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Introduction
The safety of second-trimester surgical
abortion or dilation and evacuation
(D&E) is well established. Hemorrhage,
which is the leading cause of second-
trimester abortion—related mortality,
occurs in <1% of procedures. Hemor-
rhage can be a primary or secondary
consequence of D&E, the latter resulting
from procedural complications, such as
retained products, laceration, or perfo-
ration, or from other known etiologies,
such as uterine atony or coagulopathy."”
Previous research has identified non-
modifiable and modifiable risk factors
for hemorrhage during D&Es, which can
help identify high-risk patients. Modifi-
able risk factors include surgical volume,
surgeon’s skill level, and wuse of
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ultrasound. Nonmodifiable risk factors
include but are not limited to previous
cesarean delivery, gestational age >20 found that abortion providers used

OBJECTIVE: This study aimed to evaluate prophylactic uterotonics, antifibrinolytic
medications, and vasoconstrictive agents in the prevention of hemorrhage during
second-trimester abortions.

DATA SOURCES: PubMed, Embase (Elsevier platform), Evidence-Based Medicine Re-
views (Ovid platform), and Web of Science were searched from database creation to
October 30, 2023.

STUDY ELIGIBILITY CRITERIA: Randomized controlled trials, cohort studies, case-
control studies, and case series evaluating pregnant individuals (between 13 0/7 and
27 6/7 weeks of gestation) who underwent dilation and evacuation and received pro-
phylactic uterotonics (methylergonovine, carboprost, oxytocin, or misoprostol), anti-
fibrinolytic medications (tranexamic acid), or vasoconstrictive agents (vasopressin,
lidocaine with epinephrine) were included in the study. The outcomes of interest included
postprocedural bleeding, rate of medications to treat bleeding, blood transfusion,
reoperation, and transfer to a higher level of care for hemorrhage.

METHODS: Of note, 2 authors independently screened the abstracts using the Sys-
tematic Review Data Repository. A third reviewer resolved discrepancies. The full text of
accepted abstracts was retrieved and assessed for eligibility by 2 independent authors.
Eligible studies were independently assessed for quality and bias by 3 authors. A
consensus review resolved discrepancies.

RESULTS: Among 5834 abstracts screened, 11 studies met the inclusion criteria; 5
randomized controlled trials, 3 retrospective cohort studies, and 3 case series, totaling
3857 individuals. The paucity of studies combined with the heterogeneity of included
trials precluded the performance of the meta-analysis. Of note, 4 studies evaluating
misoprostol were of overall low-quality evidence and primarily assessed misoprostol’s
use for cervical dilation. Thus, its efficacy in bleeding prophylaxis remains unclear.
Moreover, 2 high-quality trials evaluating oxytocin concluded that oxytocin use resulted
in decreased blood loss, without a difference in interventions to control bleeding.
Furthermore, 2 studies provided moderate-quality evidence that paracervical vaso-
pressin use decreased blood loss, particularly at advanced gestational ages, but sub-
sequent intervention outcomes were not assessed. High-quality evidence evaluating
methylergonovine found that this medication increased blood loss at the time of the
procedure.

CONGLUSION: Current evidence on hemorrhage prophylaxis at the time of dilation and
gvacuation supports the use of intravenous oxytocin or paracervical vasopressin to
decrease procedural blood loss, without an associated decrease in transfusion rate or
use of other interventions. Future research on outcomes by gestational age can identify
subgroups with the potential to derive the most benefit.

Key words: antifibrinolytics, hemorrhage prophylaxis, second-trimester abortion, sys-
tematic review, uterotonics, vasoconstrictive agents
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AJOG at a Glance

Why was this study conducted?

trimester abortions.

Key findings

rotonics and vasoconstrictive agents.

This study aimed to evaluate the efficacy of prophylactic medications in reducing
hemorrhage and methods employed in treating excessive bleeding in second-

Intravenous oxytocin and paracervical vasopressin decreased procedural blood
loss at the time of dilation and evacuation without substantial differences in the
rates of interventions to treat bleeding. Increases in blood loss were seen with
prophylactic methylergonovine. Studies examining misoprostol were not pow-
ered to evaluate blood loss. Therefore, its prophylactic ability is unclear. No study
evaluated the use of carboprost or tranexamic acid in this context.

What does this add to what is known?
This study expands on current society recommendations by highlighting the
nuances and limitations of the existing research surrounding prophylactic ute-

prophylactic uterotonics in 16% to 27%
of procedures.’

To assess the efficacy of pharmaco-
logic hemorrhage prophylaxis and to
inform future clinical recommenda-
tions, we sought to determine via a sys-
tematic review whether prophylactic
uterotonics, antifibrinolytic medica-
tions, or vasoconstrictive agents prevent
hemorrhage during second-trimester
surgical abortions. We hypothesized
that hemorrhage medications would
decrease blood loss during D&Es when
used prophylactically.

Objective

This study aimed to systematically re-
view the literature to appraise the effi-
cacy of prophylactic uterotonics,
antifibrinolytic medications, and vaso-
constrictive agents in the prevention of
hemorrhage during second-trimester
abortions.

Materials and methods

Eligibility criteria

We used the population, intervention,
comparison, and outcome method to
formulate our review question.

Our population of interest was in-
dividuals between 13 0/7 and 27 6/7
weeks of gestation undergoing second-
trimester abortions for any reason who
received prophylactic uterotonics, anti-
fibrinolytics, or vasoconstrictive agents.

The interventions of interest included
the following most frequently used pro-
phylactic medications in the United
States”: methylergonovine (adminis-
tered orally, intravenously, or intramus-
cularly), intramuscular carboprost,
misoprostol (administered sublingually,
buccally, vaginally, or rectally), tranexa-
mic acid (administered orally or intra-
venously), intracervical vasopressin, and
intracervical lidocaine with epinephrine.
In addition, searches for the general
terms for these medications (utero-
tonics, antifibrinolytics, and vasocon-
strictive agents) were performed to
identify less commonly used medica-
tions and medications used outside of
the United States.

The control or comparison groups
included individuals between 13 0/7 and
27 6/7 weeks of gestation undergoing
second-trimester abortions for any
reason receiving placebo or no
treatment.

