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Abstract

Background: Heavy menstrual bleeding (HMB) is common. Although
hormonal medication is the mainstay of treatment, there is no scientific
evidence to support the superiority of one regimen over another. Both
oral and intravenous (IV) forms of estrogen are used for HMB in the
acute setting and are known to be associated with thrombosis, in par-
ticular, venous thromboembolism (VTE) in the deep veins of the legs
or pulmonary vessels. Progestins are also used for treatment of HMB;
a common choice is norethindrone acetate, a small amount of which is
metabolically converted to ethinyl estradiol (an estrogen) after inges-
tion. We sought to assess the incidence and relative risk (RR) of VTE for
users of IV estrogen, oral ethinyl estradiol, and norethindrone acetate.

Methods and Results: A retrospective descriptive review of a large
de-identified database (TriNETX, LLC) revealed a significantly
higher calculated rate and RR of VTE amongst users of injectable
conjugated estrogen compared to users of oral ethinyl estradiol and
oral norethindrone acetate.

Conclusion: Research is needed to determine the true RR of throm-
bosis for IV estrogen users to allow clinicians and patients to make
informed decisions that appropriately stratify risks and benefits when
considering the options for hormonal treatment of acute HMB.
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Introduction

Heavy menstrual bleeding (HMB) is defined as blood loss ex-
ceeding 80 mL during one menstrual cycle, and is accompanied
by clinical signs including menses lasting longer than 7 days,
a need to change protection more often than every 1 - 2 h and
iron deficiency, with or without anemia [1]. This type of bleed-
ing can be described with the 2018 International Federation of
Gynecology and Obstetrics (FIGO) abnormal uterine bleeding
(AUB) system [2, 3]. HMB affects approximately one-third of
menstruating people. Anemia may be severe (hemoglobin <
8 g/dL) and accompanied by hypovolemia and hemodynamic
instability requiring acute inpatient management. Acute HMB,
therefore, is AUB/HMB requiring immediate medical atten-
tion. Hormonal medication is typically used to stabilize the
endometrium and stop or significantly diminish active bleed-
ing [4]. Intravenous (IV) estrogen has long been incorporated
into clinical treatment algorithms, and is often considered first
line for severe acute HMB, particularly for individuals unable
to tolerate oral medication [5]. There is no evidence to sup-
port the superiority of one hormonal medication regimen over
another for AUB/HMB treatment; choices include varying for-
mulations and routes of administration for progestin, estrogen,
or a combination of both.

In a 1982 double-blind randomized controlled trial (RCT)
of 34 patients (16 - 49 years) with dysfunctional uterine bleed-
ing, 18 received 25 mg IV conjugated equine estrogen, and 16
received a placebo. According to protocol, participants who
continued to bleed received a second dose of study drug at 3
h and an open-label dose of estrogen at 5 h for a maximum
total of three injections. After one injection, bleeding stopped
in 4/18 (estrogen) versus 5/16 (placebo) (P = 0.226, odds ratio
(OR) 0.71). After two injections, 9/18 (estrogen) versus 1/16
(placebo) stopped bleeding (P=10.015, OR 11.57). By S h, 5/18
(estrogen) and 8/16 (placebo) were still bleeding [6]. Authors
of this study concluded that IV conjugated estrogen was more
effective at cessation of bleeding when compared to placebo,
and opined that the IV route may act more quickly than the
oral route, based on their data showing that 72% of the es-
trogen arm participants stopped bleeding in under 3 h. Citing
this study, the American College of Obstetrics and Gynecology
(ACOG) Committee Opinion #557 currently recommends, “in
the absence of contraindications to estrogen, hormonal therapy
for acute HMB can consist of intravenous conjugated estrogen
(25 mg) every 4 - 6 h (for 24 h); alternatively, monophasic
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combined oral contraceptive pills (OCPs), in 30 - 50 pg ethinyl
estradiol formulation, can be used every 6 - 8 h until cessation
of bleeding” [4]. This Committee Opinion further states that
“studies of treatment of acute AUB are limited, and only one
treatment (IV conjugated equine estrogen) is specifically ap-
proved by the United States Food and Drug Administration for
the treatment of acute AUB.”

