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Introduction: Hysteroscopic adhesiolysis is widely performed in women with

intrauterine adhesions. Small observational studies have reported the obstetric

and neonatal outcomes, but studies with larger sample sizes are few. The aim of

this study is to evaluate the obstetric and neonatal outcomes in women after

hysteroscopic adhesiolysis.

Methods: We conducted a literature search in July 2022 using the PubMed,

Embase, the Cochrane Library, and Web of Science databases, and finally, 32

studies (N = 3812) were included. We did a meta-analysis to estimate the

prevalence of placenta-related disorders, including placenta previa, placental

abruption, placenta accreta, placenta increta, and retained placenta. We also

included other obstetric and neonatal outcomes like postpartum hemorrhage,

ectopic pregnancy, oligohydramnios, gestational hypertension, gestational

diabetes mellitus, and intrauterine growth restriction. The results were

presented as odds ratios (ORs) with 95% confidence intervals (CIs) in studies

with a control group, but otherwise as prevalence (%) with 95% confidence

intervals (CIs).

Results: The overall pregnancy and live birth rates were 58.97% and 45.56%,

respectively. The prevalence of placenta previa differed in pregnant women who

underwent hysteroscopic adhesiolysis compared with those who did not (OR,

3.27; 95% CI, 1.28-8.36). In studies without a comparative group, the pooled rate

of placenta accreta was 7% (95% CI, 4-11) in 20 studies; placenta increta was 1%

(95% CI, 0-4) in 5 studies; a retained placenta was 11% (95% CI, 5-24) in 5 studies;

postpartum hemorrhage was 12% (95% CI, 8-18) in 12 studies; ectopic pregnancy

was 1% (95% CI, 0-2) in 13 studies; oligohydramnios was 3% (95% CI, 1-6) in 3

studies; intrauterine growth restriction was 3% (95% CI, 1-8) in 3 studies;

gestational hypertension was 5% (95% CI, 2-11) in 4 studies; and diabetes

mellitus was 4% (95% CI, 2-7) in 3 studies.

Discussion: Due to the paucity of good quality comparative data, the question of

whether there is an increased prevalence of obstetric and neonatal
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complications in women after hysteroscopic adhesiolysis compared with the

general population remains unanswered. The findings from this review will

provide a basis for more well-designed studies in the future.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/

display_record.php?RecordID=364021, identifier [CRD42022364021].
KEYWORDS

intrauterine adhesion, hysteroscopic adhesiolysis, obstetric outcomes, placentarelated
disorders, postpartum hemorrhage
1 Introduction

The etiology of intrauterine adhesions (IUA) was first reported

by Joseph Asherman in 1948 (1). Uterine adhesions are strips of

fibrous tissue within the uterine cavity, which can form a thin band

of adhesions in mild cases or lead to complete occlusion of the

uterine cavity in severe cases. Common causes of uterine adhesions

include miscarriage, invasive intrauterine operations, inflammation

or infection, and uterine compression stitches. The prevalence of

uterine adhesions in women after spontaneous abortion has been

reported in the literature to be up to 19.1% (2). Some patients with

mild uterine adhesions may have no clinical manifestations,

whereas patients with Asherman syndrome mainly present with

secondary amenorrhea or hypomenorrhea. A review reported the

following manifestations of abnormal uterine bleeding in patients

with uterine adhesions: amenorrhea (37%), scanty bleeding (31%),

normal menstruation (5%), and excessive menstruation (1%) (3).

Additionally, about 7% to 40% of patients with uterine adhesions

exhibit infertility (3), which may be due to damage to the

endometrium that prevents embryo implantation (4).

Currently, hysteroscopic adhesiolysis remains the standard

treatment for intrauterine adhesions. This can be supplemented

by postoperative physical isolation or hormonal therapy to prevent

the formation of adhesions. The current data on reproductive

outcomes after IUA treatment are mainly from small

observational studies. In a systematic evaluation, pregnancy rates

of 40% to 80% and live birth rates of 30% to 70% were reported after

treatment of uterine adhesions (5). The placenta accreta spectrum

was seen in nearly 10% of patients with postoperative

pregnancies (6).

There are few systematic reviews of the incidence of obstetric

complications after hysteroscopic adhesiolysis. In 2019, Guo et al.

analyzed 54 publications and reported the integrated incidences of

ectopic pregnancy, pregnancy loss, placenta previa, placenta

abruption, postpartum hemorrhage, placenta accreta syndrome,

premature rupture of membranes, cervical insufficiency,

intrauterine growth restriction, and preterm delivery. However, a

detailed distinction was not made between the placenta accreta

spectrum, the analysis had no control group, and the final incidence

of integration obtained was compared with the general population,

which created a large bias (7). In 2021, Hooker reviewed 5 papers
02
that analyzed the obstetric outcomes of mild intrauterine adhesions,

but the associated obstetric complications were not mentioned (30).