The primary outcome of interest was
postprocedural bleeding or hemorrhage.
The secondary outcomes included the
need for medications for the treatment
of bleeding, the need for blood trans-
fusion for the treatment of bleeding, and
reoperation or transfer to a higher level
of care for bleeding issues. The included
studies evaluated at least 1 outcome of
interest as either a primary or secondary
outcome.

We included all randomized control-
led trials (RCTs), cohort studies, case-
control studies, and case series. We
excluded studies involving participants
at <12 6/7 and >27 6/7 weeks of gesta-
tion and studies identifying active
bleeding before procedure initiation. We
excluded conference presentations and
review articles.

Information sources and search
strategies

This systematic review abided by the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines®
and was registered in the International
Prospective Register of Systematic Reviews
before the review was conducted (regis-
tration number: CRD 42023426861). This
study was deemed exempt from our
institutional review board.

Searches incorporated key words and
controlled vocabulary terms and were
performed without date limits. Searches
were performed in June 2023 and
October 2023 using PubMed, Embase
(Elsevier platform), Evidence-Based
Medicine Reviews (Ovid platform),
Web of Science, and Ovid’s Cochrane
Database of Systematic Reviews. We
restricted our search to English-language
publications. Search strategies are pre-
sented in the Supplemental Figure. In
addition, the full reference list of each
included study was reviewed to ensure
that all relevant studies were included in
the final analysis.

Study selection

Of note, 2 reviewers (K.EH. and C.J.P.)
independently screened the titles and
abstracts of all studies, and a third
reviewer (D.H.B.) resolved all discrep-
ancies. If immediate inclusion or exclu-
sion was not possible, the full text was
retrieved and evaluated for eligibility by
each reviewer independently (K.EH.,
D.H.B,, and C.J.P.).

Data extraction

All 3 reviewers (K.FH., CJ.P, and
D.H.B.) independently performed data
extraction, resolving discrepancies by
consensus review. Data elements that
were extracted included key questions,
study design, study arms, sample
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characteristics, outcomes, and results.
Data extraction was performed in Soft-
ware Resources Data Reporting using the
abstract extraction tool. The reviewers
attempted to contact the authors if
insufficient data were available for
extraction.

Assessment of risk of bias

Of note, 3 authors (K.FH., C.J.P, and
D.H.B.) independently assessed the
quality and risk of bias of each study
using the extracted data. They evaluated
randomized and nonrandomized studies
using the revised Cochrane risk-of-bias
tool (RoB 2)” and the Newcastle-
Ottawa Quality Assessment Scale,®
respectively. RoB 2 allows reviewers to
propose a low risk of bias, high risk of

bias, or some concerns regarding bias
using 5 domains: randomization process
to assess selection bias, deviations from
intended intervention to assess perfor-
mance bias, measurement of outcome to
assess detection bias, missing outcome
data to assess attrition bias, and selection
of reporting to assess reporting bias. The
Newcastle-Ottawa Quality Assessment
Scale measures the overall quality of a
study as low, medium, or high using 3
domains: selection, comparability, and
outcome or exposure. The Grading of
Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE)
Working Group guidelines informed the
overall quality of the evidence score (low,
moderate, or high) and the strength of
recommendations.”

FIGURE
PRISMA flowchart of database and study selection
[ Identification of studies via databases and registers
SR
Records identified from:
5 Databases (n = 6202) Records removed before screening:
] - Medline (n = 4748) Duplicate records removed (n = 560)
© - WoS (n =286) > Records marked as ineligible by
= - Embase (n =1079) automation tools (n = 0)
s - Ovid (n =89) Records removed for other reasons
2 Reference checking (n = 192) (n=0)
Registers (n = 0)
—J
v
S
Records screened Records excluded
—>
(n =5834) (n=5798)
\ 4
Reports sought for retrieval Reports not retrieved
—
2 (n=36) (n=0)
=
Q
o
8 v
ReBorTs assessed for eligibility __ | Reports excluded (n = 25):
(n=36) Wrong population (n = 3)
Wrong intervention (n = 13)
Wrong outcome (n = 2)
Wrong language (n = 3)
Wrong publication type (n = 4)
—
\4

Studies included in review
(n=11)

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Data synthesis

Because the search resulted in only 5
RCTs (and only 2 had estimated blood
loss [EBL] as a primary outcome), the
decision was made to include non-
randomized studies to provide the most
comprehensive picture of available data.
Synthesis without meta-analysis in sys-
tematic review guidelines was consulted
to direct the reporting of data.'’ Studies
were grouped by intervention. When
reported by the authors, P values were
tabulated. In instances where this did not
occur, binary outcomes and rates were
reported. We elected not to combine
P values because of the methodology of
some studies and concern that this
would skew the actual magnitude of ef-
fect. In lieu of this, statistical analysis was
not performed, and all raw data were
presented in table form and included
study design, number of participants,
intervention specifics, and outcomes.

Results

Results of search

The database searches identified 6202
references, and our reference checking
identified an additional 192 references.
After removing 560 duplicates, we
screened 5834 references. We excluded
5798 references based on title/abstract
and reviewed 36 full-text documents.
There were 11 studies included and 25
studies excluded (Figure). Exclusion rea-
sons are detailed in Supplemental Table 1.

Included studies

We included 11 studies with 3857 par-
ticipants (Table)."'*' The 11 studies
were conducted in facilities located in
the United States, the United Kingdom,
and Holland, the cohort ranged from 28
to 1079 participants each. The inclusion
periods ranged from 1977 to 2019,
with 9 of 11 studies occurring in 2010 or
later. The results were available for most
interventions of interest, including
the uterotonic medications methyl-
ergonovine, oxytocin, and misoprostol
and the vasoconstrictive agents vaso-
pressin and lidocaine with epinephrine.
We did not identify articles related to 2
interventions of interest. Therefore, the
outcomes were not reported for carbo-
prost, a prophylactic uterotonic, or
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TABLE

Summary of findings for the use of prophylactic medications to prevent procedural hemorrhage at the time of dilation and evacuation

