scores.
This study provides preliminary evidence that perioperative estrogen therapy continuation does not appear to
substantially increase VTE risk in transfeminine patients undergoing PIV with low Caprini Scores, although
more investigation is needed to establish true safety.

Strengths & Limitations: Strengths include the pre-post design and single-surgeon experience, high proportion
of patients with 90-day follow-up, and relatively large series to understand baseline VTE risk by Caprini Score in
a PIV population. The main weakness of this study is its limited power to measure true differences in VTE risk
based on estrogen continuation.

Conclusions: This study suggests that perioperative estrogen continuation may be safe for patients undergoing
PIV, the overwhelming majority of whom are at low baseline VTE risk. However, clinicians should weigh the
magnitude of the risks and benefits of estrogen cessation on a case-by-case basis. Nolan IT, Haley C, Morrison
SD, et al. Estrogen Continuation and Venous Thromboembolism in Penile Inversion Vaginoplasty. J Sex
Med 2020;XX:XXXeXXX.
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INTRODUCTION

Treatment of gender dysphoria in transgender people includes
hormonal and surgical modalities.1 For transfeminine people
(including transgender women and nonbinary people assigned
male at birth), options include estrogen therapy and a variety of
surgical interventions, including penile inversion vaginoplasty
(PIV). Genital surgeries frequently take place after initiation of
hormone therapy in accordance with current World Professional
Association for Transgender Health Standards of Care.1

Frequently, health-care professionals are faced with an
important consideration when delivering feminizing gender
affirmation: the possibility of venous thromboembolism (VTE)
from estrogen therapy in patients undergoing PIV. The pro-
thrombotic effects of estrogen therapy, independent of surgical
intervention, are well-documented in both cisgender and trans-
gender women.2e5 Elevated risk of VTE is more strongly asso-
ciated with oral vs transdermal formulations,2,5e9 and the risk
appears to be dose-dependent.9

Surgery is an acknowledged risk factor for VTE development,
and VTE risk increases linearly with time spent under general
anesthesia.10 PIV surgeries typically take at least 4 hours and have
the possibility of lasting up to 8 hours.

Estrogen and surgery may have a synergistic effect on
thrombotic risk, and thus, many surgeons currently recommend
discontinuation of hormone therapy preoperatively.4,11e13

However, data supporting the discontinuation of estrogen ther-
apy, either in cisgender or transgender people, are limited.14

Existing data for VTE risk in patients undergoing pelvic sur-
gery are derived from people with abdominal and pelvic cancer,
which is clearly a high-risk group.15,16 Unique data for trans-
feminine people are required as patients undergoing PIV are
generally younger and physically healthier than patients under-
going other major pelvic surgeries (eg, gynecologic or urologic
tumor resection and subsequent reconstruction) and thus
generally expected to be at lower risk for VTE as quantified by
the 2005 Caprini Score.

The 2005 Caprini Score Thrombosis Risk Factor Assessment is
an instrument to stratify the risk of VTE in surgical patients based
on numerous patient-specific risk factors (Figure 1).17 Using the
Caprini Score, a 14-fold variation in VTE risk has been identified
among surgical patients, with lower scores correlating with lower
rates of VTE.18 Patients undergoing plastic surgery with Caprini
Scores less than 8 have been shown to have significantly decreased
rate of VTE compared with patients with Caprini Scores greater
than 8.19 In addition, the risk of VTE among patients undergoing
plastic surgery with Caprini Scores less than 5 has been calculated
at 0.61%.19 Although estrogen is well established as a risk factor for
VTE,20 most patients undergoing PIV are otherwise assumed to be
at low risk for VTE as calculated by the Caprini Score. A recent
retrospective review of 706 patients undergoing gender-affirmation
surgeries reported a mean Caprini Score of 3, although this
study included both transfeminine and transmasculine patients
undergoing a variety of surgeries.21 Given that estrogen use con-
tributes only one point to the Caprini Score,17 for patients at low-
moderate baseline risk with Caprini Scores less than 7, estrogen
cessation would decrease VTE risk by a fraction of one percent per
the study by Pannucci et al.19 This is also supported by a recent
systematic review that estimates baseline VTE risk among trans-
feminine people prescribed estrogen to be 2.3 per 1,000 person-
years, with the acknowledgment that their findings may be unre-
liable because of high heterogeneity of their study population.22