However, estrogen is known to increase thrombosis risk,
in particular, venous thromboembolism (VTE). Progestins are
generally considered safer for individuals at risk for thrombo-
sis, as they are associated with a lower risk of VTE, though
there is some variation depending on progestin type. Norethin-
drone acetate, when used for treatment of HMB, and depot me-
droxyprogesterone have been associated with increased odds
of thrombosis when compared to controls as well as to other
progestins, though this risk is still lower than that associated
with ethinyl estradiol, which is a common component of com-
bined OCPs [7]. Combined OCPs with third and fourth gen-
eration progestins (desogestrel, gestodene, chlormadinone ac-
etate, cyproterone acetate, dienogest, and drospirenone) have
been associated with a higher risk of VTE than the first and
second generation alternatives (lynestrenol, norethindrone,
levonorgestrel, norgestimate, and norgestrel) [8]. Elevated or
exogenous estrogen has also been associated with unusual
site thrombosis and arterial thrombosis [5]. Although the ex-
act pathophysiology is not clear, estrogen is known to affect
hemostatic pathways in multiple ways, including increasing
levels of fibrinogen, factors II, VII, VIII, and X [8], affecting
platelet aggregation and activation, and elevating von Wille-
brand factor levels [9]. Most studies have shown that higher
doses of estrogen are associated with higher VTE risk [10-13]
and risk of thrombosis is highest in the first 6 months of oral
estrogen use [5]. IV estrogen administration bypasses the liver,
resulting in higher bioavailability compared to the oral route,
but IV preparations are generally reserved for short-term treat-
ment, and many patients may be given only a single dose. With
the aim of adding to these recommendations, we sought to as-
sess the incidence and relative risk (RR) of VTE for users of IV
estrogen, oral ethinyl estradiol, and oral norethindrone acetate
using a large, administrative database.

Materials and Methods

This was a retrospective descriptive study. Population level
data were collected from TriNETX, LLC, an administrative
database that contains inpatient and outpatient data from 56
tertiary care hospitals in the United States and > 81 million pa-
tients. TriNetX aggregates real-world de-identified data from
patient electronic medical records (EMRs) and includes medi-
cal diagnosis codes and medications. As this is a de-identified
dataset with access to multiple institutions, this study was
exempt from Institutional Review Board approval for all par-
ticipating institutions. The study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

This study analyzed the prevalence of VTE among fe-
males aged 10 - 45 years using the TriNetX database from

January 1, 2000, to December 30, 2023. Patients were cat-
egorized into three age-based groups: group 1 (adolescents
and young adults, 10 - 21 years), group 2 (reproductive age,
22 - 34 years), and group 3 (peri-menopausal, 35 - 45 years).
These age groups were selected based on hormonal use pat-
terns, physiological differences between the groups, and VTE
risk stratification, aligning with established clinical guidelines
and the US Medical Eligibility Criteria (US MEC) for con-
traceptive use. Patients were further classified into four hor-
monal therapy exposure groups: no hormonal therapy (control
group), oral norethindrone acetate, oral ethinyl estradiol, and
injectable conjugated estrogen. Hormone exposure was identi-
fied using RxNorm codes, and VTE events were defined as
the presence of > 1 ICD-9 or ICD-10 codes for VTE diagnosis
and a concurrent anticoagulant prescription within 1 year of
hormone exposure. A detailed list of anticoagulants, includ-
ing antiplatelets, injectable agents, vitamin K antagonists, and
direct oral anticoagulants, is provided in Supplementary Mate-
rial 1 (jego.elmerpub.com).

Norethindrone acetate, commonly used for HMB, is avail-
able in 5 mg oral tablets and is metabolized to norethindrone
after ingestion. Since norethindrone (0.35 mg) is not typically
used for acute HMB treatment but shares the same RxNorm
code as norethindrone acetate, the 0.35 mg dose was excluded,
with the assumption that the remaining data represented oral
norethindrone acetate. Oral ethinyl estradiol was selected as
it is the most common estrogen component of combined hor-
monal contraceptives in the USA. For conjugated estrogen, the
database does not differentiate IV administration, so the term
“injectable” was used as a surrogate.

