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Objective
This study aimed to verify the utility of simple, safe, and effective venous thromboembolism (VTE) prophylaxis and
implement it with few adverse events during cesarean delivery.

Methods

This single-center, prospective study involved pregnant women who underwent cesarean deliveries from August 3,
2020 to March 31, 2022. Patients with VTE risk factors were initially administered unfractionated heparin (5,000 inter-
national unit [IU] subcutaneously, twice daily), 6 hours after cesarean delivery. Subsequently, they were administered
enoxaparin (2,000 IU subcutaneously, twice daily). They were not administered anticoagulants if one or more of the
exclusion criteria were met. The primary efficacy outcome was the incidence of symptomatic VTE. The primary safety
outcome was the incidence of major bleeding.

Results

Out of the 850 women eligible for this study, 551 (64.9%) had one or more VTE risk factors and 299 (35.1%) had no
risk factors. Of the 551 women with one or more VTE risk factors, 15 met one or more exclusion criteria for enoxapa-
rin administration. A total of 314 women received only perioperative mechanical prophylaxis, including 15 who met
the exclusion criteria for anticoagulants and 299 without VTE risk factors. During implementation of the protocol,
no woman developed symptomatic VTE after cesarean delivery. Major bleeding occurred in only one woman who re-
ceived postoperative anticoagulants.

Conclusion
This protocol, which clarified the administration of anticoagulants according to VTE risk factors and dose reduction/
discontinuation criteria, may be an effective and safe VTE prophylaxis for cesarean deliveries.
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Introduction creased, a corresponding increase in complications and high-
risk cesarean deliveries are expected. Therefore, it is impor-
Venous thromboembolism (VTE) consists of pulmonary

thromboembolism (PE) and deep venous thrombosis (DVT).
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tant to implement further measures to prevent postoperative
VTE and reduce maternal mortality. Over the past decade,
we have developed at our institution, a strategy for preop-
erative VTE screening in patients undergoing gynecologic
surgery using serum D-dimer measurements and lower ex-
tremity venous ultrasonography [6]. However, serum D-dimer
levels in pregnant women are significantly higher than those
in non-pregnant women; furthermore, in contrast to that of
non-pregnant women, the cutoff value for VTE for pregnant
women is unclear. Therefore, preoperative screening for DVT
is not available for women undergoing cesarean delivery.

Meta-analyses have not confirmed the efficacy of antico-
agulants for the prevention of VTE after cesarean delivery
compared to no treatment [7]. Therefore, the American Col-
lege of Chest Physicians (ACCP) guidelines of 2012 recom-
mended postoperative prophylaxis for VTE and additional risk
factors during cesarean delivery [8]. Intermittent pneumatic
compression (IPC) while wearing elastic stockings (ES) or
anticoagulant therapy has been used to prevent thrombosis.
Anticoagulant therapy via drug administration is extremely
effective for preventing VTE compared to physical prophylax-
is; however, the risk of adverse events, such as bleeding and
hematoma formation, remains. Therefore, the ACCP guide-
lines of 2012 suggest that mechanical prophylaxis, including
IPC, can also be used for VTE prophylaxis without anticoagu-
lant therapy [8].

Postpartum anticoagulant therapy, including unfraction-
ated heparin (UFH), should be initiated 6 to 12 hours after
cesarean delivery [9]. Although in Japan, low-molecular-
weight heparin (LMWH) and selective factor Xa inhibitors
(fondaparinux) are only approved for use 24 hours after sur-
gery.

When administering anticoagulants, patients should be
closely monitored for the occurrence of postoperative bleed-
ing. To address this concern, an elective and individualized
VTE prophylaxis strategy-was designed for cesarean deliveries
that did not undergo preoperative DVT screening. This strat-
egy determines whether mechanical prophylaxis or additional
anticoagulants should be used based on the individual’s risk
factors for VTE. Additionally, to avoid the complications of
severe bleeding, exclusion criteria and dose reduction/dis-
continuation criteria for anticoagulants should be examined.
Therefore, we established a perioperative VTE prevention
program for cesarean deliveries. This study aimed to imple-
ment and verify the utility of a simple, safe, and effective VTE
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prophylaxis with few adverse events during cesarean delivery.

