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Abstract 
 
Background: Approximately 15 – 20% of all clinically confirmed pregnancies end in a miscarriage. 
Intrauterine adhesions (IUAs) are a possible complication after miscarriage, but their prevalence and 
the contribution of possible risk factors have not been elucidated yet. In addition, the long-term 
reproductive outcome in relation to IUAs has to be elucidated. 
Methods: We systematically searched the literature for studies that prospectively assessed the 
prevalence and extent of IUAs in women who suffered a miscarriage. To be included, women 
diagnosed with a current miscarriage had to be systematically evaluated within 12 months by 
hysteroscopy after either spontaneous expulsion or medical or surgical treatment. Studies that 
included women with a history of recurrent miscarriage only or that evaluated the IUAs after elective 
abortion or beyond 12 months after the last miscarriage were not included. Subsequently, long-term 
reproductive outcomes after expectant (conservative), medical or surgical management were assessed 
in women with and without post-miscarriage IUAs. 
Results: We included 10 prospective studies reporting on 912 women with hysteroscopic evaluation 
within 12 months of miscarriage and 8 prospective studies, including 1770 women, reporting long-
term reproductive outcome. IUAs were detected in 183 women, resulting in a pooled prevalence of 
19.1% [95% confidence interval (CI): 12.8 – 27.5%]. The extent of IUAs was reported in 124 women 
(67.8%) and was mild, moderate and severe respectively in 58.1, 28.2 and 13.7% of cases. Relative to 
women with one miscarriage, women with two or three or more miscarriages showed an increased 
risk of IUAs by a pooled OR of 1.41 and 2.1, respectively. The number of dilatation and curettage (D&C) 
procedures seemed to be the main driver behind these associations. A total of 150 congenital and 
acquired intrauterine abnormalities were encountered in 675 women, resulting in a pooled prevalence 
of 22.4% (95% CI: 16.3 – 29.9%). Similar reproductive outcomes were reported subsequent to 
conservative, medical or surgical management for miscarriage, although the numbers of studies and 
of included women were limited. No studies reported long-term reproductive outcomes following 
post-miscarriage IUAs. 
Conclusions: IUAs are frequently encountered, in one in five women after miscarriage. In more than 
half of these, the severity and extent of the adhesions was mild, with unknown clinical relevance. 
Recurrent miscarriages and D&C procedures were identified as risk factors for adhesion formation. 
Congenital and acquired intrauterine abnormalities such as polyps or fibroids were frequently 
identified. There were no studies reporting on the link between IUAs and long-term reproductive 
outcome after miscarriage, while similar pregnancy outcomes were reported subsequent to 
conservative, medical or surgical management. Although this review does not allow strong clinical 
conclusions on treatment management, it signals an important clinical problem. Treatment strategies 
are proposed to minimize the number of D&C in an attempt to reduce IUAs. 
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Introduction 
 
