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Abstract

Background: Postpartum hemorrhage (PPH), a serious labor-related complication, is the leading cause of maternal mortality,
which requires an emergent intervention. Uterine arterial embolization (UAE) is an effective treatment for hemostasis of intractable
PPH. Several risk factors have been reported for the failure of UAE.
Objectives: To evaluate the clinical outcomes of UAE for the treatment of primary PPH following cesarean section (CS) and to deter-
mine the risk factors associated with the failure of this procedure.
Patients and Methods: This retrospective, single-center study was approved by the institutional review board, and the requirement
to obtain informed consent was waived. All patients referred to a tertiary care center, who underwent UAE for primary PPH between
January 2018 and December 2020, were included. The patients’ medical records and radiological findings, including the patients’
characteristics, mode of delivery, initial vital signs and laboratory findings after hospitalization, procedure details, and emboliza-
tion outcomes, were evaluated for data collection. Technical success was defined as appropriate embolization of target vessels on
a completion angiogram. Clinical success was defined as adequate cessation of bleeding after the first embolization, without any
need for subsequent embolization or surgical intervention. Statistical analysis was performed to determine factors related to the
clinical failure of UAE in CS cases.
Results: UAE was performed for 25 patients (mean age, 37.2 years; range, 25 - 45 years). The technical success rate was estimated at
100% (n = 25), and the clinical success rate was 76% (n = 19). There were no patients with permanent adverse sequelae or death. The
univariate analyses showed that hemodynamic instability (P = 0.006), lower hemoglobin levels (P = 0.02), and prolonged activated
partial thromboplastin time (aPTT) (P = 0.017) were related to clinical failure. The logistic regression analysis adjusted for age showed
that the area under the curve (AUC) was 0.86 for hemoglobin (95% CI: 0.7 - 1; cutoff value: 0.667), 0.816 for aPTT (95% CI: 0.625 - 1; cutoff
value: 0.411), and 0.868 for hemodynamic instability (95% CI: 0.661 - 1; cutoff value: 0.622).
Conclusion: UAE is a safe and effective treatment for primary PPH following CS. Hemodynamic instability, low hemoglobin levels,
and prolonged aPTT can be predictive factors for the poor outcomes of UAE in CS patients. These factors are rapid and straightfor-
ward criteria, which can be simply applied, even in emergency situations.
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1. Background

Postpartum hemorrhage (PPH) is defined as blood loss
more than 500 mL within 24 hours after vaginal delivery
or more than 1000 mL after cesarean section (CS) (1). PPH
is classified as primary hemorrhage, which refers to exces-
sive bleeding in the first 24 hours after delivery, and sec-
ondary PPH, which may occur between 24 hours and 12

weeks after delivery. PPH is significantly associated with
maternal morbidity and mortality, with severe PPH ac-
counting for approximately 25% of maternal deaths world-
wide (2).

Initially, PPH is managed conservatively using
medicines, such as uterotonic agents and tranexamic
acid, vaginal packing, or uterine massage depending on
the cause (3). If uterine bleeding persists despite medical
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treatment, surgical procedures or transcatheter arterial
embolization may be required. In recent decades, selective
arterial embolization has been shown to be an efficacious
and secure alternative to surgery (4). Other advantages
of selective arterial embolization include its high efficacy,
safety, minimal invasiveness, minimal complications, and
preservation of fertility (5, 6). Management decisions
are commonly made in collaboration with obstetricians,
interventional radiologists, and anesthesiologists.

2. Objectives

Several recent retrospective studies have examined the
efficacy of uterine arterial embolization (UAE) for PPH. A
previous study on 102 patients with PPH, who underwent
transcatheter arterial embolization, suggested that CS was
associated with a high failure rate (7). According to this
finding, the current study aimed to evaluate the efficacy
of UAE and to identify predictive factors associated with its
failure in CS women.

3. Patients and Methods

3.1. Patient Characteristics

The protocol of this retrospective study was approved
by the institutional review board (CNUH-2021-129), and the
requirement to obtain informed consent was waived. Pa-
tients who had undergone UAE in the department of radi-
ology between January 2018 and December 2020 were re-
cruited. On the other hand, patients who had undergone
UAE for causes other than PPH were excluded.