Materials and methods

1. Study design

This single-center, prospective study included pregnant
women who underwent cesarean delivery at the Department
of Obstetrics, Nara Medical University Hospital, Kashihara,
Japan.

2. Study population and study procedure

From August 3, 2020 to March 31, 2022, 2,509 deliver-
ies were performed at our hospital. During this period, 856
(34.1%) women underwent cesarean deliveries at our insti-
tution.

3. Risk factors for VTE

Risk factors for VTE were defined as follows: maternal age,
35 years or older; body mass index, 27 kg/m” or more before
cesarean delivery; multiple pregnancies; long-term bed rest
(>48 hours before cesarean delivery); thrombophilia; history
of VTE or family history of VTE; antiphospholipid antibody
positivity; hypertensive disorders of pregnancy; and severe
varicose veins of the lower extremities (Fig. 1).

4. Administration of anticoagulants

The anticoagulant dosing schedule is shown in Fig. 2. Pa-
tients initially received UFH (5,000 international unit [IU]
subcutaneously, twice daily) 6 hours after cesarean delivery,
and this was continued for 24 hours. Subsequently, they
were administered LMWH (enoxaparin; 2,000 IU subcutane-
ously, twice daily) for 5 days. IPC and ES were placed on the
patients’ legs at the beginning of cesarean delivery and worn
continuously postoperatively until the patients were ambula-
tory. In the Japanese drug package insert for enoxaparin, the
dose of enoxaparin should be reduced or it should not be
administered to patients with a creatinine clearance of 50
mL/min or low body weight, as these patients have increased
blood levels of enoxaparin. Anticoagulants were not admin-
istered if one or more of the exclusion criteria were met (Fig.
1). When one dose reduction criterion for anticoagulants
was applicable, the dose of enoxaparin was reduced, and it
was administered subcutaneously (2,000 IU once daily for 5
days). When two or more of the dose reduction criteria were
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Recruited patients (cesarean delivery patients; n=856)

\ 4

Deep venous thrombosis diagnosed; (n=6)

\ 4
Enrolled patients (n=850)

v
VTE risk factors
) Maternal age >35 years
) Obesity (BMI >27 kg/m?)
) Multiple pregnancy
4) Long term bed rest (>48 hours before cesarean section)
) Thrombophilia
)
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Previous history of venous thromboembolism or family history of thromboembolism
Antiphospholipid antibody positive

Hypertensive disorders of pregnancy

Severe varicose veins of the lower extremities

v v

One or more applicable (n=551) Not applicable (n=299)

5
6
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N
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ES+IPC (n=299) —
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Exclusion criteria for anticoagulants

1) Active bleeding (intra-abdominal, intracranial or in other vital organs)

2) Platelet count <100x10%/uL

3) Gastrointestinal ulcer, gastrointestinal divericulitis, colitis, acute bacterial endocarditis,
severe hypertension (systolic blood pressure >180 mmHg or diastolic blood pressure
>110 mmHg)

4) Serum asparate aminotransferase & alanine aminotransferase concentration >3.0
times upper limit of normal

5) History of allergy to heparin or heparin derivatives

6) History of heparin-induced thrombocytopenia

7) History of cerebral hemorrhage

8) Central nervous system surgery or ophthalmic surgery within 3 months

9) Creatinine clearance <20 mL/min

v v

Not applicable (n=536) One or more applicable (n=15)
Dose reduction criteria for anticoagulants ES+IPC (n=15)

1) Creatinine clearance <50 mL/min
2) Low body weight (body weight <40 kg)