No. of
interventions comparisons

No. of

Primary
outcome

Secondary
outcomes®

Results

Gestational age  Dose and
Intervention Study Design (wk) route
Misoprostol Lyus etal,'’ Case series 18 0/7 to 21 6/7 400—800 ug 274
2013 PV°
Maurer Case series 17 0/71t0230/7 200—600 ug 1081
etal,'?2013 PV or buccal®
Ramesh Retrospective 14 0/7 to 156/7 400 ug
etal,” 2015 cohort buccal
Boraas RCT 16 0/7 t0 20 6/7 400 ug

etal,’* 2016 buccal

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.
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14

Immediate —
complication

rate (to include
hemorrhage)

Ability to

complete
procedure
same day

81 (osmotic Operative time EBL

dilators)

15 (placebo) Operative time EBL

Incidence of EBL of
>500 mL

No hemorrhage

EBL of >500 mL in 5
of 1081 patients
(0.46%)

- 1 case of
perforation at 18 wk
of gestation. Needed
blood transfusion and
hysterectomy

- 4 cases needed
reaspiration

- 1 case of DIC

EBL of 100 mL for all
procedures except 1
in the misoprostol
group with an EBL of
50 mL

EBL of 87.5 vs 100
mL (P=.04)

After controlling for
complications
(P=.47)

- 5 complications =
cervical lacerations

- 2 cases received
blood transfusions (in
the placebo group).
Of note, 1 group
needed embolization,
and the other group
needed hysterectomy

(continued)
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TABLE

Summary of findings for the use of prophylactic medications to prevent procedural hemorrhage at the time of dilation and evacuation (ontinued)

Gestational age  Dose and No. of

No. of Primary

Intervention Study Design (wk) route interventions comparisons outcome

Secondary
outcomes®

Results

Oxytocin Whitehouse Retrospective 14 0/7 to 24 0/7 10—60U IV 437
etal,">2017 cohort

Whitehouse RCT 180/7t0240/7 30UV 84
etal,'®2019

Vasopressin Schulz RCT <140/7t0 >19 4U 181
etal,'’ 1985 0/7 paracervical®

Crawford RCT 140/7t0196/7 4U 13
etal,'® 2007 paracervical

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.

293 (control) Incidence of
EBL of >250
mL

82 (placebo) Frequency of

interventions to Incidence of QBL of

control
bleeding

156 QBL
(placebo)

15 (placebo) Uterine artery
pulsatility index

Incidence of EBL of
>500 mL or
interventions for
bleeding

Total QBL

>1000 mL

EBL

EBL of >250 mL
12.3% vs 8.1%
(P=.15)

EBL of >500 mL
5.3% vs 1.4%
(P=.14)

Average EBL by
cohort

130.7 vs 116.2 mL
(P=.09)

Intervention for
bleeding

7.3% vs 16.7% (95%
Cl, —21.0t0 1.9)
Total QBL

152 vs 317 mL (95%
Cl, 71.6—181.5)
QBL of >1000 mL
1.0% vs 8.0% (95%
Cl, —17.4t0 —0.7)

<14 0/7 wk of
gestation

138 vs 147 (P>.5)
15—16 wk of
gestation

124 vs 205 (P<.001)
17—18 wk of
gestation

169 vs 316 (P<.001)
>19 wk of gestation
179 vs 400 (P<.05)

Total participant
median EBL of 96 mL
(IQR, 40—162)

(continued)
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TABLE

Summary of findings for the use of prophylactic medications to prevent procedural hemorrhage at the time of dilation and evacuation (ontinued)

Dose and No. of No. of Primary
Study (wk) route interventions comparisons outcome

Gestational age

Intervention Design

Secondary
outcomes®

Results

Methylergonovine van Lith Case series 14 0/7t0196/7 0.15mgIVor 636
etal,’” 1984 IM

Degree of
cervical dilation

RCT 200/7t0240/7 0.2mgIM°® 140 144

(placebo)

Kerns
etal,?’ 2021

Postprocedural
QBL

Other' Fairchild Retrospective 14 0/7 to 21 6/7 Varied based 106 EBL

etal,>' 2022 cohort on type

41 (control)

DIC, disseminated intravascular coagulation; EBL, estimated blood loss; /M, intramuscular; /V, intravenous; PV, per vagina; QBL, quantitative blood loss; RCT, randomized controlled trial.

EBL of >250 mL

Composite outcome
of postprocedural
QBL of >125 mL or
need for intervention
for bleeding

Incidence EBL of
>500 mL

Need for intervention
for bleeding

EBL of > 250 mLin9
of 636 patients
(1.4%)

No transfusions

Postprocedural QBL
126 vs 76 mL
(P=.02)

QBL of >125 mL
23% vs 16% (P=.1)
Blood transfusion
2% vs 0% (P=.1)
Additional uterotonic
administration

40% vs 30% (P=.07)
Balloon tamponade
14% vs 7% (P=.04)
Admission for
bleeding

3% vs 0% (P=.06)

Procedural EBL
336.9 vs 551 mL
(P<.01)

EBL of >500 mL
21.7% vs 51.2%
(P<.01)

2 Only secondary outcomes that met the inclusion criteria for this study are listed; ® Most participants also received a prophylactic uterotonic: IV oxytocin plus ergometrine (258/274 [94.16%)]), IV oxytocin (6/274 [2.19%]), and additional misoprostol (1/274 [0.36%)]);
¢ Redosed every 2 hours as needed for adequate cervical dilation; ¢ All participants, in both arms, received methergine 0.2 mg intracervical administration at the end of the procedure; © All participants, in both arms, received vasopressin 4 U in paracervical block
before the procedure; ' Composite of multiple types of uterotonics: methylergonovine (n=73), Pitocin (n=30), vasopressin with lidocaine (n=23), vasopressin (n=11), misoprostol (n=11), lidocaine with epinephrine (1=9), carboprost (n=3), vasopressin with

lidocaine and epinephrine (n=1), and other (n=1).

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.
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tranexamic acid,
medication.

an antifibrinolytic

Misoprostol (uterotonic)

There were 4 studies evaluating the use
of misoprostol, none of which evaluated
hemorrhage as a primary outcome. The
GRADE quality of evidence for this
medication was low (Supplemental
Table 2). The 2012 case series by Lyus
et al'' evaluated prophylactic misopros-
tol use for 274 D&Es performed between
18 0/7 and 21 6/7 weeks of gestation.
Doses of misoprostol varied between 400
and 800 ug. More than 95% of in-
dividuals received an additional pro-
phylactic medication, most frequently
intravenous oxytocin with ergometrine.
There was no hemorrhage reported.