During 2018 - 2020, a total of 124 UAE procedures were
performed on 123 patients. Overall, 80 patients underwent
UAE for PPH, while 43 patients underwent UAE for other
causes, such as myoma, adenomyosis, or curettage. The
causes of curettage included management of uterine ar-
teriovenous malformation, spontaneous or missed abor-
tion, and endometrial mass. Twenty-two patients who un-
derwent embolization for delayed PPH were excluded from
the study. Of 58 patients, 33 (56.9%) had a normal vagi-
nal delivery, and 25 (43.1%) had undergone CS. The patients’
medical records and radiological findings were reviewed
to collect data regarding the patient characteristics, mode
of delivery, initial vital signs and laboratory findings after
hospitalization, procedure details, and embolization out-
comes.

3.2. Embolization Procedure

All procedures were performed by interventional radi-
ologists using digital subtraction angiography (DSA) with

a common femoral arterial approach under local anes-
thesia with lidocaine. Aortoiliac arteriography and bilat-
eral internal iliac artery angiography were routinely per-
formed to determine the bleeding site. Superselective
embolization was performed using embolization agents,
such as absorbable gelatin sponge particles and micro-
coils, according to the operator’s preference and angio-
graphic findings. Specifically, a mixture of gelatin sponge
particles (Cali-Gel 350-560/710-1000/1000-1400µm, Alicon,
Hangzhou, China or Eg-Gel 560-710/700-1000 µm, Engain
Co., Seongnam, South Korea), contrast medium, and nor-
mal saline was used for selective embolization. Detach-
able microcoils (ConcertoTM, Medtronic, Minneapolis, MN,
USA or Interlock, Boston Scientific, Cork, Ireland) were also
used as additional embolic agents.

If angiography demonstrated active contrast extrava-
sation, superselective embolization of injured vessel was
performed (Figure 1). If the findings of the initial an-
giogram were negative, bilateral UAE was performed ex-
perientially to prevent any possible blood loss that might
not have been detectable on the angiogram. The pelvic
anastomotic vasculature, including the ovarian, vaginal,
and round ligament arteries, as well as the anterior divi-
sion of internal iliac arteries (internal pudendal artery),
was assessed if necessary. The embolization endpoint was
absence of extravasation or evident targeted vessel sta-
sis on angiography. Next, post-embolization angiography
was performed to verify the absence of active contrast ex-
travasation from the opening of previously spastic vessels,
and adequate reduction of blood flow to the uterus was
achieved.

3.3. Treatment Outcomes

Technical success was defined as appropriate em-
bolization of target vessels on a completion angiogram.
Clinical success was defined as adequate cessation of bleed-
ing after the first embolization, without any need for a sub-
sequent repeat embolization or an additional surgical in-
tervention (e.g., laparotomy or hysterectomy). Clinical fail-
ure was defined as repeated embolization or continuous
bleeding following a surgical intervention despite success-
ful embolization (8). The obstetrician decided on whether
an additional or emergent surgical intervention was re-
quired, depending on the patient’s condition. Hemody-
namic instability was defined as systolic blood pressure
(SBP) ≤ 90 mmHg or a shock index (heart rate divided by
SBP) ≥ 1 (9).

3.4. Statistical Analysis

The outcomes were compared between patients under-
going successful and unsuccessful UAE for primary PPH.
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Figure 1. Angiograms of a 32-year-old woman with primary postpartum hemorrhage (PPH) after cesarean section (CS). A, Digital subtraction angiogram (DSA) of the left uterine
artery. Contrast extravasation is indicated by an arrow; B, DSA after embolization of the left uterine artery. Hemostasis is achieved after superselective coil embolization of the
left uterine artery.

Univariate analyses were performed using Fisher’s exact
test and Mann-Whitney U test, as appropriate. Various
identified risk factors for PPH were analyzed using a logis-
tic regression analysis, and the optimal cutoff values for
significant factors were selected based on the receiver op-
erating characteristic (ROC) curves. All statistical analyses
were performed in SPSS version 26.0 (IBM Corp. Released
2019. IBM SPSS Statistics for Windows, Version 26.0. Ar-
monk, NY: IBM Corp), and the level of statistical signifi-
cance (P-value) was set at < 0.05.

4. Results

The patients’ clinical outcomes are summarized in Fig-
ure 2. The technical success of initial embolization was
100%, while clinical success was achieved in 19 (76.0%) pa-
tients. Of six patients who required further interventions,
four required emergency operations, including explo-
rative laparotomy, bleeding control, and hysterectomy, be-
cause cessation of bleeding was not achieved. Two patients

underwent repeat embolization, as adequate hemostasis
was not achieved, and surgery was eventually required.
No patients experienced permanent adverse sequelae or
death.