Not applicable (n=519) One applicable (n=17) Two applicable (n=0)
v v v v
Enoxaparin 2,000 1U/12 h Enoxaparin 2,000 1U/24 h No anticoagulant administered
ES+IPC (n=519) ES+IPC (n=17) ES+IPC (n=314)

Fig. 1. Flowchart of the study. VTE, venous thromboembolism; BMI, body mass index; ES, elastic stocking; IPC, intermittent pneumatic
compression; IU, international unit.
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Unfractionated heparin

Enoxaparin, 2,000

IPC and ES were applied intraoperatively and
continued during post operative immobilization.

once 5,000 IU, twice dayly IU, twice daily
Hospital
l l l H H H discharge
| |
N
Dayof EndofC/S  Day1 Day 1 Day 2 Day 3 Day 6 Day 7
s >6 hours 9:00 21:00

Fig. 2. VTE prophylaxis after cesarean section. IPC and ES were applied intraoperatively and continued during post operative immobiliza-
tion. IU, international unit; C/S, cesarean section; IPC, intermittent pneumatic compression; ES, elastic stocking; VTE, venous thromboem-

bolism.

applicable, anticoagulants were not administered (Fig. 1).

5. Laboratory assessments

Blood count and liver function enzymes (aspartate amino-
transferase [AST] and alanine aminotransferase [ALT]) were
measured upon entry into the study (preoperatively) and on
postoperative day 6. Additional blood tests were performed
based on each patient’s general condition after cesarean de-
livery.

6. Efficacy and safety outcomes

The primary efficacy outcome of this protocol was the in-
cidence of symptomatic VTE (PE or DVT) after cesarean
delivery until 4 weeks after cesarean delivery. Color Doppler
ultrasound and/or dynamic computed tomography were per-
formed for patients who were clinically suspected with DVT
or PE. Enoxaparin was discontinued if symptomatic VTE or
major bleeding was confirmed.

The primary safety outcome was established as the onset
of major bleeding after the administration of anticoagulants.
Major bleeding was defined as follows: fatal hemorrhage
(intracranial, intra-abdominal, intraocular); bleeding requiring
surgery; or decreased blood hemoglobin level (<5.0 g/dL) up
to 4 weeks postoperatively.

Secondary safety outcomes included the incidence of minor
bleeding, which was defined as bleeding other than major
bleeding within 4 weeks of surgery. We also evaluated the
women to determine the presence of liver dysfunction (AST
or ALT three-time or higher than the upper limit of normal
[ULN]) on postoperative day 6. In our institution, values that
were up to or greater than three-time the upper limit of nor-
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mal for AST and ALT were 93 IU/L and 72 IU/L, respectively.
Furthermore, we examined the incidence of heparin-induced
thrombocytopenia (HIT) in women who received anticoagu-
lant therapy. The diagnostic criteria for HIT are as follows
[9]: normal platelet count before anticoagulant administra-
tion; thrombocytopenia (platelet count decreased by 30% to
<100x1,000/uL or decreased by more than 50% from the
baseline platelet count); acute thrombotic events; and HIT
antibody seroconversion.

7. Statistical analysis

The participants’ data were recorded in a computer system
to facilitate data collection and analysis. SPSS version 28.0
(IBM, Armonk, NY, USA) was used to analyze the data. Dif-
ferences between the observed results were evaluated using
Fisher's exact test and the paired t-test. Statistical significance
was calculated at P<0.05.

Results

1. Patients’ characteristics

Cesarean delivery was performed on 856 patients from Au-
gust 3, 2020 to March 31, 2022. Six patients were excluded
because they had preoperative DVT, and the remaining 850
were enrolled in this study. Table 1 describes the characteris-
tics of the 850 pregnant women involved in this study.

