International Journal of Women's Health

Dove

ORIGINAL RESEARCH

Obstetric Outcomes of Pregnancy After Uterine
Artery Embolization

Mariko Jitsumori'™*
Shinya Matsuzaki@®'*
Masayuki Endo'
Takeya Hara'

Takuji Tomimatsu'
Satoko Matsuzaki®
Tatsuya Miyake
Tsuyoshi Takiuchi®'
Aiko Kakigano'
Kazuya Mimura

Eiji Kobayashi'

Yutaka Ueda'

Tadashi Kimura'
'Department of Obstetrics and
Gynecology, Osaka University Graduate
School of Medicine, Osaka, Japan;
2Department of Obstetrics and

Gynecology, Otemae Hospital, Osaka,
Japan

*These authors contributed equally to
this work

Correspondence: Shinya Matsuzaki; Aiko
Kakigano

Department of Obstetrics and
Gynecology, Osaka University Graduate
School of Medicine, 2-2 Yamadaoka, Suita,
Osaka 565-0871, Japan

Tel +81-6-6879-3355

Fax +81-6-6879-3359

Email zacky@gyne.med.osaka-u.ac.jp;
ai-kaki@gyne.med.osaka-u.ac.jp

This article was published in the following Dove Press journal:
International Journal of Women's Health

Background: Uterine artery embolization (UAE) is used to treat severe postpartum hemor-
rhage (PPH). According to a few studies, UAE for PPH was associated with preterm birth,
fetal growth restriction (FGR), and placenta accreta spectrum (PAS) in subsequent pregnan-
cies. These previous studies, however, lacked controls, and to the best of our knowledge, no
systematic literature reviews have been conducted thus far. We report the results of our
retrospective case—control study of pregnancies after UAE at a single center and include
a literature review to evaluate the risk of PAS in pregnancies after UAE.

Methods: We retrospectively reviewed data from deliveries at our hospital between
January 2012 and October 2017. We divided the delivery data into cases with previous
UAE:s performed for PPH (the post-UAE group) and those without UAEs (the non-UAE
group, which included women without previous PPH). We defined PAS as cases in which
hysterectomy was performed and pathological examination confirmed the diagnosis. Results
are presented as odds ratios (ORs) with 95% confidence intervals (95% Cls).

Results: We used data from 3155 patients in this study, of whom 16 patients had undergone
UAE (post-UAE group) and 3139 had not (non-UAE group). We found no differences
between the groups in terms of frequency of preterm births (12.5% versus 14.2%, respec-
tively; OR, 0.863; 95% CI, 0.218 to 3.414; P = 0.84) or FGR (6.2% versus 10.0%,
respectively; OR, 0.602; 95% CI, 0.104 to 3.584; P = 0.61). However, cases of PAS were
significantly more common in the post-UAE group (37.5%) than in the non-UAE group
(1.2%; OR, 50.303; 95% CI, 17.38 to 145.592; P < 0.01).

Conclusion: Our results suggest that previous UAE is a significant risk factor for PAS.
Keywords: placenta accreta, placenta accreta spectrum, uterine artery embolization,

postpartum hemorrhage, obstetric outcomes

Background
Postpartum hemorrhage (PPH) occurs in 4% to 6% of deliveries, and 80% of cases
are caused by atonic bleeding.' > Severe PPH is an obstetric emergency that occurs
in 1% to 2% of live births and accounts for approximately 140,000 maternal deaths
annually worldwide.* Treatment strategies include pharmacological measures (eg,
oxytocin administration), intrauterine tamponade (eg, Bakri balloon or Sengstaken—
Blakemore tube), uterine artery ligation, hysterectomy, uterine compression sutures,
and uterine artery embolization (UAE).” '

A few publications have shown higher rates of preterm birth, fetal growth
restriction (FGR), and placenta accreta spectrum (PAS) among women who became
pregnant after UAE for PPH. However, these obstetric outcomes were not investi-

gated with non-UAE cases in these studies.'>'* To the best of our knowledge, no
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studies have compared rates of PAS between patients who
have undergone UAE and those who have not. Our aim
was to determine the rates of preterm birth, FGR, PAS, and
other obstetric adverse outcomes in subsequent pregnan-
cies after UAEs for PPH.