Using this logic, Haveles et al23 have recommended surgeons
engage transfeminine people in a careful discussion of both the risks
of estrogen continuation and estrogen cessation.

Of special consideration to transfeminine people regarding
perioperative estrogen cessation is the potential gender dysphoria
caused by abrupt cessation of exogenous estrogen and also
endogenous testosterone (from orchiectomy during PIV), which
may lead to menopause-like symptoms and gender dysphoria
exacerbations.9,24 Although this has not been robustly studied, as
PIV and other gender-affirming surgery procedures aim to alle-
viate gender dysphoria, avoidance of gender dysphoria exacer-
bations resulting from perioperative estrogen cessation would be
preferable, if proven safe. The relatively high prevalence of other
psychiatric comorbidities in transgender and nonbinary people,
which largely result from long-term systemic discrimination and
transphobia, further emphasizes the importance of avoidance of
gender dysphoria exacerbation.25

A recent systematic review stated the current evidence does not
support the need to routinely discontinue all hormonal therapy
preoperatively in transfeminine people.9 This was based on the
inconsistent risk data regarding the impact of exogenous estrogen in
the perioperative period for cisgender women, as well as the lack of
research directly examining the safety of hormonal therapies in the
perioperative period for transfeminine people. It was recommended
that estrogen continuation decisions should be made on a patient-
specific basis, and the need for further research was acknowledged.

When considering surgery, providers are forced to balance 2 sets
of risks regarding estrogen for patients undergoing PIV: the po-
tential to increase VTE risk with estrogen continuation vs the
potential to exacerbate gender dysphoria with estrogen cessation.
Although the true incidence and magnitude of gender dysphoria
exacerbations caused by estrogen cessation has not been robustly
studied, any avoidance of gender dysphoria in transfeminine people
is desirable. To contribute to knowledge of this growing topic of
concern, we conducted a retrospective pre-post study comparing
the incidence of 90-day postoperative VTE in transfeminine people
undergoing PIV with or without perioperative estrogen cessation.
MATERIALS AND METHODS

Study Design and Patient Selection
A retrospective pre-post study was performed of a single sur-

geon’s (T.S.) experience with PIV for transfeminine people from
2014 to 2019. Outcomes of a portion of this cohort have been
J Sex Med 2020;-:1e8
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reported previously.26,27 All patients gave consent for all aspects
of the study. Institutional Review Board approval was obtained
(Advarra [Columbia, Md.] Institutional Review Board protocol
number Pro00031075). Data were collected on patient charac-
teristics, details of perioperative hormone therapy regimens,
operative outcomes, and complications including 90-day rates of
VTE. All data necessary for completion of Caprini Score were
collected.17 The 2005 Caprini Score was used, as it has been
validated for plastic surgery inpatients and is formally
Figure 1. Caprini score thrombosis risk factor assessment. Thrombosi
“Thrombosis risk assessment as a guide to quality patient care” in D
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recommended by the American Society of Plastic Surgeons, the
American Association of Plastic Surgeons, and the American
College of Chest Physicians.19,28e30
Statistical Analysis Plan
Descriptive and comparative statistics were performed using

Excel (Microsoft, Redmond, WA) and SPSS (IBM, Armonk,
NY). Continuous variables were compared using means and
s Risk Factor Assessment as presented by Joseph A. Caprini, MD in
isease-A-Month, published in March 2005.
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standard deviations with Student’s t-tests. Dichotomous variables
were compared using proportions and Chi-squared tests. Ordinal
variables were compared using medians with interquartile ranges
and nonparametric tests, as appropriate. Statistical significance
was set at P < .05.
Surgical Technique and Perioperative Care