Fig. 1 shows the flowchart of the study protocol. Of the
850 women enrolled in the study, 551 (64.9%) had one or
more VTE risk factors and 299 (35.1%) had no risk factors.
Of the 551 women with one or more VTE risk factors, 15
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Table 1. Characteristic of 850 patients

Characteristics Values
Age, yr

>35 339(39.9)
<35 511 (60.1)
Parity

0 378 (44.5)
1 327 (38.5)
>2 145 (17.1)
BMI (before cesarean section)

>27 249 (29.3)
<27 601 (70.7)
Cesarean delivery

Elective 611(71.9)
Emergency 239 (28.1)
Multiple pregnancy 119 (14.0)
Thrombophilia 47 (5.5)
Hypertensive disorders of pregnancy 34 (4.0)
Long term bed rest (before cesarean section) 31(3.6)
Severe varicose veins of the lower extremities 4(0.5)
Previous history of venous thromboembolism or family history of venous thromboembolism 4(0.5)
Antiphospholipid antibody positive 3(0.4)

Values are presented as number (%).
BMI, body mass index.

met one or more of the exclusion criteria for enoxaparin ad-
ministration (one had a history of cerebral hemorrhage; two
had prior heparin hypersensitivities; seven had preoperative
platelet counts <100x 1,000/uL; six had liver function enzyme
levels >100 IU; some overlapping occurred). A total of 314
women (including the aforementioned 15 women who met
the exclusion criteria for anticoagulants and 299 women
without VTE risk factors) received perioperative mechanical
prophylaxis (ES and IPC) without anticoagulant therapy. Of
the 536 women who did not meet the exclusion criteria for
anticoagulants, 519 patients who did not meet the anticoag-
ulant dose reduction criteria received 2,000 units of enoxa-
parin every 12 hours in addition to mechanical prophylaxis
during the perioperative period. For the 17 women who met
one criterion for enoxaparin dose reduction (all weighing less
than 40 kg), 2,000 units of enoxaparin were administered
every 24 instead of every 12 hours in addition to mechanical
prophylaxis during the perioperative period.

www.ogscience.org

2. Efficacy outcomes

All women were discharged by postoperative day 7 and fol-
lowed-up for 4 weeks postoperatively for the development
of symptomatic VTE. None of the women experienced symp-
tomatic VTE up until 4 weeks after cesarean delivery using
this protocol.

3. Safety outcomes

Table 2 shows the frequency of bleeding complications. A
total of 37 out of 850 women (4.4%) experienced a bleed-
ing event postoperatively. Of these 37 women, 30 received
anticoagulants for VTE and 7 received only mechanical pro-
phylaxis after cesarean delivery. The non-anticoagulant group
(7/314, 2.2%) experienced fewer bleeding complications
than did the anticoagulant group (30/536, 5.6%) (P=0.022).
A total of 36 out of the 37 women who had bleeding events
experienced only minor bleeding. Specifically, minor subcuta-
neous bleeding at the wound site occurred, which did not re-
quire surgical treatment and blood transfusions. Enoxaparin
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was discontinued in 8 women due to a slight increase in the
amount of subcutaneous hemorrhage observed during visual
inspection. Major bleeding occurred in only one woman who
received postoperative enoxaparin; a subfascial hematoma
at the wound site was noted, along with a decrease in he-
moglobin levels to 4.8 g/dL on postoperative day 3. Conse-
quently, reoperation and blood transfusion were performed.
In the anticoagulant group, liver function enzyme (AST
and ALT) levels on day 6 after cesarean delivery were signifi-
cantly higher than those before cesarean deliver (P<0.001)
(Table 3). Similarly, in the non-anticoagulant group, AST and
ALT levels were significantly increased on postoperative day
6 compared with levels measured before cesarean delivery
(P<0.001) (Table 3). Five women (5/536, 0.9%) in the anti-
coagulant group and 4 women (4/314, 1.3%) in the non-
anticoagulant group had AST levels that were more than
three times the ULN on postoperative day 6 (not statistically
significant, P=0.732). Similarly, 18 women (18/536, 3.4%) in
the anticoagulant group and 16 women (16/314, 5.1%) in

Table 2. Bleeding complications

the non-anticoagulant group had ALT levels that were more
than three times the ULN on postoperative day 6 (no signifi-
cant difference, P=0.276). All increased liver enzyme levels
returned to normal ranges within 2 weeks after surgery.