Methods

We retrospectively reviewed the medical records of
women who delivered at Osaka University Hospital,
Osaka, Japan between January 2012 and October 2017.
We divided these women into those who had previously
undergone UAE for PPH (post-UAE group) and those who
had not (non-UAE group).

We reviewed their medical records for perinatal outcomes,
including gestational age at delivery, weight of infants, and
blood loss at delivery. Our primary outcome was the rate of
PAS. Our secondary outcomes included the rate of preterm
births (delivery at <37 weeks of gestation) and rate of small for
gestational age in infants (<-1.5 standard deviations for birth
weight). We excluded cases of abortion from our analysis.

We calculated the gestational age at delivery from the
first day of the woman’s last menstrual period as previously
described.'” If the gestational age estimated was inconsistent
with that obtained from growth measurements estimated at
the first ultrasound examination (within 5 days in the first
trimester or within 14 days in the second trimester), we used
the gestational age estimated from the ultrasound results. We
defined PAS as cases in which hysterectomy had been per-
formed and the diagnosis had been pathologically confirmed.
Cases in which the diagnoses of PAS had not been histolo-
gically determined were defined as clinical PAS.

We performed a literature review to identify the possi-
ble risk factors for PAS in subsequent pregnancies follow-
ing UAE procedures for PPH. We conducted an electronic
search of the PubMed (https://www.ncbi.nlm.nih.gov/

pubmed/) and Scopus (https://www.scopus.com) databases
for literature from January 2002 to December 2017. We
excluded articles written in languages other than in
English and those published before 2002, with some mod-
ification of the method previously described.'®™'® In addi-

tion, we excluded all articles related to UAE for uterine
fibroids, cervical pregnancy, cesarean scar pregnancy, or
uterine arteriovenous malformations. For our search, we
used the following specific keywords for each database:
“uterine artery embolization”, “subsequent pregnancy”,
“uterine artery embolization” and “placenta accreta.”

The ethics committee of Osaka University approved the
study (approval #18130, approved on August 1, 2018). The

need for informed consent from patients was waived because
of the retrospective nature of the study, whose design was
based on computerized data with anonymous selection.

The effect of previous UAE on development of PAS
was summarized using odds ratios (ORs) and 95% con-
fidence intervals (95% Cls). We conducted our statistical
analysis using the JMP Pro 13.0 software (SAS, Institute
Inc., Cary, NC, USA). We used the Student’s r-test for
continuous variables, x2 test for categorical variables, and
Fisher’s exact test for rare categorical variables. All
p values <0.05 were considered statistically significant.

Results

We collected data from 3,155 deliveries that occurred during
the study period. The post-UAE group included 16 cases and
the non-UAE group included 3,139 cases. As shown in
Table 1, groups did not differ significantly with regard to the
maternal characteristics. Groups did, however, differ in the rate
of previous cesarean deliveries (CD), rate of transfusion, and
mean blood loss.

Approximately a third of patients in the post-UAE group
(37.5%, 6/16) had a previous CD while 12.3% (388/3139) of
patients in the non-UAE group had a previous CD (P < 0.01).
The rate of transfusion was higher in the post-UAE group
compared with the non-UAE group (12.5% vs 6.4%;

Table | Clinical Characteristics of the Post-UAE and Control
Groups

Post-UAE Non-UAE P value
(n=16) (n=3139)
Age (years) 35.0 £ 43 (27-42) | 33.7 £ 5.4 (17-56) 0.34
GW at delivery 380+ 1.9 27-42) | 38.0 £ 25 (22-42) 0.99
Maternal BMI 244 £23 (21-29) | 249 £ 3.6 (16-51) 0.66
Parity | £0.37 (0-2) 0.58 + 0.8 (0-8) 0.49
Blood loss (mL) 1397 £ 1175 779 £ 765 <0.01
(range) (180-4000) (0-16000)
Blood transfusion 12.5% (2/16) 6.4% (202/3139) 0.32
Birth weight (g) 3027 + 635.6 2862 * 851 0.24
(range) (1326—4156) (186-4556)
Previous CD 37.5% (6/16) 12.3% (388/3139) | <0.01
IVF-ET 31.2% (5/16) 13.1% (414/3139) 0.10
Placenta previa 12.5% (2/16) 3.9% (123/3139) 0.07