Maurer et al'* evaluated the outcomes
after misoprostol was administered for
cervical preparation preoperatively. This
retrospective case-series analyzed 1081
patients who underwent D&E at a single
clinic between 17 and 23 weeks of
gestation who received single-day miso-
prostol cervical preparation at various
doses ranging from 200 to 600 ug. Blood
loss exceeding 50 mL was noted in 5
cases. Furthermore, 4 cases required
reaspiration, and 1 case of uterine
perforation required blood transfusion
and ultimately a hysterectomy. The use of
additional uterotonics was not reported.

The retrospective cohort study by
Ramesh et al'’ compared misoprostol
(alone) administered 1 to 3 hours pre-
operatively with overnight osmotic di-
lators in 145 women presenting for D&E
between 14 0/7 and 15 6/7 weeks of
gestation. Misoprostol was only offered
on days when the clinic could accom-
modate a longer waiting time with
misoprostol compared with mechanical
dilators. The EBL was the same for all
procedures (100 mL) except for 1 pro-
cedure in the misoprostol cohort (50
mL).

The RCT by Boraas et al'* randomized
29 patients between 16 0/7 and 20 6/7
weeks of gestation to receive either
vaginal misoprostol and preoperative
dilators or placebo and preoperative di-
lators before their D&Es. The authors
found that EBL was greater in the pla-
cebo arm than in the intervention arm

(median EBL of 100.0 mL [interquartile
range (IQR), 75.0—300.0] vs 87.5 mL
[IQR, 50.0—100.0]; P=.04). This trial
was stopped early because of safety
concerns after 2 serious adverse events in
the placebo group: a cervical laceration
requiring blood transfusion and subse-
quent uterine artery embolization and a
cervical laceration requiring a hysterec-
tomy. The analysis was repeated after
controlling for complications (5 cervical
lacerations), and the difference in me-
dian blood loss between the groups was
not significant (P=47).

Oxytocin (uterotonic)
Of note, 2 included studies analyzed
oxytocin, a retrospective study by
Whitehouse et al'” comparing prophy-
lactic oxytocin with no intervention and
an RCT also by Whitehouse et al'®
comparing prophylactic oxytocin with
placebo. These sequential studies provide
high-quality evidence (Supplemental
Table 2). The retrospective review
analyzed the effect of prophylactic
oxytocin on blood loss during 730 D&Es
between 14 and 26 weeks of gestation and
found no difference in EBL of >250 mL
between the groups (12.3% vs 8.1%,
respectively; P=15). In addition, the
secondary outcomes of EBL of >500 mL
and average EBL were not different."”
After conducting their 2017 retro-
spective review, Whitehouse et al't
performed a double-blinded RCT,
randomizing 160 participants undergoing
D&E between 18 and 24 weeks of gesta-
tion to receive placebo or prophylactic
oxytocin before their procedure. Using a
standardized treatment algorithm for
providers, they found no difference in the
primary outcome of frequency of in-
terventions to control bleeding, 7.3% in
the oxytocin group vs 16.7% in the
placebo  group (95%  confidence
interval, —21 to 1.9). Regarding their
secondary outcomes, they found that the
oxytocin group had a lower median blood
loss and a lower incidence of hemorrhage
of >1000 mL than the placebo group.

Vasopressin (vasoconstrictive agent)

Of note, 2 RCTs compared prophylactic
vasopressin  containing paracervical
block with placebo at the start of D&E.
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The evidence provided by these studies
was of moderate quality (Supplemental
Table 2). Schulz et al'” randomized 337
patients to receive either placebo (20 mL
of 1% mepivacaine) or vasopressin
(4 units diluted in 20 mL of 1% mepi-
vacaine). The vasopressin group experi-
enced significantly less blood loss than
the placebo group, with larger differ-
ences in blood loss noted as gestational
age increased. The frequencies of blood
loss >500 mL were 1.7% in the vaso-
pressin group and 8.4% in the placebo
group (P=004), with no considerable
difference in adverse side effects between
the groups. Of note, all patients in both
arms also received prophylactic methyl-
ergometrine administered at the end of
the procedure.

A later RCT by Crawford et al'® ran-
domized 35 patients to a saline para-
cervical block with and without
vasopressin before D&E to assess for
differences in Doppler waveforms. The
overall study procedural blood loss was
reported as 96 mL (IQR, 40—162). The
results were not stratified by study arm,
and the demographic details were not
reported. The authors were contacted to
obtain further information about blood
loss specifically, but this data was un-
available as this was not the primary aim
of the study.

Methylergonovine (uterotonic)

Of note, 2 studies examined the pro-
phylactic use of methylergonovine. The
overall quality of the evidence is high
(Supplemental Table 2) but is driven by a
single RCT, so it must be taken in the
context of that specific patient popula-
tion. A case series by van Lith et al"’
examined 636 participants between 14
and 19 weeks of gestation who received
prophylactic ergonovine before D&E. All
patients received a paracervical block
using 1% lidocaine with epinephrine. Of
note, 9 individuals (1.4%) experienced
an EBL of >250 mL. No transfusion was
required.

Kerns et al’’ randomized participants
undergoing D&Es between 20 and 24
weeks of gestation to receive either pro-
phylactic methylergonovine maleate 0.2
mg or 1 mL of saline placebo. The au-
thors found that the mean
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postprocedural blood loss was higher in
the methylergonovine group than in the
placebo group. Balloon tamponade was
more common in the methylergonovine
group than in the placebo group. Among
abortions occurring between 22 and 24
weeks of gestation, additional uterotonic
medication administration was more
frequent in the methylergonovine group
than in the placebo group (47% vs 31%,
respectively). The rates of blood trans-
fusion and need for admission were
similar. Participants in both study arms
received a vasopressin containing para-
cervical block.