Additionally, in both the anticoagulant and non-anticoagu-
lant groups, platelet counts on day 6 after cesarean delivery
were significantly increased compared to preoperative levels
(P<0.001) (Table 3). Furthermore, no incidence of HIT was
observed among the 536 women treated with anticoagula-
tion therapy.

Discussion

VTE is likely to occur during the perioperative period, and
the prevention of DVT is central to preventing the develop-
ment of PE. The risk of VTE increases approximately five-fold
in pregnancy compared to the risk in non-pregnant women
[4]. During the puerperium period, the VTE risk is thought to

Anticoagulants group

Non-anticoagulants group

(n=536) (n=314) P
Bleeding complications 30(5.6) 7(.2) 0.022
Minor bleeding 29 (5.4) 7(2.2) 0.032
Major bleeding 1(0.2) 0(0.0) NA
Values are presented as number (%).
NA, not applicable.
Table 3. Results of laboratory examinations before and 6 days after cesarean section
Anticoagulants group p Non-anticoagulants group p
(n=536) (n=314)
AST (IUL) <0.001 <0.001
Before 17.8+6.8 22.5+35.9
After 26.9£15.5 25.8+16.3
ALT (IUL) <0.001 <0.001
Before 12.4+9.3 16.0£32.1
After 26.8+18.2 28.2+23.4
Platelet (x1,000/uL) <0.001 22.5+6.6 <0.001
Before 23.8+6.8 22.5+6.6
After 28.7+14.8 28.6+25.6

Values are presented as meanzstandard deviation.

AST, aspartate aminotransferase; IU, international unit; ALT, alanine aminotransferase.
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exponentially increase by 30- to 60-fold [10]. Furthermore, a
meta-analysis published in 2016 revealed a more than four-
fold increase in VTE incidence after cesarean delivery com-
pared with vaginal delivery [11]. Thus, when anticoagulants
are administered to prevent the onset of VTE after cesarean
delivery, it is important to balance the beneficial effects of
VTE prophylaxis with adverse events, especially bleeding.
Since anticoagulants are administered solely for the preven-
tion of VTE, complications should be reduced as much as
possible.

During our single-center prospective study of 850 cesar-
ean deliveries, none of the women, who were administered
prophylaxis based on the risk factors for VTE, developed
symptomatic VTE after cesarean delivery. This may indicate
that our thromboprophylaxis protocol can reduce the risk
incidence of VTE after cesarean delivery. In the course of this
study, 551 (64.8%) pregnant women had one or more VTE
risk factors preoperatively. Fifteen out of these 551 pregnant
women met the exclusion criteria for anticoagulants and
received only mechanical prophylaxis for VTE during the peri-
operative period.

As aforementioned, anticoagulants are associated with
potential complications, such as an increased risk of bleeding
and hepatotoxicity. Therefore, when using anticoagulants,
it is important to confirm whether the anticoagulant exclu-
sion criteria or dose reduction criteria are met before surgery.
Using these criteria, women can be appropriately selected
to receive anticoagulant therapy. If the criteria for exclusion
of anticoagulants are met, then only mechanical prophylaxis
should be administered; however, if the criteria for dose
reduction are met, then a reduced dose of anticoagulants
should be administered.