Notes: Data are presented as n (%) or mean * standard deviation, unless other-
wise specified. Bold indicates statistical significance.
Abbreviations: BMI, body mass index; CD, cesarean delivery; GW, gestational
weeks; IVF-ET, in vitro fertilization-embryo transfer; NA, not available; PPH,
Postpartum hemorrhage; and UAE, uterine artery embolization.
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P < 0.01). Mean total estimated blood loss was 1,397 mL
(range, 180-4000 mL) in the post-UAE group and 779 mL
(range, 0-16,000 mL) in the non-UAE group (P < 0.01).
Detailed clinical information on the post-UAE group
(n = 16) is shown in Table 2.

Table 3 presents the targeted obstetric outcomes of our
study. PAS was significantly more common in the post-
UAE group than in the non-UAE group (6/16 [37.5%] vs

Table 2 Detailed Patient Information of the Post-UAE Group

1.2% [37/3139]; OR 50.303; 95% CI 17.38-145.59; P <
0.01). The other outcomes were not significantly different
between the two groups. As placenta previa, previous CD,
and IVF-ET are all major risk factors for PAS, we exam-
ined the risk of PAS while excluding patients with placenta
previa, previous CD, and IVF-ET from both the post-UAE
and non-UAE groups as shown in Figure 1 and Table 4.

Various patterns were examined and all patterns, except

Patient | Current Pregnancy Previous Pregnancy
No. Age | GP BMI | Delivery® | Previous | IVF | PP | EBL PAS | FGR | PTB | EBL Cause FGR | PTB
cb (mL) (mL) | of
PPH
| 37 G2PI | 225 | VD 500 >2000 | Unk
2 32 G4P2 | 219 | VD 717 2485 RPOC
3 32 G4PI | 253 | VD 340 5000 Atonic
4 30 G2PI | 214 | VD 180 4500 Atonic
5 36 G4PI | 27.6 | VD 800 4500 Atonic
6 39 G4PI | 27.7 | CD Yes 1400 Unk Atonic
7 35 G3P2 | 246 | CD Yes 1270 2450 MRP
8 41 G2PI | 23.1 | CD Yes 500 Unk Atonic Yes
9 30 G2PO | 21.7 | VD Yes 1000 1000 RPOC®
10 38 G2PI | 23.6 | VD Yes 500 2700 Atonic
I 34 G2PI | 26.0 | VD 4000 | A Unk MRP
12 31 G2PI | 23.0 | CD Yes 2240 | A 3400 LLP
13 42 G4PI | 240 | VD Yes 4000 | A 4000 MRP
14 38 G2PI | 249 | CD Yes Yes 1600 | A Unk Atonic
15 27 G2PI | 243 | CD Yes Yes | 1280 | | Yes 3200 Atonic Yes
16 38 G3P2 | 294 | CD Yes Yes | 2040 | | Yes Yes Unk Atonic Yes

Notes: *Indicates mode of delivery. ®An abortion case.

Abbreviations: UAE, uterine artery embolization; No., number; BMI, body mass index; CD, cesarean delivery; IVF, in vitro fertilization; PP, placenta previa; EBL, estimated blood
loss; PAS, placenta accreta spectrum; FGR, fetal growth restriction; PTB, preterm birth; PPH, postpartum hemorrhage; GP, gravidity and parity; VD, vaginal delivery; Unk, unknown;
Atonic, atonic bleeding; MRP, manual removal of placenta; RPOC, retained products of conception; LLP, low-lying placenta; A, placenta accreta; and |, placenta increta.