Table 1 presents the patients’ characteristics, includ-
ing age, interval between delivery and embolization, bi-
ological markers, such as hemoglobin level and platelet
count before embolization, and number of transfused red
blood cells (RBC) expressed as mean, standard deviation
(SD), and range. The average age of the patients was 37.24
years (range, 25 - 45 years). The mean interval between
delivery and embolization was 395.96 minutes (range, 64
- 910 minutes), and the mean number of transfused RBC
units was 4.08 (range, 0 - 20).

Of 25 patients, 16 (64%) were primiparous, and nine
(36%) were multiparous. Meanwhile, eight (32%) patients
were hemodynamically unstable, with hypotension (SBP ≤

90 mmHg) or a shock index ≥ 1. Eight (32%) patients had
active contrast extravasation on DSA, and three (12%) pa-
tients underwent additional superselective embolization
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Figure 2. Clinical outcomes of uterine arterial embolization (UAE) in patients with postpartum hemorrhage (PPH)

for a vessel other than the uterine artery.

Factors that were significantly associated with the suc-
cess or failure of embolization are presented in Table 2. Sec-
tion A represents quantitative variables, such as age, dura-
tion of embolization, and diagnostic laboratory findings.
Section B shows qualitative variables, including parity, ex-
travasation on angiography, additional embolization, and
hemodynamic instability (yes/no).

The clinical failure rate was significantly higher in pa-
tients with hemodynamic instability, lower hemoglobin
levels, and prolonged activated partial thromboplastin

time (aPTT). Based on the findings, clinical success was not
associated with age (P = 0.676), interval between delivery
and embolization (P = 0.475), duration of embolization (P
= 0.964), number of transfused RBC units before the pro-
cedure (P = 0.127), or laboratory findings, including the
platelet count (P = 0.743), prothrombin time (P = 0.102),
fibrinogen level (P = 0.273), fibrinogen degradation prod-
uct (FDP) level (P = 0.674), or D-dimer level (P = 0.334). Also,
no significant difference was found between the groups of
clinical success and clinical failure in terms of parity, pres-
ence of extravasation on angiography, or additional em-
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Table 1. The Patients’ Characteristics

Variables Mean ± SD (range)

Age (y) 37.24 ± 4.65 (25 - 45)

Interval between delivery and embolization
(min)

395.56 ± 218.44 (64 - 910)

Embolization duration (min) 43 ± 20.04 (15 - 99)

Hemoglobin level (g/dL) 10.29 ± 2.78 (4.8 - 18.3)

Platelet count (10 × 3/UL) 139.52 ± 46.12 (66 - 225)

Activated partial thromboplastin time (s) 37.74 ± 12.17 (24.3 - 79.3)

Prothrombin time (INR) 1.28 ± 0.23 (0.96 - 1.91)

Fibrinogen level (mg/dL) 177.24 ± 114.89 (50 - 494.4)

Fibrinogen degradation product level
(µg/mL)

223.14 ± 242.96 (7.8 - 640)

D-dimer level (mg/L) 26.51 ± 11.24 (4 - 35)

Transfused RBC (unit) 4.08 ± 4.68 (0 - 20)

Abbreviations: SD, standard deviation; RBC, red blood cells.

bolization of a vessel other than the uterine artery.
Moreover, a logistic regression analysis was performed

to identify significant variables in univariate analyses.
Given the small sample size of the study, the analysis was
only adjusted for age. Table 3 presents the detailed results
of age-adjusted logistic regression analysis. Based on the
findings, aPTT was not a significant factor (P = 0.071). How-
ever, a lower hemoglobin level was associated with poor
outcomes, with an odds ratio (OR) of 0.42 [95% confidence
interval (CI): 0.19 - 0.91). Hemodynamic instability was also
a significant negative predictor of UAE in CS, with an OR of
33.14 (95% CI: 2.14 - 511.93).