Statistical analysis

Categorical variables, including age groups, hormone expo-
sure categories, and VTE occurrence, were reported as fre-
quencies and percentages. Prevalence rates of VTE were cal-
culated for each hormone exposure group (oral norethindrone,
oral ethinyl estradiol, and injectable conjugated estrogen) and
compared using Chi-square or Fisher’s exact test, as appro-
priate. Age-stratified analyses were performed by categorizing
patients into three groups: 10 - 21 years, 22 - 34 years, and 35
- 45 years. Within each age group, VTE rates were compared
across hormone exposure categories to assess potential differ-
ences in risk. Due to low sample size, injectable conjugated
estrogen use in the 10 - 21 age group was excluded from statis-
tical comparisons. Statistical significance was set at P < 0.05.
All statistical analyses were conducted using MedCalc 18.2.1
(MedCalc®).

Results

The analysis included 25,791,533 females aged 10 - 45 years
from the TriNetX database. Among these, the subset without
active hormonal medication use showed a rising trend in the
incidence of VTE between 2010 (0.10%) and 2020 (0.27%),
indicating the baseline prevalence of VTE independent of hor-
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Figure 1. Comparison of rates of VTE by hormone type and age. CE: conjugated estrogen; EE: ethinyl estradiol; NE: norethin-

drone; VTE: venous thromboembolism.

monal exposure. Collected data were then stratified by age and
each group was analyzed separately (Fig. 1).

Age group 10 - 21 years

In younger females, oral norethindrone users (n=75,387) dem-
onstrated a VTE rate of 0.31% (there were 236 VTE events),
which was more than double the rate observed in oral ethi-
nyl estradiol users (n = 184,189, VTE rate: 0.14%, 250 VTE
events). Due to low numbers, injectable conjugated estrogen
use in this age group could not be meaningfully analyzed.

Age group 22 - 34 years

For females aged 22 - 34, VTE rates varied significantly by
hormone type and administration route. Oral ethinyl estradiol
users (n = 921,631) experienced a VTE rate of 0.37% (3,383
VTE events), while norethindrone users (n = 384,423) had a
slightly higher rate of 0.43% (1,658 VTE events). Injectable
conjugated estrogen users (n = 990) had a markedly higher
VTE rate of 1.31% (13 VTE events), representing an RR of
3.58 with a 95% confidence interval (CI) of 2.08 - 6.15 (P =
0.0001), when compared to oral ethinyl estradiol users and an
RR of 3.04 (95% CI: 1.77 - 5.24; P = 0.0005) when compared
to oral norethindrone users.

Age group 35 - 45 years

In females aged 35 - 45 years, VTE risk increased across all
groups compared to those in the younger age groups. Oral ethi-
nyl estradiol users (n = 598,925) showed a VTE rate of 0.65%
(3,869 VTE events), and norethindrone users (n = 262,663)
demonstrated a higher rate of 0.86% (2,251 VTE events). The

highest risk was observed in injectable conjugated estrogen us-
ers (n = 1,066), with a VTE rate of 2.72% (29 VTE events).
Injectable estrogen conferred an RR of 4.21 (95% CI: 2.94 -
6.04; P < 0.0001) compared to oral ethinyl estradiol users and
an RR of 3.17 (95% CI: 2.21 - 4.56; P < 0.0001) compared to
oral norethindrone users.

Discussion

Review of the data from a large inpatient/outpatient adminis-
trative database demonstrates that injectable estrogen may be
associated with a higher risk of VTE compared to oral ethinyl
estradiol and oral norethindrone, as well as an increased risk
of VTE compared to those who have not used estrogen and/or
progestin. Based on the authors’ literature search, this study is
the first to evaluate the associated risk of VTE with injectable
estrogen administration.