Table 3 Clinical Outcomes of Subsequent Pregnancies

Post UAE (n = 16) Non-UAE (n = 3139) Odds Ratio 95% ClI P-value
Preterm birth (< 37 weeks) 12.5% (2/16) 14.2% (446/3139) 0.863 0.218-3.414 0.84
SGA <-1.5SD 6.2% (1/16) 9.9% (313/3139) 0.602 0.104-3.584 0.6l
PAS 37.5% (6/16) 1.2% (37/3139) 50.303 17.38-145.592 <0.01
Notes: Data are presented as n (%) unless otherwise specified. Bold indicates statistical significance.
Abbreviations: Cl, confidence interval; SGA, small for gestational age; PAS, placenta accreta spectrum; UAE, uterine artery embolization.
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Post-UAE group ~ Non-UAE group Odds Ratio
Subgroup Events Total Events Total Odds Ratio, 95% Cl 95% CI
All patients 6 16 37 3139 50.30 [17.38, 145.59] —t
PP(-), p-CD(-), IVF(-) 1 6 2 2301 229.90 [17.85, 2961.50] —t—
PP(-), p-CD(-) 2 10 6 2654 110.33[19.28, 631.32] IS m—
PP(-), IVF(-) 2 9 7 2622 106.73 [18.78, 606.73] —
With IVF, PP(-), p-CD(-) 1 4 4 353 29.08 [2.46, 343.31] i
With PP and p-CD, IVF(-) 2 2 12 25 5.40[0.24, 123.81] 1
0.001 01 1 10 1000

PAS decrease PAS increase

Figure | Forest plot of odds ratio of placenta accreta spectrum in post-UAE cases. Forest plots show the OR and 95% ClI of the risk for PAS. Various combinations were
determined, and we revealed that post-UAE is a significant risk factor for PAS except for the P-UAE with PP and p-CD groups. (-) indicates that the patients with pointed

factor were excluded. Bold indicates statistical significance.

Abbreviations: CD, cesarean delivery, Cl, confidence interval; IVF, in vitro fertilization-embryo transfer pregnancy; PAS, placenta accreta spectrum, p-CD; previous
cesarean delivery; PP, placenta previa; p-UAE, post-UAE; UAE, uterine artery embolization.

those with placenta previa and previous CD but where IVF
was excluded (P = 0.09), revealed a significantly higher
rate of PAS in the post-UAE group than in the non-UAE
group (all, P <0.01).

Although we found that two of the three patients
(66.7%) in the post-UAE group with a history of manual
removal of placenta (MRP) had PAS (Table 2), we could
not compare the effect of MRP on risk of PAS between the
post-UAE and non-UAE groups as we did not have any
data on MRP for the patients in the non-UAE group.

The results of our literature review are shown in Table 5.
Out of the 95 nonduplicate records identified from the electro-
nic databases search, we retrieved 95 full-text articles after
screening the titles and abstracts. Then, after excluding the
articles that did not meet the inclusion criteria (3 case series
and 3 case reports), we included 6 articles in the review.'>'>
Table 5 provides detailed information on the obstetric out-
comes of those studies. All case series showed high rates of
PAS (2/19 [10.5%], 5/30 [16.7%], 4/17 [23.5%]). We found
that the reports lacked a good definition for PAS diagnosis and

did not have well-described patient baseline characteristics.

Discussion

A key finding of our study was that previous UAE for PPH
was a significant risk factor for PAS. A previous study
reported an overall incidence of PAS of 1 in 553 cases.**
PAS is rare but results in high maternal morbidity and
mortality rates.'®*>?® Various factors such as placenta
previa, previous CD, and IVF have been recognized as
risk factors for PAS, but the role of previous UAE as a risk
factor was not well understood.?’>° Here, we identified
previous UAE as a clear risk factor for PAS in the sub-
sequent pregnancy.