Figure 3 indicates the ROC curves for hemoglobin level,
aPTT, and hemodynamic instability to predict UAE failure
in cases of primary PPH undergoing CS. The area under
the curve (AUC) was 0.86 (95% CI: 0.7 - 1) for hemoglobin,
0.816 (95% CI: 0.625 - 1) for aPTT, and 0.868 (95% CI: 0.661
- 1) for hemodynamic instability. The optimal cutoff value
for hemoglobin level (presented as probability) was 0.667
at a 95% CI of 0.7 - 1. The corresponding results of aPTT and
hemodynamic instability are shown in Table 4.

5. Discussion

UAE is considered a safe and effective method for the
treatment of medically intractable PPH. Currently, the
overall technical success rate is estimated at 99% (6). Since
the late 1990’s, many retrospective studies have reported
excellent clinical outcomes, with recent larger case series
reporting clinical success rates of 71 - 92% (4, 7, 10). In the
present study, the technical success rate was 100%. Also, the

clinical success rate (76%) was comparable to that of other
studies.

Many predictive factors have been identified for PPH,
including uterine atony, placenta accreta, transfusion vol-
ume, and some biological factors (i.e., hemoglobin, pro-
thrombin time [PT], aPTT, and fibrinogen level) (3). Many
reports suggest that disseminated intravascular coagula-
tion (DIC) is a significant independent risk factor for UAE
failure (10). In this study, the presence of DIC was as-
sessed based on the International Society on Thrombosis
and Hemostasis (ISTH) criteria. On the other hand, Lee et
al. (4) defined coagulopathy as another concept. Since
DIC is an extremely dynamic condition, its definitions are
heterogeneous in previous studies, and there are no defi-
nite guidelines. Overall, the available findings support the
hypothesis that DIC is an important determinant of em-
bolization failure.

Additionally, in the current study, other factors that are
among the indicators of DIC, including aPTT, were exam-
ined. In this regard, a previous study suggested that a low
fibrinogen level and prolonged aPTT in the earliest phase
of severe PPH were associated with the need for surgical in-
terventions (11). The current findings suggest that the pre-
embolization aPTT level is a significant independent pre-
dictor of clinical failure in patients undergoing emergency
UAE for primary PPH after CS. Although other known pa-
rameters, such as PT, fibrinogen, and platelet count, were
not statistically significant, the mean values of these pa-
rameters in patients who met the criteria for clinical fail-
ure mimicked the DIC profile.

In patients with DIC, the level of PT or aPTT was pro-
longed in 50-60% of cases (12). However, nearly half of pa-
tients with DIC may have normal or shortened PT and aPTT
(12, 13); conseuqently, it is difficult to conclude that aPTT
reflects the patient’s general condition. Nonetheless, in
emergency situations, such as severe PPH, aPTT monitor-
ing is simpler than the measurement of DIC score for pre-
dicting the procedure outcomes. Also, in the treatment of
patients with PPH with prolonged aPTT, a close discussion
between clinicians and interventional radiologists is nec-
essary.

Hemodynamic instability and low hemoglobin levels
were predictors of the clinical outcomes of embolization
in the current study. DIC, hemoglobin level < 8 g/dL, hemo-
dynamic instability, and extravasation on angiography are
frequently associated factors with failed embolization (10).
There is an intertwined relationship between shock and
DIC, where activation of the kinin system, complement sys-
tem, and coagulation pathways promotes vascular leak-
age, and hypotension eventually leads to shock (4, 14); con-
sequently, low pre-embolization levels of hemoglobin can
suggest underlying coagulopathy (15).
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Table 2. Factors Associated with the Clinical Effectiveness of Uterine Arterial Embolization (UAE) in Patients with Primary Postpartum Hemorrhage (PPH) After Cesarean
Section (CS)

A

Variables Clinical success (n = 19) Clinical failure (n = 6) P-value

Age (y) 36.89 ± 5.02 38.33 ± 3.33 0.676

Mean interval between delivery and embolization (min) 406.84 ± 203.44 361.5 ± 279.59 0.475

Embolization duration (min) 40.94 ± 16.41 49.5 ± 29.86 0.964

Hemoglobin level (g/dL) 11.03 ± 2.61 7.95 ± 1.95 0.02

Platelet count (10 × 3/UL) 142.21 ± 47.89 131 ± 42.88 0.743

aPTT (sec) 34.51 ± 8.69 47.97 ± 16.54 0.017

Prothrombin time (INR) 1.23 ± 0.2 1.42 ± 0.29 0.102

Fibrinogen level (mg/dL) 193.89 ± 125.25 124.52 ± 49.89 0.273

Fibrinogen degradation product level (µg/mL) 218.37 ± 246.48 238.23 ± 253.53 0.674