Surgical technique was PIV for all patients. Details of this
technique as performed by T.S. have been described previ-
ously.26 A pre-post study design was adopted to compare out-
comes and complications before and after a change in practice
was made to have patients continue estrogen therapy perioper-
atively. This decision was made based on the lack of high-quality
evidence or consensus between surgeons suggesting the necessity
of estrogen cessation in addition to the author’s experience with
estrogen cessation causing mood swings, depression, anxiety, and
psychosis in patients postoperatively, although the true incidence
or magnitude of these effects has not been robustly examined in
the literature. From 2014 through the end of 2018, patients were
instructed to discontinue all hormonal therapy for 2 weeks before
surgery, with resumption of hormone therapy on postoperative
day 7 (group 1). From 2019, patients were instructed to
continue estrogen therapy through the perioperative period
(group 2). However, if estrogen dose was >6 mg preoperatively,
patients were instructed to halve their dosage for 2 weeks before
surgery. Since the half-life of oral and transdermal estrogens is
approximately 13e20 hours and 37 hours, respectively, a sig-
nificant decrease in overall estrogen availability was likely seen by
the time of surgery.31,32

All patients were instructed to stop all tobacco and nicotine
products 1 month preoperatively. Cotinine testing was only
performed if there was suspicion of noncompliance. Patients’
travel history was not a factor in their VTE prophylaxis planning.
Progesterone therapy was discontinued 2 weeks before surgery
for all patients and resumed at postoperative day 7. Sequential
compression devices (SCDs) were placed intraoperatively and
continued postoperatively until ambulating on postoperative day
Table 1. Patient characteristics of estrogen cessation (group 1) and e

Parameter Group

Age, mean years (SD) 38.4 (1
BMI, mean years (SD) 25.5 (5
Duration of hormone therapy, mean years (SD) 5.7 (6
Hypertension, % (n) 12.0 (1
Diabetes, % (n) 6.8 (8
Tobacco History, % (n) 15.4 (1
Hyperlipidemia, % (n) 6.0 (7
HIV, % (n) 6.8 (8
Liver disease/Hepatitis, % (n) 6.0 (7
Caprini Score, median (IQR) 4 (3

Bolded rows reflect statistically significant findings.
BMI ¼ body mass index; IQR ¼ interquartile range.
1. No perioperative chemoprophylaxis was given for VTE pre-
vention because of concern for postoperative bleeding. In addi-
tion, most patients were assumed to be at low risk for VTE based
on the Caprini Score.19

Patients were maintained on bedrest for 24 hours after surgery.
Per protocol, patients were instructed to ambulate with assistance
on postoperative day 1 and were discharged on postoperative day
3. Outpatient clinic follow-up was conducted at postoperative
days 7, 14, and 21, then subsequently every 3 months for the
first year.
Outcomes of Interest
Primary outcome was 90-day VTE rate. The 90-day period

was used to ensure that all patients had equal follow-up for this
outcome, with the assumption that VTE development within
90 days of PIV is likely related to surgical intervention, and VTE
development after 90 days is unrelated to surgical intervention.
Patients were screened for deep venous thrombosis (DVT) and
pulmonary embolism (PE) at postoperative visits using history
and clinical examination. Patients with concerning signs or
symptoms were sent for venous duplex ultrasound or PE-
protocol CT scan as appropriate. In line with existing data
from national plastic surgery organizations and the American
College of Chest Physicians, no patient was screened for VTE
(eg, screening duplex ultrasound) in the absence of symptoms.30

Secondary outcomes include wound healing complications and
psychiatric admissions after PIV.
RESULTS