All uterotonics

Finally, Fairchild et al’! screened 147
D&Es between 14 and 22 weeks of
gestation to assess the association be-
tween blood loss and the use of pro-
phylactic antihemorrhagic medications.
Prophylactic  medications included
vasoconstriction agents (lidocaine and
vasopressin) and uterotonics (methyl-
ergonovine, carboprost, oxytocin, and
misoprostol). Prophylactic antihemor-
rhagic medications were used in
72.1% of D&E procedures analyzed
and were associated with lower EBL
than no medication and decreased the
incidence of EBL of >500 mL during
the operation. The results were not

stratified by type of intervention
received.
Synthesis of results

A meta-analysis was intended but was
ultimately not performed because of the
small number of studies meeting the
inclusion criteria and the high hetero-
geneity of the included studies. The
quality and risk of bias for each study are
presented in Supplemental Tables 3 and
4, and the overall quality of evidence for
each medication 1is presented in
Supplemental Table 2. Most studies did
not control for demographic and clinical
variables, such as gestational age or body
mass index (BMI), when reporting out-
comes. Only 4 of 11 studies evaluated
blood loss as their primary outcome.

Nevertheless, the included studies
produced some clinically relevant
observations.

Discussion

Principal findings

Misoprostol

Regarding the use of prophylactic miso-
prostol, the studies evaluating its use
were mainly focused on the efficacy of
cervical preparation, with blood loss
being a secondary outcome. Of the 1433
patients who received misoprostol
before their procedure, only 5 had a
documented blood loss of >500 mL.
Although the Lyus case series blood loss
results were somewhat confounded by
the administration of additional utero-
tonic medications in most of their pa-
tients, the Maurer case series did not
have this issue. These findings raise the
question of whether misoprostol for
cervical preparation is sufficient to pre-
vent excessive procedural bleeding.
Given the methodologic issues of the
studies taken as a whole, the benefits of
using prophylactic misoprostol to pre-
vent hemorrhage at the time of D&E
remains unclear.

Oxytocin

The use of oxytocin to prevent excessive
procedural blood loss has been rigor-
ously evaluated by the Whitehouse
groups. Retrospective analysis initially
showed that EBL was similar in in-
dividuals in receipt of preprocedural
oxytocin compared with those who did
not receive the medication. This was not
demonstrated in their subsequent ran-
domized trial, in which EBL was lower in
the oxytocin group than in the placebo
group. However, the frequency of in-
terventions to control bleeding was not
different between the groups. Therefore,
the statistical differences in measured
blood loss may not have a true clinical
effect. Moreover, the results were not
stratified by gestational age at the time of
the procedure.

Vasopressin

The use of prophylactic vasopressin to
prevent blood loss is supported by the
1985 Schulz et al'’ RCT."” When the
authors stratified by gestational age, they
observed larger mean differences in
blood loss as gestational age increased.
The rates of transfusion or other in-
terventions were not evaluated. Thus,
the true clinical significance of these

differences is unclear. In addition, the
results might be somewhat obscured by
the concomitant use of methergine in all
participants. Of note, the gestational
ages evaluated in these studies were, on
average, lower than those evaluated in
the studies of other uterotonics.
Methylergonovine

The case series conducted between 1977
and 1978 noted in EBL of >250 mL in
<2% of the 636 individuals.”” Of note,
most individuals included were between
14 and 16 weeks of gestation. In contrast,
an RCT evaluating methylergonovine
assessed individuals between 20 and 24
weeks of gestation and demonstrated
increased blood loss in the intervention
group compared with the placebo group.
In addition, the methergine group was
more likely to need additional treatment
uterotonics, require blood transfusion,
or need subsequent admission. These
findings raise concerns regarding the
safety of this medication when used for
bleeding prophylaxis.

This review identified several knowl-
edge gaps that future research should
address. Most notably, misoprostol
needs to be examined to prevent
bleeding primarily as opposed to a sec-
ondary effect of cervical preparation,
vasopressin deserves more individual-
ized attention without confounding
from other uterotonics, and all studies
need to stratify outcomes by gestational
age.

Comparison of existing literature

This systematic review examines pro-
phylactic uterotonics, antifibrinolytic
medications, and vasoconstrictive agents
in the prevention of hemorrhage during
second-trimester abortions. Our find-
ings from this systematic review align
with  existing data and societal
recommendations.

In 2023, the Society of Family Plan-
ning (SFP) published clinical recom-
mendations on the management of
hemorrhage at the time of D&E.” One of
their ~ strongest  recommendations
(GRADE 1A) is to avoid the prophylactic
use of methylergonovine for second-
trimester abortions between 20 and 24
weeks of gestation. This sentiment is
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echoed by the National Abortion
Federation (NAF).*? Historically, up to
64% of abortion providers reported the
prophylactic use of methylergonovine in
second-trimester abortions.” Given the
robust data published by Kerns et al”’
demonstrating increased procedural
blood loss with the medication in abor-
tions between 20 and 24 weeks of
gestation, we would expect the current
practice to take this into account and
avoid the use of prophylactic methyl-
ergonovine at this gestational age.

The only other GRADE 1A recom-
mendation from the SFP is the use of
prophylactic oxytocin “in settings where
increased bleeding is of concern,” a result
of the decreased blood loss observed in
the Whitehouse trial. NAF advocated for
the consideration of prophylactic
oxytocin specifically in procedures from
18 to 24 weeks of gestation, given that
these were the individuals included in
the Whitehouse trial. Again, translating
decreased blood loss from prophylactic
oxytocin into reduced incidence of out-
comes, such as blood transfusion, has
not been proven. Future studies could
delineate blood loss and the need for
transfusion according to gestational age
or other risk factors to help target at-risk
individuals.

The routine use of intracervical vaso-
pressin is recommended by the SFP
(GRADE 1B) and is optional per the
NAF guidelines. As in the case of
oxytocin, although the 1985 RCT
demonstrated decreased blood loss with
the use of intracervical vasopressin,
other metrics were not analyzed.

Strengths and limitations
This review provides an up-to-date,
comprehensive literature review of 5
major databases. The results are limited
by the number of trials meeting the in-
clusion criteria and the heterogeneity
among studies. The quality of included
studies varied greatly, impeding the
ability to draw strong conclusions. Most
studies did not examine their results
according to gestational age, BMI, or
other factors likely to affect the rates of
bleeding.