Our systematic evaluation includes obstetric complications and

adds studies published in the last 3 years, thus providing updated

data on the incidence of obstetric complications in patients with

pregnancies after hysteroscopic adhesiolysis. We assess the need to

increase pregnancy screening in these patients in clinical practice.
2 Materials and methods

The Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) standards were followed for conducting

this systematic review (8). Institutional Review Board approval was

not obtained because all data were taken from previously

published data.
2.1 Search strategy

In July 2022, the following electronic databases were extensively

searched for scientific literature: PubMed, Embase, Cochrane

Library, and Web of Science. The search terms used were

“intrauterine adhesions”, “hysteroscopy”, “obstetric outcomes”,

“pregnancy rate”, “miscarriage”, “placenta previa”, “placental

abruption”, “placenta accreta”, “placenta increta”, “retained

placenta”, “postpartum hemorrhage”, “oligohydramnios”, “ectopic

pregnancy”, “gestational hypertension”, “gestational diabetes

mellitus” (GDM), “intrauterine growth restriction”, and their

variants. These were restricted to the title, abstract, and keywords

(see Supplementary Materials for a detailed search strategy). The

research protocol (CRD42022364021) has been desposited into the

International Prospective Register of Systematic Reviews

(PROSPERO) database.
2.2 Outcome measures

We included placenta-related disorders including placenta

previa, placenta accreta, placenta increta, placental abruption, and

retained placenta together with postpartum hemorrhage as the
frontiersin.org
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primary outcomes. Placenta previa is defined as the placenta

completely or partially covering the internal cervical os (9).

Placenta accreta is defined as an attachment of the placenta to the

myometrium without intervening decidua, and placenta increta is

an invasion of the trophoblast into the myometrium (10). The

classic definition of placental abruption is a premature separation of

the placenta before delivery (11). Retained placenta after vaginal

delivery is diagnosed when a placenta does not naturally deliver

within a predetermined window of time, typically between 18 and

60 minutes (33).

Associated secondary outcomes included ectopic pregnancy,

intrauterine growth restriction, oligohydramnios, gestational

hypertension, and gestational diabetes mellitus. Ectopic pregnancy

refers to an extrauterine pregnancy and the fallopian tube is the

most common site (31). Intrauterine growth restriction is the failure

of a fetus to achieve its intrinsic growth potential, often

characterized as low weight, length, or head circumference (12).

Oligohydramnios is characterized by an amniotic fluid volume that

is less than the minimum anticipated for the corresponding

gestational age. This condition is best identified by ultrasound

and includes amniotic fluid index (AFI) values of less than 5 cm

and single deepest pockets (SDP) of less than 2 cm (13). Gestational

hypertension is defined as having a blood pressure of ≥ 140/90

mmHg at least two times more than 4 hours apart after 20 weeks of

gestation (32). GDM refers to any degree of glucose intolerance that

was first identified during pregnancy (14). Where definitions

differed, we accepted the definition provided by the authors of the

original study.
2.3 Paper selection and eligibility

We included studies that reported on obstetric and neonatal

outcomes in all women diagnosed with intrauterine adhesions after

hysteroscopic adhesiolysis. All retrospective and prospective studies

with 10 or more cases were included. We retrieved studies with both

a single arm and a comparison arm. Case reports, reviews,

comments, letters, and conference abstracts were excluded. Only

studies reported in English were included.

Two authors independently selected the studies in a two-stage

process. All titles and abstracts were first individually reviewed, and

the agreement for possible relevance was accomplished by

consensus. Second, an examination of the full manuscript was

carried out to ascertain eligibility. Significant data about the study

characterist ics and relevant outcomes were extracted

independently. When additional information was needed, we

contacted the study author by email.
2.4 Data extraction and statistical analysis

Characteristics retrieved from all studies included author,

country, year of publication, design, number of subjects, mean

age of sample population, classification ofIUA, mean duration of
Frontiers in Endocrinology 03
follow-up, and outcomes reported. The collected outcome details

included the event number and total number. All the data analysis

and the graphical renderings were carried out using R version 4.2.1.