Brown et al reported the first case of UAE for PPH in
1979.%° One of the purposes of UAE is to avoid hysterectomy
(a last resort to stop severe bleeding). UAE can control PPH
and is recommended in various obstetric guidelines. The
clinical success rate of UAE for PPH is greater than 90%.'
However, the obstetric outcomes of subsequent pregnancies
have been reported only in a few studies which have shown
a higher rate of PAS. Inoue et al reported that five out of 28
women (16.6%) who underwent UAE for PPH had to receive
a hysterectomy due to PAS.**> However, this and other reports

Table 4 Comparison of the Rate of Placenta Accreta in Various Patterns of Patient Baseline Characteristics

Post UAE

Non-UAE

All patients

Excluded PP, p-CD, and IVF
Excluded PP and p-CD
Excluded PP and IVF

With IVF, excluded PP and p-CD

37.5% (6/16)
16.6% (1/6)
20% (2/10)
22.2% (219)
25.0% (1/4)

1.1% (37/3139)
0.08% (2/2301)
0.2% (6/2654)
0.2% (7/2622)
1.1% (4/353)

With PP and p-CD, excluded IVF 100% (2/2)

48% (12/25)

Odds Ratio 95% CI P value
50.303 17.38-145.59 <0.01
229.9 17.85-2961.50 <0.01
110.333 19.28-631.32 <0.01
106.73 18.78-606.73 <0.01
29.08 2.46-343.31 <0.01
5.40 0.24-123.81 0.09

Notes: Bold indicates statistical significance.

Abbreviations: CD, cesarean delivery, Cl, confidence interval; IVF, in vitro fertilization-embryo transfer pregnancy; PAS, placenta accreta spectrum, p-CD; previous
cesarean delivery; PP, placenta previa; p-UAE, post-UAE; UAE, uterine artery embolization.
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did not compare the outcomes of patients with UAE to those
without previous UAE, and differences in the patient char-
acteristics were not considered.'>!*%*

The study reported by Cho et al included 96 women and
represents the largest study of subsequent pregnancy after
UAE due to PPH.*> A multivariate-adjusted analysis
showed that UAE during a first delivery increased the rate
of UAE at a second delivery (0.10% vs 5.9%; odds ratio,
25.56; 95% CI, 9.86—66.23), but the authors did not inves-
tigate the causes of PPH or the PAS rates; thus, the study did
not satisfy our criteria for inclusion in the literature review.

As shown in Table 5, few reports exist on PAS following
UAE for PPH. From the results of these studies, we found
that UAE is a major risk factor for PAS. Uterine necrosis is
a complication of UAE for PPH, and we considered that the
factors leading to uterine necrosis after UAE for PPH
include reduced blood flow to the uterus and a damaged
myometrium and endometrium.®>> We speculate that the
myometrial damage induced by UAE could be one of the
causes of PAS in the same way as the damage of the
endometrium-myometrial interface caused by uterine sur-
gery, especially cesarean delivery, may induce PAS.**3*
Another mechanism could be the reduced thickness of the
endometrium as patients with lower endometrial thickness,
such as those undergoing cryopreserved embryo transfer,
have been reported to have a higher risk for PAS (adjusted
OR 3.87, 95% CI 1.08-13.81).

UAE is considered appropriate in the treatment of PPH
because it reduces bleeding, avoids hysterectomy, and
preserves fertility with high success rates and tolerable

side effects.****7 However, the procedure entails risks
such as PAS in the subsequent pregnancy. Although there
is little evidence, uterine compression sutures and uterine
balloon tamponade (UBT) seem not to be associated with
a higher risk of PAS in the subsequent pregnancy when
compared with UAE.>'****% Therefore, if the situation
allows, clinicians may try to control PPH using uterine
compression sutures or UBT before performing UAE.

Although we revealed that previous UAE is a strong
risk factor for PAS in the subsequent pregnancy, we should
be aware that our study and previous studies could not
exclude the effect of the presence of PAS as the cause of
PPH in the first pregnancy. A previous report showed that
the rate of recurrent PAS (including clinical PAS) is
19.9%.*" Therefore, if the cause of PPH in the first preg-
nancy is clinical PAS, diagnosis of histological PAS in
subsequent pregnancies would increase. While there were
only 3 cases of MRP as the cause of PPH, those with MRP
treated with UAE showed a high risk of PAS (2 of 3 cases)
in the subsequent pregnancy (Table 2). There is
a possibility that these cases could have had clinical PAS
in the previous pregnancy resulting in the higher rate of
PAS observed in the subsequent pregnancy.