A limitation of this review was that
blood loss was not the primary outcome

in 9 of 11 studies. This inhibits the power
of the studies in detecting differences
between groups and inhibiting compar-
isons. There was a lack of standardiza-
tion in the definition of hemorrhage and
the techniques for quantifying blood
loss. The SFP and the American College
of Obstetricians and Gynecologists
(ACOG) recognize this issue and have
proposed that, in the setting of D&E,
blood loss of >500 mL should be
considered a hemorrhage. In addition,
any clinical response to control bleeding,
despite measured blood loss, should
qualify as a hemorrhage."” The ACOG’s
recommendation to use graduating
drapes and other weighing measures to
quantify blood loss at the time of
obstetrical deliveries may cause practice
shifts, such that these techniques are also
used in gynecologic surgeries.” If so,
these techniques could allow for more
accurate measurements of blood loss in
future studies.

This review aimed to evaluate all pro-
phylactic uterotonics, antifibrinolytics,
and vasoconstrictive agents in the pre-
vention of hemorrhage in second-
trimester abortions. Only uterotonics
and  vasoconstrictive  agents  were
included in the review as no study was
identified that examined antifibrinolytic
medications, such as tranexamic acid,
and prophylactic agents in the setting of
abortions. More data are needed to
examine the role of antifibrinolytics in
preventing hemorrhage during abortion.
Of note, researchers from the University
of Hawaii have completed data collection
in a clinical trial evaluating the prophy-
lactic use of tranexamic acid during
second-trimester abortions between 16
and 24 weeks of gestation.”* In addition
to this anticipated future publication,
more data are needed to examine the role
of antifibrinolytics in preventing hemor-
rhage during abortion.

The use of halogenated anesthetic
gases and nonpharmacologic measures,
such as ultrasound guidance, was outside
the scope of this review. A previous sys-
tematic review and meta-analysis has
already demonstrated that halogenated
anesthetic gases lead to atony, which
increases the risk of hemorrhage in
D&E.”” The RCT by Whitehouse et al'®
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noted that halogenated gases were used
for some but not all participants. This
practice is likely the case for many of the
other included studies in this systematic
review and, therefore, could have
confounded the results.

Conclusions and implications

There are limited studies evaluating
pharmacologic interventions for pre-
venting hemorrhage during second-
trimester surgical abortions or D&Es.
Opverall, information on the efficacy of
pharmacologic agents in preventing
hemorrhage in second-trimester abor-
tions is limited, particularly when eval-
uating individual agents. Misoprostol
has been evaluated for its role in cervical
preparation. However, its role in pro-
phylaxis to prevent hemorrhage during
D&E remains unclear. Although
oxytocin and vasopressin may reduce
blood loss, there was not been any
demonstrated effect on clinical out-
comes, such as the need for transfusion
or other interventions. Larger differen-
tials in study outcomes that are stratified
by gestational age suggest that the
magnitude of effect is greater as gesta-
tional age increases. As there was no trial
evaluating the efficacy of 1 medication
over another, no conclusion can be made
about the optimal prophylactic medica-
tion for clinicians to use. In the case of
methylergonovine, the strongest avail-
able evidence indicates that the use of the
medication as a prophylactic measure is
harmful.
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SUPPLEMENTAL FIGURE
Search strategies
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hylaxis[tiab]) OR Carboprost OR {carboprost i[tiab]} OR {carb th } OR Cytotec(tiab] OR d P [tiab] OR dicar: OR (D d
ImravascuthoagdanmbOR‘ hrine OR + bate[tiab] OR H OR Lidocaine OR {*Lidocaine epinephrine® [tiab:~2]} OR Methergine[tiab] OR {methyleng
leate[tiab]} OR Methylerg OR Mk 1 OR Oxytocin OR {paracervical block[tiab]} OR {paracervical injection[tiab]} OR Pitocin[tiab] OR {prophylactic uterotonics[tiab]} OR
{Tranexamic Acid] OR {Uterine Artery Embolization} OR {Uterine Balloon Tamponade} OR {uterotonic agent[tiab]} OR {Vacuum Curettage} OR (Vacuum Extraction, Obstetrical) OR
7 {vasoconstrictive agent® [tiab]) OR {vasoconstrictor agent* [tiab]) ORV [tiab] OR Vasop 497455
6 #1AND #2 AND #3 AND #4 232
3 Abortion OR [Abortion Applicants) OR {Abortion, Induced) OR {Abortion, Septic) OR {Abortion, Th ) OR L OR("second abortion” [tiab:~3]) 12,268

bleeding[tiab] OR [bleeding issues[tiab]} OR {blood loss(tiab]) OR (Blood Loss, Surgical) OR {Blood Transfusion] OR complication[tiab] OR Death OR haemorrhage[tiab] OR
Hemorrhage OR (“hemorrhag® rates®[tiab:~2]} OR Hospitalization OR Hysteractomy OR (intensive care unit[tiab]} OR {Intensive Care Units} OR {Intraoperative Complications) OR