Patient Characteristics
A total of 178 patients were included in the study, with 117 in

the estrogen cessation cohort (group 1) and 61 in the estrogen
continuation cohort (group 2). Group 1 was older than group 2
(mean 38.4 vs 32.0 years, P ¼ .001), with higher rates of hy-
pertension (12.0% vs 1.6%, P ¼ .024) and diabetes (6.8% vs
0%, P ¼ .041) (Table 1). BMI and rates of other comorbidities
strogen continuation (group 2) cohorts

1 (N ¼ 117) Group 2 (N ¼ 61) P value

3.0) 32.0 (10.5) .001
.0) 24.6 (4.4) .294
.4) 5.4 (5.0) .782
4) 1.6 (1) .024
) 0.0 (0) .041
8) 8.2 (5) .205
) 8.2 (5) .589
) 1.6 (1) .143
) 0.0 (0) .056
e6) 3 (3e4) .011

J Sex Med 2020;-:1e8



Figure 2. Distribution of Caprini Scores within the penile inversion
vaginoplasty cohort. Caprini Score calculations of VTE risk are
shown for the entire cohort of 178 penile inversion vaginoplasty
patients. The 2005 Caprini Score Calculator was used.
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were not different between groups. Patients had a history of
estrogen therapy for a mean duration of 5.7 (group 1) and 5.4
(group 2) years. Overall, the patients were at low risk of VTE
based on Caprini Score (Figure 2). Median Caprini Score was
significantly higher in group 1 (median 4, IQR 3e6) than that in
group 2 (median 3, IQR 3e4) (P ¼ .011) (Table 1).
Outcomes and Complications
The overall complication rate was not statistically significant

between the 2 cohorts of patients with 70.1% in group 1 and
54.1% in group 2 (P ¼ .208) (Table 2). The mean complication
rate per patient was statistically significant with 2.2 (SD 2.3)
complications per patient in group 1 and 0.9 (SD 1.1) in group 2
(P < .001). Mean follow-up was longer in group 1 than that in
group 2 (14.1 vs 10.2 months, P < .001).
Table 2. Outcomes and complications of estrogen cessation and con

Complication Group 1 (N

Complications rate, % (n) 70.1 (82)
Complications per patient, mean (SD) 2.2 (2.3
Follow-up, mean months (SD) 14.1 (5.6
Primary outcomes

90-day DVT, % (n) 0.0 (0)
90-day PE, % (n) 0.0 (0)

Secondary outcomes
Hematoma, % (n) 11.1 (13)
Surgical site infection, % (n) 2.6 (3)
Wound breakdown, % (n) 17.1 (20)
Skin graft loss, % (n) 0.9 (1)
Granulation tissue, % (n) 25.6 (30)
90-day Inpatient psychiatric care, % (n) 2.6 (3)

Bolded rows reflect statistically significant findings.
DVT ¼ deep venous thrombosis; PE ¼ pulmonary embolism.
Outcomes and complications are listed, and rates are compared between group

J Sex Med 2020;-:1e8
The 2005 Caprini Score in PIV Patients
Patients’ individual VTE risk was quantified using the 2005

Caprini Score.17 No patient in group 1 or group 2 received
perioperative anticoagulation, but SCDs were used perioper-
atively until ambulation on postoperative day 1. Baseline VTE
risk was stratified at established cutpoints, specifically Caprini
Scores of 0e2, 3e4, 5e6, 7e8, and >8; these cutpoints have
been shown to identify stepwise increases in VTE risk.19 Of this
study’s PIV population, 97.2% have Caprini Scores of �6,
placing them in the low-to-moderate group for VTE risk
(Figure 2). Only 2.8% had Caprini Scores of �7, the cutpoint at
which postoperative chemical prophylaxis has been shown to
decrease VTE risk.29
Primary Outcomes: 90-Day VTE
Rates of 90-day VTE were not different between groups 1 and