The term miscarriage is used to describe a pregnancy that fails to progress before the middle of the 
second trimester (24 weeks of gestation), resulting in the death, and often expulsion, of the embryo 
or fetus.(1) Approximately 15 – 20% of all clinically recognized pregnancies will end in a miscarriage.(2-
4) Some women will experience re- current miscarriage but these are estimated to be a small 
proportion of all women experiencing a miscarriage. Miscarriage can be managed expectantly (i.e. 
conservatively), aiming at spontaneous resolution, or medically or surgically with dilatation and 
curettage (D&C). D&C has been the cornerstone in the treatment of women with a miscarriage for 
many years, based on the assumption that retained trophoblastic tissue increases the risk of infection 
and hemorrhage.(5) Over the last decade, medical treatment, primarily with mifepristone and 
misoprostol, has been introduced as a non-surgical alternative for women with early pregnancy failure 
and has proven to be cost-effective.(6, 7) However, even after medical evacuation, 30 – 50% of women 
undergo a surgical procedure because of the suspicion of incomplete evacuation.(8-10) Post-traumatic 
intrauterine adhesions (IUAs) were first described by Heinrich Fritsch in 1894.(11) In 1948, Joseph 
Asherman was the first to describe the etiology and frequency of this syndrome, ever since known as 
the Asherman syndrome.(12, 13) Since then, multiple reports addressing the cause, diagnosis and 
treatment of IUAs have been published. Although IUAs have been described after spontaneous 
miscarriage, it is mainly reported as a complication after intrauterine surgery.(14) IUAs are thought to 
develop following the destruction of the basal layer of the endometrium. In the healing process, 
opposing walls of the uterus adhere together causing minimal, marginal or complete obliteration of 
the uterine cavity.(14, 15) IUA formation is multifactorial with multiple predisposing and causal factors; 
the specific role of factors like intrauterine trauma, technique of curettage, infection, inflammation 
and retention of trophoblastic tissue has not been established yet.(14, 16) IUAs can be asymptomatic 
and remain undiscovered but often result in menstrual and fertility disorders. Menstrual disturbances 
like amenorrhea, hypomenorrhea, menorrhagia, metrorrhagia, dysmenorrhea and pelvic pain can be 
present. Although subsequent fertility is a key issue for women, little has been published and reported 
about the long-term implications of a miscarriage, in particular in patients with post-miscarriage IUAs. 
The category of possible fertility symptoms in patients with IUAs includes secondary infertility and 
recurrent miscarriages.(14) Other reported complications in patients with IUAs are miscarriage, 
ectopic pregnancy, abnormal placentation, fetal growth restriction, fetal anomalies, premature 
delivery and post-partum hemorrhage.(14, 17, 18)  
Because of the possible implications of IUAs, some investigators have advocated to perform a 
hysteroscopy after every miscarriage.(19) Early IUA detection is claimed to be important because early 
treatment can prevent further complications.(18, 20, 21) Treatment aims to restore the normal size 
and shape of the uterine cavity, normal endometrium function and to increase the chance of becoming 
pregnant.(22) However, the effect of treatment of IUAs on improvements in reproductive outcome 
has not been established. 
Hysteroscopy is considered to be the most reliable technique for IUA detection; direct vision of the 
uterine cavity enables accurate identification of their presence, localization and extent.(23, 24) 
Although heavy bleeding might impair the visualization and therefore limit this utility shortly after the 
miscarriage or in the case of symptomatic pregnancy remnants, hysteroscopy generally has the 
advantage of enabling immediate treatment following the diagnostic procedure. Furthermore, both 
congenital and acquired intrauterine abnormalities can be detected. 
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The reported prevalence of post-miscarriage IUAs varies considerably, depending on different 
parameters including the population studied, the diagnostic method applied and the classification 
system used.(25) Subsequently, the effect of number of miscarriages and D&C procedures on the rate 
of IUAs has not been established. We present a systematic review of the literature to evaluate 
adhesion formation after miscarriage and to identify potential risk factors. We also assessed long-term 
reproductive outcome following a miscarriage, particularly in women with post-miscarriage IUAs. 
 

Methods 
 
This systematic review and meta-analysis was conducted in accordance with PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Institutional review board 
approval was not sought since all data were extracted from previously published data. 
 