{Maternal Mortality} OR {post ab [tiab]} OR { complication[tiab]} OR {Postoperative Complications) OR {Postoperative Hemorrhag* [tiab]} OR (post-operative
hemarrhag* [tiab]) OR {Postpartum Hemorrhage / prevention & control) OR {Postpartum Hemorrhage) OR {post-procedural b rhage[tiab]} OR {post-proced
h rhage[tiab]} OR (Preg: y Complications) OR {Pregnancy Complications, Hematologoc)ORReopefahmORre—operahm[ﬁablOR(transfenohgherlwelofcare[nab])OR
2 { bleeding p [tiab]} OR{ o [tiab]} OR {Uterine t hage} OR (Uterine P 767,484
{"adrenalin lidocaine” [tiab:~2]} OR {antifibrinolytic agent[tiab]} OR {Antifibrinolytic Agents] OR {antifibrinolytic medic [tiab]} OR {Balloon Occlusion) OR (bleeding
prophylaxis[tiab]} OR Carboprost OR {carb i[tiab]} OR {carb th } OR Cytotec[tiab] OR d [tiab] OR dicarbaoxytocin OR (D d
Intravascular Coagulation} OR Epinephrine OR + bate[tiab] OR t OR Lidocaine OR {" Lidocaine epinephrine® [tiab:~2]] OR Methergine[tiab] OR {methyleng
[tiab]) OR Methylerg OR Misop OR Oxytocin OR {paracervical block[tiab]} OR {paracenvical injection|tiab]} OR Pitocin[tiab] OR |prophylactic [tiab]) OR
{Tranexamic Acid) OR {Utenine Artery Embolization] OR {Uterine Balloon Tamponade) OR {uterotonic agent[tiab]) OR (Vacuum Curettage} OR (Vacuum Extraction, Obstetricall OR
1 {vasoconstrictive agent® [tiab]} OR {vasoconstrictor agent® [tiab]} OR Vasc [tiab] OR V. 15391
EMB REVIEWS
No. Query Results
{adrenalin plus lidocaine or antifibrinolytic agent or Antifibrinolytic Agents or antifibrinolytic medication or Balloon Occh bleeding hylaxis or Carboprost or
P or Cytotec or d or dicarbaoxytocin or Di ular ik or Epinephrine or or or
Lidocaine or Lidocaine with epinep or Methergine or methyk ( X or Methy ine or Oxytocin or paracervical block or paracervical injection
or Pitocin or prophylacth orT Acid or Uterine Artery Embolization or Uterine Balloon Tamponade or uterotonic agent or Vacuum Curettage or Vacuum
1 Extraction, Ob lor agents or tor agent or or'y }.mp. [mp=ti, ot, ab, tx, kw, ct, sh, fx, hw] 41660
b\eedﬂgaueedugmmbbodbssormoodm Surgical or Blood Transfusion or complication or Death or b rehage or t hage orh rhage rates or
or Hys! or e care unit or Care Units or | e C or M 1 Mortality or post ab X or
P ve Compl or P H rrhage or past- b hage or I Hy rh Postpartum He rrhage or post dural
h rhage or post- dure h hage or Preg: Compiications or Pregnancy Complications, | logic or R or or transfer to higher level of care
2 | or uterine bleeding pattern or uterine complication or Uterine rhage or Uterine Perfi }.mp. [mp=ti, ot, ab, tx, kw, ct, sh, fx, hw] 309210
{Abortion or Abortion Applicants or Abartion, Induced or Abortion, Septic or Ab T or D or second or preg ¥ mp. [mp=ti, ot,
3 ab, tx, kw, ct, sh, fx, hw] 17352
4 Pregnancy Trimester, Second.mp. [mp=ti, ot, ab, tx, kw, ct, sh, fx, hw] 860
5/land2and3andd 89

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.

JANUARY 2025 American Journal of Obstetrics & Gynecology 81.e2

Descargado para Irene Ramirez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en enero 23,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://www.AJOG.org

Systematic Reviews

ajog.org

SUPPLEMENTAL FIGURE
Continued

EMBASE

5
#4

#3

#2

#1

No. Query

#1 AND #2 AND #3 AND #4

pregnancy AND trimester, AND second

abortion OR {abortion AND applicants) OR {abortion, AND induced] OR (abortion, AND septic) OR {abortion, AND therapeutic) OR dilatation OR 'second trimester abortionabti OR
{pregnancy AND termination)

bleeding:ab,ti OR {bleeding AND ssues:ab,ti] OR (blood AND loss:ab,ti} OR {blood AND loss, AND surgical) OR {blood AND transfusion) OR complication:ab,ti

OR death OR haemorrhage:ab,ti OR hemaorrhage OR “hemorrhag$ rates™:ab,ti OR hospitalization OR hysterectomy OR (intensive AND care AND unit:ab,tij OR

{intensive AND care AND units} OR {intraoperative AND complications) OR (maternal AND mortality) OR {post AND abortion:ab,ti} OR (postoperative AND complication:ab,ti) OR
{postoperative AND complications) OR (postoperative AND hemorrhag$:ab,ti} OR ('post operative’ AND hemorrhag$:ab,ti) OR

{postpartum AND hemaorrhage AND prevention AND control) OR {postpartum AND hemarrhage) OR {'post procedural' AND hemaorrhage:ab,ti) OR {'post

procedure’ AND hemorrhage:ab,ti) OR {pregnancy AND complications} OR {pregnancy AND complications, AND hematalogic) OR reoperation OR ‘re operationabti OR

{transfer AND to AND higher AND level AND of AND care:ab,ti} OR {uterine AND bileeding AND pattern:ab,ti) OR {uterine AND complication:ab,ti} OR {uterine AND hemorrhage} OR
{uterine AND pearforation)

adrenalin lidocaine”:ab,ti OR {{'antifibrinolytic'/exp OR antif tytic) AND agent:ab,ti) OR {('antifibrinolytic’/exp O R antifibrinolytic) AND agents) OR {{"antifibrinolytic'/exp

OR antifibrinofytic) AND medication:ab,ti} OR {{"balloon’/exp OR balloon] AND {'occlusion’{exp OR occlusion]) OR ({"bleeding’/exp OR bleeding| AND prophylaxis:ab,ti)

OR "carboprost’/exp OR carboprost OR ({'carboprost’/exp OR carboprost) AND trc ol:ab,ti) OR ({'carboprost'/exp OR carboprost] AND {"tromethamine’/exp

OR tromethamine}} OR cytotec:ab,ti OR desmopressin:ab,ti OR dicarbacoytocin OR {d ted AND ular AND (% L 'fexp OR coagulation)) OR "epinephrine’/exp
OR epinephrine OR hemabate:ab,ti OR "hemaostatics’fexp OR hemostatics OR lidocaine’/exp OR lidocaine OR "lidocaine epinephrine”ab,ti OR metherg btOR