2 (0.0% vs 1.6%, P ¼ .166), and there were no PE in either
group (Table 2). A singular DVT was detected in a patient with a
Caprini Score of 3 from the estrogen continuation group (group
2) during routine clinical examination screening on postoperative
week 3 and was treated with therapeutic oral anticoagulation
with complete resolution. Given that no VTEs occurred in group
1, it was not possible to calculate odds or risk ratios.
Secondary Outcomes
Rates of wound-healing complications, including hematoma,

infection, wound breakdown, skin graft loss, and granulation
tissue, were not different between cohorts (Table 2). Post-
operative inpatient psychiatric care within 90 days of surgery was
required by 2.6% (n ¼ 3) of group 1 and 3.3% (n ¼ 2) of group
2 patients, and these patients had an average of 4.6 complications
each.
tinuation cohorts

¼ 117) Group 2 (N ¼ 61) P value

54.1 (33) .208
) 0.9 (1.1) <.001
) 10.2 (3.1) <.001

1.6 (1) .166
0.0 (0) -

3.3 (2) .088
1.6 (1) .696

16.4 (10) .914
0.0 (0) .470
14.8 (9) .141
3.3 (2) .787

1 (estrogen cessation cohort) and group 2 (estrogen continuation cohort).
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DISCUSSION

Patients undergoing PIV in this study were generally at low
risk for VTE, with median Caprini Scores of 4 and 3 for groups 1
and 2, respectively (Figure 2). In addition, to help mitigate the
risk of VTE, most patients in this study were ambulating on
postoperative day 1, and SCDs were used perioperatively until
ambulation occurred. Among this low-risk study population,
rates of 90-day symptomatic VTE were not impacted by peri-
operative estrogen cessation. To our knowledge, this is the first
objective study of transgender people undergoing PIV that
compares outcomes between those who continued perioperative
estrogen to those who discontinued estrogen. This study re-
sponds to calls for further investigation into the effects of peri-
operative estrogen on VTE risk in transgender people.9 Previous
studies have either reported patient-reported VTE or have only
reported outcomes of either estrogen cessation or continuation,
not both.24

Only one patient was found to have a DVT (Caprini Score of
3), which was noted on clinical examination, confirmed with
ultrasound, and successfully managed with oral anticoagulation.
This study’s low rate VTE is consistent with existing evidence
regarding thromboembolic risk in patients undergoing PIV.24

This study also confirms what is known from other subgroups
of patients undergoing plastic surgery: Observed rates of VTE in
patients undergoing plastic surgery with low Caprini Scores are
low.19 For patients with low baseline risk, further risk modifi-
cation of estrogen cessation would decrease VTE risk by a frac-
tion of one percent at the potential harm of gender dysphoria
exacerbation, although the true incidence or magnitude of this
harm has not been clearly demonstrated. Thus, active discussion
between the patient and surgeon about the risks and benefits of
estrogen cessation would be appropriate.

Lower rates of overall complications in group 2 (estrogen
continuation cohort) are likely a factor of decreased follow-up
period and also increased surgical experience on the part of the
senior author (T.S.), as these patients were operated on more
recently than group 1 (ie, since 2019). Rates of short-term
wound healing complications including hematoma, surgical site
infection, wound breakdown, skin graft loss, and granulation
tissue were not different between groups, suggesting estrogen
continuation or cessation has little role in wound healing.
Relatively high overall complication rates are likely a result of our
choice to report all complications, to better reflect lived patient
experience with these procedures.