We calculated the proportion with a 95% confidence interval (CI) of

the different outcomes for each study. We assessed statistical

heterogeneity by visual inspection of the forest plot, applied the Q

test for heterogeneity, and calculated the I2 statistic. A fixed effects

model was used if an I2 ranged from 0% to 25%; otherwise, a

random effects model was used. When the event number had a

value of 0, double-arcsine conversion is used. If 10 or more studies

were under consideration, we drew a funnel diagram to assess

publication bias.
3 Results

3.1 Search results

As shown in the flow chart (Figure 1), 1893 studies (PubMed =

216; Embase = 617; Cochrane Library = 192, Web of Science = 868)

were identified. After removing duplicates, 1292 studies remained,

and 941 studies unrelated to the topic were removed. After

evaluating titles and abstracts, 83 studies remained. After a full-

text assessment, 51 of these studies were excluded due to different

reasons (e.g., non-English studies, the full text could not be found,

no relevant outcomes, sample size less than 10, and ongoing clinical

trials). Finally, 32 studies were included in the analysis.
FIGURE 1

Flow chart of the study.
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3.2 Overview of included studies

Three publications—two retrospective cohort studies and one

case-control study—reported obstetric outcomes in patients after

hysteroscopic adhesiolysis and compared them with patients

without IUA. The remaining 29 studies had no comparison

group. A summary of the included studies is presented in

Supplementary Table 1.
3.3 Risk of bias

Two authors independently assessed the risk of bias using the

Newcastle-Ottawa Scale in the three studies with a comparison

group. The results are summarized in Table 1. All three studies

scored 8 points. None of the three studies indicated whether the

control group came from the same population as the exposure

group or case series. Other included studies were evaluated in terms

of clear outcome indicators and disease definitions, such as

retrospective design, loss rate ≤ 10%, follow-up time ≥ 2 years,

prospective study, and sample size ≥ 50. The results are shown

in Figure 2.
3.4 Pregnancy rate and live birth rate

The pregnancy rate is defined as the success rate of getting

pregnant. The live birth rate is the percentage of children born who

showed any signs of life. The 32 studies analyzed reported 2251

pregnancies out of 3817 women resulting both naturally and from

assisted reproduction. Thus, the pregnancy rate was 58.97%. Live

births were reported in 23 studies with 1370 live births occurring in

3007 women, thus the live birth rate was 45.56%.
3.5 Primary outcomes

Three out of the 32 studies had a control group with a sample

size three times larger than the exposed group. These studies

showed comparable results in both arms in terms of age, BMI,

and pregnancies at baseline. All three studies described the

incidence of placenta previa. Figure 3 shows that a history of

hysteroscopic adhesiolysis in pregnant women resulted in a

significant increase in the incidence of placenta previa compared

with unexposed pregnant women (OR, 3.27; 95% CI, 1.28-8.36;

I2 = 0%). Only two studies reported the prevalence of placental

abruption after hysteroscopic adhesiolysis, which was 0 cases in 117
Frontiers in Endocrinology 04
women. For other outcomes, we conducted a meta-analysis of

individual rates as summarized in Figure 4. Placenta accreta

occurred in 80 of the 957 women, resulting in a pooled

proportion of 7% (95% CI, 4-11; I2 = 76%; P<0.01). Placenta

increta occurred in 5 of the 314 women, resulting in a pooled

proportion of 1% (95% CI, 0-4; I2 = 61%; P = 0.04). Retained

placenta occurred in 29 of the 294 women, resulting in a pooled

proportion of 11% (95% CI, 5-24; I2 = 74%; P<0.01). Postpartum

hemorrhage occurred in 122 of the 819 women, resulting in a

pooled proportion of 12% (95% CI, 8-18; I2 = 76%; P<0.01). To

evaluate publication bias, we drew funnel plots for outcomes that

have been discussed in more than 10 articles. The results are

displayed in Supplementary Figure 2. The results of Egger’s

experiment showed that there is no significant publication bias

for placenta accreta (P = 0.097) and postpartum hemorrhage

(P = 0.968).

Table 2 shows that compared with the general population, the

prevalence of placenta accreta was increased, whereas no difference

in the incidence of placenta increta, retained placenta, and

postpartum hemorrhage was observed.
3.6 Secondary outcomes

Supplementary Figure 1 and Table 2 show no significant

d i ff e rence in the preva l ence o f ec top ic pregnancy ,

oligohydramnios, gestational hypertension, gestational diabetes

mellitus, and intrauterine growth restriction in pregnant women

af ter hys teroscopic adhes io lys i s compared wi th the

general population.
4 Discussion

The overall conception rate for patients after hysteroscopic

adhesiolysis was 58.97% and the live birth rate was 45.56%. This

coincides with existing studies that report pregnancy rates between

25% and 76% and term delivery rates between 25% and 79.7% (23, 24).

These rates are lower compared with the general population likely

because the surgical operation can lead to more severe adhesions.

Our study found an increased incidence of placenta previa in the

population that had hysteroscopic adhesiolysis compared with the

general population (OR, 3.27). The mechanism by which placenta

previa occurs is not fully understood. One theory suggests that the

placenta itself does not move; instead, the placental rim atrophies in

areas with inadequate vascular supply, but migrates and continues to

grow in more vascular sites (25). We speculate that uterine adhesions

or resultant surgical procedures cause the poor decidualization of the
TABLE 1 Risk of bias assessment using the Newcastle-Ottawa Scale (for studies with a comparator group).