Anticoagulants may cause adverse events such as bleeding,
hepatotoxicity and HIT. In our study, adverse bleeding events
after cesarean delivery occurred in 37 women (4.4%), yet
only 1 woman (0.1%) in this group experienced major bleed-
ing. The remaining 36 women experienced subcutaneous
bleeding. All subcutaneous hemorrhages were minor and did
not require treatment. Therefore, after cesarean delivery, it is
important to check the surgical wound daily for subcutane-
ous bleeding. There have been few reports of subcutaneous
hemorrhage associated with LMWH used for VTE prophylaxis
after cesarean delivery. A non-randomized controlled trial in
1,600 pregnant women showed that LMWH administration
after cesarean delivery increased the risk of bleeding at the
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wound site (absolute risk increase, 3.8%) [12].

The serum levels of liver enzymes usually increase with the
use of anticoagulants [13]. Increases in liver enzyme levels
occur not only with the use of UFH but also with the use of
LMWH. Heparin-induced hepatotoxicity is often defined as
AST or ALT levels that are up to three-time the ULN [14,15].
With this definition in mind, the incidence of heparin-in-
duced hepatotoxicity has been observed in approximately 5%
of cases involving UFH administration and in 5% to 10% of
cases involving LMWH administration [16,17]. In our study,
AST and ALT levels were also significantly increased after sur-
gery. However, no significant differences in the incidence of
AST and ALT levels over three-time the ULN were observed
between the anticoagulant group and the non-anticoagulant
group. Previous studies have reported the use of therapeutic
doses of UFH or LMWH; however, our study reported on the
use of prophylactic doses. This may explain the lower inci-
dence of hepatotoxicity. Furthermore, these values were not
significantly different from those of the non-anticoagulant
group. Various medications (e.g., analgesics and antibiotics)
were administered before and after cesarean delivery; there-
fore, there may have been no difference in the incidence of
hepatotoxicity between the two groups. Increases in serum
AST or ALT levels occur within 4 to 5 days after the initiation
of LMWH therapy; however, they are rarely symptomatic [18].
These increases in AST or ALT levels normalize approximately
7 days after heparin therapy is discontinued [19]. LMWH,
similar to standard unfractionated heparin, is considered tox-
ic to hepatocytes [18]. However, the detailed mechanism un-
derlying its hepatotoxicity remains unclear. Increased serum
AST or ALT levels are rarely associated with increased bilirubin
levels [17]. Moreover, hepatotoxicity caused by enoxaparin is
reversible [20].

HIT is a serious iatrogenic disease that causes thrombo-
cytopenia and thromboembolism. Although its incidence is
low (0.5-5%) [21-23], it is a serious disease that is associated
with heparin administration and causes a variety of throm-
boembolic events. Administration of UFH/LMWH produces
antibodies (HIT antibodies) against complexes of heparin and
platelet factor 4 [24]. HIT antibodies activate platelets and
monocytes, which results in excessive thrombin production.
In particular, HIT is a severe complication leading to throm-
bocytopenia and arteriovenous thromboembolism [25], pro-
ducing a hypercoagulable condition which decimates platelet
count to less than 50% within 5 to 10 days after heparin

187



Obstetrics & Gynecology Science
Vol. 66, No. 3, 2023

administration [25,26]. In this study, no cases of HIT were
observed in patients who received anticoagulants.

1. Limitations

Our study had some limitations. First, the use of enoxaparin
was not allowed until 24 hours after surgery due to medical
insurance stipulations in Japan. Therefore, we used unfrac-
tionated heparin until enoxaparin was administered. There-
fore, adverse events may have been attributable not only
to enoxaparin but also to unfractionated heparin. Second,
the absence of abnormal blood test results on day 6 after
surgery indicated that no further blood tests were required.
Therefore, it is unknown whether there were any abnormali-
ties in platelet counts or liver function enzymes after day 7.
Third, although no cases of VTE occurred after cesarean de-
livery, the number of enrolled women was small. Therefore,
in the future, a large randomized controlled trial should be
conducted to validate our findings.

Although there are limitations as described above, this pro-
tocol, with clear criteria for anticoagulant administration and
dose reduction/exclusion, may be effective in preventing VTE
after cesarean delivery.
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