{{'methylerg "fexp OR methylergometrine) AND mak ab,ti} OR ‘methylerg "fexp OR methylerg ve OR ‘misop Ifexp OR i OR "omytocin’/exp
OR oxytocin OR {paracervical AND block:ab,ti) OR {paracervical AND injection:ab,ti) OR pitocin:ab,ti OR {prophylactic AND uterotonics:ab,ti) OR {tranexamic AND {"acid'/exp
ORacd)) OR {{"uterine’/exp OR uterine} AND ["artery’/exp OR artery} AND ("embolization’/exp OR emboiization]} OR {{"uterine’/exp OR uterine} AND {"balloon’/exp OR balloon] AND
{‘tamponade’/exp OR tamponade]} OR {uterotonic AND agent:ab,ti) OR {{vacuum'fexp OR vacuum| AND (‘curettage’/exp OR curettage]} OR {{vacuum’/exp OR vacuum] AND
{"extraction,’fexp OR extraction,] AND obstetricall OR {vasoconstrictive AND agent5:ab,ti) OR {{'vasoconstrictor’/exp O R vasoconstrictor] AND agent$:ab,ti] OR vasopressin:abti

OR vasop ‘fexp OR P

Web of Science

Results
1079
45342

331828

4,425260

1,036,582

5 #4 AND #3 AND #2 AND #1
4 Pregnancy Trimester, Second

Abortion OR (Abortion Applicants) OR (Abortion, Induced) OR {Abortion, Septic) OR (Abortion, Therapeutic) OR Dilatation OR (second trimester abortion)
3 OR (pregnancy termination)

bleeding OR (bleeding issues) OR (blood loss) OR (Blood Loss, Surgical) OR (Blood Transfusion) OR complication OR Death OR haemorrhage OR Hemorrhage

OR (hemorrhage rates) OR Hospitalization OR Hysterectomy OR (intensive care unit) OR (Intensive Care Units) OR (Intraoperative Complications) OR

(Maternal Mortality) OR (post abortion) OR (postoperative complication) OR (Postoperative Complications) OR (Postoperative Hemorrhage) OR (post-
operative hemorrhage) OR (Postpartum Hemorrhage prevention) OR (Postpartum Hemorrhage) OR (post-procedural hemorrhage) OR (post-procedure
hemorrhage) OR (Pregnancy Complications) OR (Pregnancy Complications, Hematologic) OR Reoperation OR re-operation OR (transfer to higher level of

care) OR (uterine bleeding pattern) OR (uterine complication) OR (Uterine Hemorrhage) OR (Uterine Perforation) 2,

~

(adrenalin lidocaine) OR (antifibrinolytic agent) OR (Antifibrinolytic Agents) OR (antifibrinolytic medication) OR (Balloon Occlusion) OR (bleeding

prophylaxis) OR Carboprost OR (carboprost trometamol) OR (carboprost tromethamine) OR Cytotec OR desmopressin OR dicarbaoxytocin OR

(Disseminated Intravascular Coagulation) OR Epinephrine OR Hemabate OR Hemostatics OR Lidocaine OR (Lidocaine epinephrine) OR Methergine OR

(methylergometrine maleate) OR Methylergonovine OR Misoprostol OR Oxytocin OR (paracervical block) OR (paracervical injection) OR Pitocin OR

(prophylactic uterotonics) OR (Tranexamic Acid) OR (Uterine Artery Embolization) OR (Uterine Balloon Tamponade) OR (uterotonic agent) OR (Vacuum
1 Curettage) OR (Vacuum Extraction, Obstetrical) OR (vasoconstrictive agents) OR (vasoconstrictor agent) OR Vasopressin OR Vasopressins

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.

No. Query Results

286
15,909

106,838

707,497

156,883

81.e3 American Journal of Obstetrics & Gynecology JANUARY 2025

Descargado para Irene Ramirez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en enero 23,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


http://www.AJOG.org

SUPPLEMENTAL TABLE 1
Reasons for study exclusion at
full-text evaluation stage

Reason for noninclusion References

Wrong intervention 1-13
Conference presentation 14—16

Review article 17
Wrong language 18—20
Wrong outcome 21,22
Wrong population 23—25

Hunkler. Pharmacologic hemorrhage prophylaxis in
second-trimester  abortions.  Am ]  Obstet
Gynecol 2025.

SUPPLEMENTAL TABLE 2
GRADE evidence profile for the use of prophylactic medications to prevent procedural hemorrhage at the time of
dilation and evacuation

Prophylactic No. of participants  Risk of Other Quality of evidence
medication (studies) bias Inconsistency Indirectness Imprecision considerations (GRADE)
Oxytocin 896 (2 studies) Not Not serious Not serious  Not serious  None High
serious DPPP
Misoprostol 1529 (4 studies) Serious  Serious Serious Serious None Low
oD
Methergine 920 (2 studies) Not Not serious Not serious  Not serious None High
serious DPPP
Vasopressin 365 (2 studies) Serious  Serious Not serious  Serious None Moderate
DDD

GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.
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SUPPLEMENTAL TABLE 3

Quality Assessment Scale

Quality and risk-of-bias assessment in included observational studies using the modified Newcastle-Ottawa

# Low, up to 5 points; medium, 6 to 7 points; and high, 8 to 9 points.

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am ] Obstet Gynecol 2025.

QOutcome or
First author and year Selection Comparability exposure Total Quality®
van Lith et al,*® 1984 1 2 2 5 Low
Maurer et al,”” 2013 1 1 2 4 Low
Lyus et al,?® 2013 1 1 1 3 Low
Ramesh et al,>® 2015 3 1 2 6 Medium
Whitehouse et al,*° 2017 3 2 3 8 High
Fairchild et al,*' 2022 2 1 3 6 Medium

SUPPLEMENTAL TABLE 4

bias tool

Risk-of-bias domains

Quality and risk-of-bias assessment in included randomized controlled trials using the revised Cochrane risk-of-

First author and year ~ Randomization
process (selection

Deviations from intended
intervention (performance

Measurement of

outcome (detection

Hunkler. Pharmacologic hemorrhage prophylaxis in second-trimester abortions. Am J Obstet Gynecol 2025.

Missing outcome  Selection of Overall

data (attrition
bias)

bias) bias) bias)

Schulz etal,*> 1985  ? + + +

Crawford et al,* 2007 + ? + _
Boraas et al,®* 2016 + ? ? +

Whitehouse etal,”>  + + + +

2019

Kerns et al,*® 2021 + + + +

The “+" symbol indicates low risk of bias, the “?” symbol indicates some concerns, and the “ —" symbol indicates high risk of bias.

reporting

(reporting bias)

? ?
? ?
? ?
+ +
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