D-dimer level (mg/L) 25.57 ± 11.56 29.5 ± 10.52 0.334

Transfused RBC (unit) 6.26 ± 6.1 12.33 ± 6.38 0.127

B

Parity 0.142

Primiparity 14 2

Multiparity 5 4

Extravasation on angiography 0.344

Negative 14 3

Positive 5 3

Additional embolization of a vessel other than the uterine artery 0.133

Negative 18 4

Positive 1 2

Hemodynamic instability 0.006

Negative 16 1

Positive 3 5

Abbreviations: aPTT, activated partial thromboplastin time; RBC, red blood cells.

Table 3. The Results of Age-Adjusted Logistic Regression Analysis Indicating Signifi-
cant Clinical Predictors of UAE failure in Patients with Primary Postpartum Hemor-
rhage (PPH) After Cesarean Section (CS)

Variables OR 95% CI P-value

Hemoglobin 0.42 0.192-0.913 0.029

aPTT 1.104 0.992-1.229 0.071

Hemodynamic instability 33.14 2.145-511.932 0.012

Abbreviations: OR, odds ratio; CI, confidence interval; aPTT, activated partial
thromboplastin time; UAE, uterine arterial embolization.

Despite the insignificance of aPTT (P = 0.071), the result
of the logistic regression analysis was close to the signifi-
cance threshold; therefore, aPTT might have been signifi-
cant for a larger sample size. Also, the AUC of hemoglobin,
aPTT, and hemodynamic instability was 0.86, 0.816, and

Table 4. The Receiver Operating Characteristic (ROC) Curve Analysis of Significant
Clinical Factors for Predicting UAE failure in Patients with Primary Postpartum Hem-
orrhage (PPH) After Cesarean Section (CS)

Variables AUC 95% CI Optimal cutoff value

Hemoglobin 0.860 0.7-1 0.667

aPTT 0.816 0.625-1 0.411

Hemodynamic instability 0.868 0.661-1 0.622

Abbreviations: AUC, area under the curve; CI, confidence interval; aPTT, acti-
vated partial thromboplastin time; UAE, uterine arterial embolization.

0.868, respectively. Based on the results, these factors are
helpful for predicting the clinical outcomes of UAE in CS.
Therefore, it is important to correct coagulopathies and
hemodynamic instability before and after UAE to increase
its success rate.
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Figure 3. The receiver operating characteristic (ROC) curves for significant clinical predictors of uterine arterial embolization (UAE) in patients with primary postpartum
hemorrhage (PPH) after cesarean section (CS). Abbreviations: AUC, area under the curve; aPTT, activated partial thromboplastin time.

The present study had several major limitations. First,
this was a retrospective cohort study, which might have se-
lection or recall bias owing to its design. Second, the small
sample size of this study was selected from a single insti-
tution. Although previous studies have described other
potential predictors of UAE failure, including parity and
blood transfusion volume (16, 17), these factors were not
significant in the present study, probably because of the
small sample size.

Third, the causes of bleeding (e.g., uterine atony, gen-
ital tract laceration, and retained placental tissue) and CS
(emergency or elective) were not evaluated in this study, as
many patients were delivered in other clinics; therefore, in-
formation required for the medical referral form was lack-
ing. These factors could not be corrected and might have
influenced the results of the study. Finally, in this study,
all patients who underwent additional embolization af-
ter the first procedure eventually required a surgical in-
tervention. Although this finding raises questions about

the efficacy of re-embolization after the failure of primary
embolization, it was difficult to determine the underlying
cause or associated factors because of the small sample
size. Some studies have reported that repeated UAE leads
to successful hemostasis (4, 8); consequently, in patients
with embolization failure, additional UAE remains a viable
treatment option. However, further prospective studies
with a larger sample size are needed to confirm the current
findings.

In conclusion, UAE is a safe and effective treatment
with a high success rate for the management of pri-
mary PPH following CS. Despite some limitations, the
present results revealed that hemodynamic instability, low
hemoglobin levels, and prolonged aPTT could contribute
to the identification of patients that may benefit from tar-
geted hemostatic treatment. Overall, the identified factors
provide rapid and straightforward criteria that can be sim-
ply applied, even in emergency situations.
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