Author Year Selection Comparability Exposure

luping Zhang 2020 1+0+1+1 2 1+1+1

yuqing Wang 2020 1+0+1+1 2 1+1+1

Saeed Baradwan 2018 1+1+0+1 2 1+1+1
fr
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vasculature in the upper segment of the uterine cavity, making it

unsuitable for embryo implantation.

In 2019, Guo et al. published a meta-analysis on the outcomes

of patients with IUA who underwent adhesiolysis that focused on

pregnancy outcomes and obstetric complications. In contrast, our

systematic review only included literature that reported obstetric
Frontiers in Endocrinology 05
complications and not pregnancy outcomes. The placenta accreta

spectrum, formerly known as morbidly adherent placenta,

comprises placenta increta, placenta percreta, and placenta

accreta. It refers to a range of pathologic adhesions of the

placenta (10). We subdivided the placenta accreta spectrum into

placenta accreta, placenta increta, and retained placenta for separate

analyses. The analysis by Guo et al. on the placenta accreta

spectrum included 23 papers, and the pooled prevalence was

10.1% (95% CI, 8.6-11.8), whereas we obtained a prevalence of

7% from the results of 20 papers. Moreover, 5 papers reported a

placenta increta prevalence, with a pooled prevalence of 1%, 5

papers reported a retained placenta prevalence, and the pooled

prevalence was 11%. Overall, our placental disease prevalence was

slightly reduced compared with that reported by Guo et al.

Similarly, we found a decrease in the prevalence of ectopic

pregnancy (1% vs 4.2%) and intrauterine growth restriction (3%

vs 8.4%) compared with those from Guo et al. Possible reasons for

these differences are as follows: first, we included literature

published in the last 3 years to acquire more accurate results;

second, hysteroscopic equipment has improved over the years.

The main instruments used in the treatment of IUA include

sharp or blunt scissors (23), monopolar (26), or bipolar

diathermy (27). More physicians have realized that careful

dissection is needed with instruments that produce heat to avoid

destroying the endometrium. As a result, in recent years, patients

have had relatively less postoperative endometrial damage and

severe complications. Furthermore, there is an increased use of

estrogen (5), intrauterine devices (28), or Foley catheters (29) after

an operation, which helps to prevent the recurrence of uterine
A B

D

C

FIGURE 4

Forest plot diagrams of placenta accreta (A), placenta increta (B), retained placenta (C), and postpartum hemorrhage (D). (total number: number
having live births).
FIGURE 2

The quality of the papers.
FIGURE 3

Pooled fixed effects estimate of placenta previa.
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adhesions. So, IUA prognosis and pregnancy outcomes are

improving. This is in line with the reported increase in

postoperative pregnancy rates with modern advances by Guo et al.

According to our study, the prevalence of postpartum

hemorrhage in the target population was 8% to 18%. This may be

associated with an increased prevalence of placenta-related

disorders and the retention of placental membranes.

Most obstetric complications are comparable to those in the

general population. The etiology of gestational diabetes mellitus and

gestational hypertension is extremely complex, encompassing both

genetic and environmental factors. Therefore, more detailed case

information and subgroup analysis are needed to further explore

the relationship between hysteroscopic adhesiolysis and their

prevalence. These findings suggest that we should intensify

monitoring this population during all stages of pregnancy.
5 Limitations

This study has several limitations: (1) Only three of the included

studies have control groups, and the outcomes of these studies are

not uniform and comprehensive; (2) The design types of the

remaining 29 studies are not uniform and included case series,

case-control studies, cohort studies, etc. Therefore, we could only

set some quality evaluation items, and the quality of the included

literature cannot be comprehensively estimated; (3) Age or assisted

reproduction are confounding factors of obstetric complications,

but some literature did not make stratified statistics on the above

factors, so confounding bias cannot be evaluated at present; (4)

Large publication bias exists in the analysis of ectopic pregnancy.
6 Conclusions

Due to the paucity of good quality comparative data, the

question of whether there is an increased prevalence of obstetric
Frontiers in Endocrinology 06
and neonatal complications in patients after hysteroscopic remains

unanswered. However, with the help of the summary data provided

in this study, more well-designed studies can be carried out in

the future.
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cles

Pooled prevalence (%, 95%CI) in IUA
population

I2 General
population

(%)

Placenta accreta 80/957 20 7 (4-11) 76% 0.04-0.9(15)

Placenta increta 5/314 5 1 (0-4) 61% 0.01-0.16(9)
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