In our study, we included all patients without previous UAE
in the non-UAE group to estimate the risk of PAS in the general
pregnancies at our institution. Because the number of patients in
the post-UAE group is small, we could not match the patients’
clinical characteristics well. To resolve this problem, propensity
score matching could have been useful; however, we could not
perform this analysis due to the limited number of cases.

Table 5 Literature Review on the Rate of Placenta Accreta Spectrum in Subsequent Pregnancies Following Uterine Artery

Embolization Due to Postpartum Hemorrhage

Author Year | No. | Cause of Previous Number of Subsequent Treatment for Diagnosis of
(Reference) PPH PAS Pregnancy PAS PAS
Kitao"' 2009 | | AB 1/1 PPH due to PAS UAE — hyst Histopathological
Sentilhes'* 2010 | 19 Unknown 2/19 (10.5%) 4 cases: AB | case: hyst Unknown

2 cases: PAS | case: UAE
Kanter'® 2013 | | AB 171 Uterine inversion | case: hyst Histopathological
Inoue'® 2014 | 30 Unknown 5/30 (16.7%) 7 cases: PPH 5 cases: hyst Unknown
Poggi'” 2015 | 17 2 4/17 (23.5%) 4 cases: PAS 3 cases: hyst Unknown
Nakamura'® 2016 | 2 b 2/2 PPH due to PAS 2 cases: hyst Histopathological
Jitsumori 2020 | 16 c 6/16 (37.5%) 6 cases: PAS 6 cases: hyst Histopathological

Notes: *10 cases: AB, 3 cases: Laceration, 2 cases: PAS, | case: Abruption, and | case: Placenta previa. ®| case: Uterine rupture and | case: vaginal hematoma. €13 cases: AB,

| case: PPH after abortion, | case: Twins, and | case: clinical placenta accreta.

Abbreviations: AB, atonic bleeding; No, number; hyst, hysterectomy; PAS, placenta accreta spectrum; PPH, postpartum hemorrhage; UAE, uterine artery embolization.
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Moreover, we could not perform multivariate analysis due to the
same reason. However, we believe that we managed to show the
high rate of PAS in patients with previous UAE, and demon-
strated that these patients should be treated as high-risk patients.

The major strengths of our study are that it is the first one
to compare outcomes of subsequent pregnancies post-UAE
with pregnancies without UAE, and it reveals that the
incidence of PAS is increased in the subsequent pregnancy.
In addition, we used a histopathological diagnosis for PAS.
Therefore, we believe that our results are valuable to clin-
icians managing this extremely rare condition.

Our study has several limitations. First, our study was
a single-center retrospective study with a small sample size;
consequently, unmeasured bias may exist in the analysis.
Second, we could not compare the outcomes between
patients with PPH managed by UAE and those managed
by other treatment modalities because our database did not
have data on the other treatment modalities. This analysis is
crucial; however, we could not investigate this comparison.

Third, we could not match the patient characteristics
between post-UAE and non-UAE cases as the small sample
size did not allow us to perform further analyses. In addition,
we could not exclude the effect of clinical PAS in the first
pregnancy which was the high risk of PAS in the subsequent
pregnancy. Previous studies have also shown this limitation
and one should be aware of this when reading-related topics of
study. Last, because our institution is a referral hospital, there
is a possibility that our non-UAE group comprised patients
with a significant bias towards preterm birth and FGR. To
clearly show that UAE is a high-risk factor for PAS in the
subsequent pregnancy, a study using data from several institu-
tions with large numbers of cases needs to be conducted. More
robust studies such as prospective studies or randomized con-
trol studies are difficult to perform on this subject.

In conclusion, we provided evidence that UAE for PPH is
a significant risk factor for PAS in the subsequent pregnancy.

Abbreviations
UAE, uterine artery embolization, PPH, postpartum
hemorrhage; UCS, uterine compression suture; FGR,
fetal growth restriction.
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