A significant complication in our cohort was the need for
inpatient psychiatric treatment in the 90-day postoperative
period (2.6% in group 1 and 3.3% in group 2, P ¼ .787).
Although these data demonstrate that there was no increased rate
of severe psychiatric complications in the estrogen cessation
group (group 1), this is likely an insensitive measure of gender
dysphoria exacerbations and thus not truly identifying its
incidence.
Our finding of no difference in rates of psychiatric hospitali-
zation between cohorts does not negate our suspicion that
discontinuation of perioperative estrogen therapy may reduce
psychological stress on patients undergoing PIV, which may be
significant perioperatively and postoperatively. Estrogen cessa-
tion, especially when concurrent with loss of endogenous
testosterone from orchiectomy during PIV, is a known psycho-
logical stressor for transgender people.33 In the senior author’s
anecdotal experience, postoperative experience has generally been
improved by continuing estrogen therapy. However, this has not
been robustly demonstrated in the literature, and our measure of
90-day rates of psychiatric hospitalization is not a sensitive
measure to identify these psychiatric symptoms which can usu-
ally be managed without hospitalization. Allowing for estrogen
continuation will likely prove beneficial to many patients.
However, further study, ideally a prospective, subjective survey
study, will be necessary to elucidate this issue which cannot be
fully addressed by examining hospitalization rates.

Postoperative psychiatric health is also likely to be affected by
high complication rates—our patients with psychiatric admission
had an average of 4.6 complications per patient, higher than the
2.2 in group 1 or 0.9 in group 2 overall. Therefore, any attempts
to improve postoperative psychiatric health must not do so at the
risk for increased complications.

The authors strongly suggest that decisions regarding periop-
erative estrogen be made with shared decision-making between
the patient and physician taking into consideration the magni-
tude of the benefits and risks of estrogen continuation as
morbidity or mortality from an untreated or missed VTE can be
devastating.

Strengths of this study include its pre-post design and single-
surgeon experience, which controls for confounders related to
surgical technique, high proportion of patients with 90-day
follow-up, and relatively large series to understand baseline
VTE risk by Caprini Score in a PIV population.

The main weakness of this study is its limited power to
measure true differences in VTE risk based on estrogen contin-
uation. However, such a study using pre-post design and single-
surgeon experience is impossible to conduct because of unrea-
sonably large sample sizes. Our cohort had an overall 90-day
VTE rate of 0.56% (1 in 178). A well-designed clinical trial to
examine an intervention that doubled risk to 1.12% would
require 4,781 patients per group (9,562 patients in total) to
achieve 90% power. Future studies with a greater number of
patients are needed to achieve greater power. This would allow
future authors to determine the true safety of estrogen contin-
uation in the perioperative period for transfeminine people un-
dergoing PIV.

This study also has potential confounding factors, including
tobacco use, as less patients in group 2 had a tobacco history than
those in group 1, although this difference was not statistically
significant (Table 1). Furthermore, cotinine testing was not
J Sex Med 2020;-:1e8
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performed on all patients preoperatively which would be neces-
sary to assess true adherence. Another potential confounder in-
cludes other hormonal therapies used by our patients, including
progesterone or antiandrogen medications. Unfortunately, we
did not have access to these data. In addition, a recent systematic
review found inconclusive evidence regarding the thrombotic risk
associated with these medications, and therefore, these medica-
tions were not examined in our study.9

Areas for future study include the effect of perioperative es-
trogen continuation on length of stay after PIV, the effect of
various estrogen preparations (oral vs transdermal) on VTE risk
in transfeminine people, the true incidence and magnitude of
gender dysphoria exacerbations or menopause-like symptoms
caused by estrogen cessation in the transfeminine population,
and the relative risk of VTE for patients undergoing PIV with
higher BMI than that represented in our cohort.
CONCLUSIONS

Estrogen continuation is likely an important consideration to
improve the operative experience for transfeminine people un-
dergoing gender-affirming surgery, without apparent increased
risk for thrombotic complications. Our comparative study of
gender-affirming PIV patients demonstrate that this population
is generally at low risk for VTE, based on 2005 Caprini Scores.
The study also supports that perioperative estrogen therapy
continuation in low-risk patients may not substantially increase
VTE risk. As estrogen cessation may promote gender dysphoria
exacerbation, surgeons should engage patients in an active pre-
operative discussion regarding the magnitude of the benefits and
risks of estrogen discontinuation.
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