The data available in the TriNetX Research Network are
limited. There is potential selection bias as only the institu-
tions contributing to the database are included. The route of
administration in the database is recorded as unknown or not
specified for many hormone users, as such, our analysis neces-
sarily will miss some users of estrogens and progestins. We did
not account for duration of therapy or other specific VTE risk
factors. Whether patients were treated inpatient or outpatient
was also not possible to elucidate, as full chart review cannot
be performed with a database search. There is a chance that
patients were prescribed medication in a setting that did not
use the EMR included in the database. However, presumably,
these medications would generally be added into the EMR by
participating clinicians, so this number of missed prescriptions
is assumed to be small. As the database is limited to the search
term “injectable,” this term was used as a surrogate measure
for “intravenous.” Although it is possible that not all injectable
estrogen use was IV, intramuscular and subcutaneous injec-
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tions of estrogen are not standard clinical practice for HMB
treatment, therefore we assumed that the number of non-IV
injectable estrogen users was small or negligible. The groups
of norethindrone users might include those taking doses other
than 5 mg or more of norethindrone acetate, but as these doses
are standard clinical practice for HMB treatment, we assumed
that the number of patients outside this range were also small.
The age range of 10 - 45 was intentionally selected to bet-
ter capture the population at risk for hormonally induced VTE
while minimizing confounders. The lower limit of 10 years was
chosen to maximally capture early post-menarchal patients, an
important subgroup for whom hormonal therapy is often initi-
ated for HMB. The upper limit of 45 years was chosen to mini-
mize the number of peri-menopausal and menopausal women,
who have an inherently higher baseline risk of VTE due to age
and may be more likely to use hormonal medication for meno-
pausal symptoms rather than for HMB. Despite these limita-
tions, the absolute number of medical records in the database
is large, and presumably all groups were equally subject to the
same confounders, as such, the general comparison of groups
remains valid. Numbers were too small to accurately stratify
VTE risk by dosage of norethindrone, even after excluding the
lowest dose of 0.35 mg, which may be important clinically as
VTE risk is theorized to be dose-dependent. Lastly, it is not
clear why the risk in these data of VTE amongst oral ethinyl
estradiol users appears lower than that of norethindrone us-
ers or non-hormone users for all age ranges, but we suspect
that this reflects prescription patterns. For example, we did not
control for underlying risk of VTE or contraindication to es-
trogen, so it is likely that those prescribed an oral estrogen had
a lower baseline risk of VTE. Overall, we suggest that the risk
for VTE may be elevated in users of IV estrogen compared to
the risk for users of oral ethinyl estradiol and oral norethin-
drone acetate.

The mechanism of IV estrogen leading to VTE is not well
understood. An advantage of IV estrogen treatment is the rapid
onset of action, which may be life saving for those with severe
hemorrhage. DeVore’s study showed cessation of bleeding
within the 8-h study period for most participants. Munro et al
found that bleeding stopped in 88% of those taking combined
oral hormonal contraceptives and 76% of those taking oral
medroxyprogesterone acetate, but with a much longer median
time of 3 days [14]. Another option recommended by ACOG
for treatment of acute HMB [4] is tranexamic acid, which has a
faster onset (5 - 15 min) when administered intravenously [15].
There are, however, no data to suggest that [V estrogen thera-
py, despite the rapid onset of action, is superior to oral estrogen
therapy or progestins for HMB. Authors propose that investi-
gation with a large multicenter detailed record review is need-
ed to accurately determine if [V estrogen carries a significantly
higher risk of VTE compared to other hormonal medications
for HMB, as this review appears to show, and ask the question:
is IV conjugated estrogen a reasonable first line treatment for
HMB or, is the risk of VTE so high and the benefit over other
hormonal regimens so low that it should be considered in only
special circumstances within treatment algorithms? Given that
recommendations for IV estrogen are widely based on a single
study, and that antifibrinolytic therapy with rapid onset is an-
other potential tool available for treatment of severe HMB, the

use of IV estrogen and associated complications would benefit
from further study.

Supplementary Material

Suppl 1. A detailed list of anticoagulants, including antiplate-
lets, injectable agents, vitamin K antagonists, and direct oral
anticoagulants.
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