Systematic searches 
We searched the literature for published papers reporting on women who were systematically 
evaluated by hysteroscopy after miscarriage. The following terms were used in title or abstract 
searches or as MESH terms: ‘abortion’, ‘miscarriage’, ‘curettage’, ‘intrauterine adhesions’, ‘uterine 
adhesions’, ‘Asherman syndrome’, ‘traumatic amenorrhea’, ‘endometrial sclerosis’, ‘adhesive 
endometriosis’, ‘post-traumatic intrauterine synechiae’, ‘uterine synechiae’ and ‘uterine atresia’. The 
latter terms have been used in the past for intrauterine adhesions and were therefore included in the 
search. 
To be able to compare the long-term reproductive outcomes, a second search was performed for 
published papers in which key reproductive indicators (conception rate, pregnancy rate and 
miscarriage rate) in women following a miscarriage, in particular women with post-miscarriage IUAs, 
were reported. The following terms were used in title or abstract searches or as MESH terms: 
‘abortion’, ‘miscarriage’, ‘curettage’, ‘fertility’, ‘infertility’, ‘pregnancy rate’, ‘human’ and ‘reproductive 
outcome’. 
The following electronic databases were searched: MEDLINE (1966 to January 2013), EMBASE (1974 
to January 2013), Cochrane Central Register of Controlled Trials (CENTRAL). The search terms were 
modified according to database requirements. The reference lists of the included studies were also 
hand-searched for additional relevant studies. 
 
Paper selection procedure 
All prospective cohort, cross-sectional studies or randomized controlled trials (RCTs) reporting on 
prevalence, risk factors and/or symptoms of IUAs in women diagnosed with a current miscarriage (first 
search) and key reproductive indicators following a miscarriage (second search) were considered for 
inclusion. Original articles had to be published as full papers in peer- reviewed journals while language 
restrictions were not applied. Case reports and small case series with ,30 patients were not included. 
Studies were selected independently in a two-stage process by two researchers; the first search was 
by A.B.H. and J.A.F.H. and the second search was by A.B.H. and M.L. First, eligibility was assessed based 
on the title and abstract. Full manuscripts were obtained for all studies that were selected. In the 
second step, examination of the full manuscript was carried out to study the eligibility of the study. 
Additional information was sought from authors if papers contained insufficient information. 
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Eligibility criteria 
Studies reporting the prevalence of post-miscarriage IUAs had to include women with a previous 
miscarriage, in whom within 12 months after spontaneous expulsion or medical or surgical treatment 
a hysteroscopy was per- formed to study the presence of IUAs. Studies reporting on women after 
elective abortion were excluded; elective abortion is considered a different clinical condition, 
implicating the possibility of a difference in adhesion formation. Studies mainly evaluating women 
because of a history of recurrent miscarriage, without a recent miscarriage within 12 months, were 
also excluded. These articles evaluated a selective group, women with a history of recurrent 
miscarriage who did not achieve a new pregnancy, to elucidate possible causal factors. We excluded 
these studies since we consider them to evaluate a group with a potentially higher prevalence of 
intrauterine abnormalities, causing the risk of overestimation of IUAs due to selection bias. The 
presence of IUAs had to be studied as a primary or secondary outcome parameter. A hysteroscopic 
evaluation of the uterine cavity after miscarriage for the presence of adhesions was obligatory; studies 
in which other diagnostic methods were used for evaluation were not included. 
In the second search, studies had to report time to conception, conception rate, pregnancy rates 
and/or miscarriage rates by natural conception in women with post-miscarriage IUAs and/or women 
following conservative, medical or surgical management of miscarriage. Studies reporting reproductive 
outcomes of sub fertile couples or after assisted reproductive treatment (ART) were excluded. Papers 
describing obstetric complications, apart from miscarriage, in the pregnancy subsequent to 
miscarriage were also excluded. Women with a history of recurrent miscarriage were excluded. The 
prevalence of other factors affecting long-term reproductive outcome, such as sub- sequent 
miscarriage, is expected to be increased in this selected population. By including this group, the 
relationship between adhesions and subsequent pregnancy outcome is affected and cannot be 
interpreted because of selection bias. Overall, women had to be included consecutively and 
independent of their symptoms. 
 
Nomenclature 
The nomenclature used to describe clinical events in early pregnancy in this paper was according to 
the revised terminology by the ESHRE Special Interest Group for Early Pregnancy (SIGEP).(26) A 
miscarriage was defined as the spontaneous expulsion of products of conception or the disappearance 
of fetal heart activity on ultrasound or a gestational sac that did not grow in consecutive ultrasound 
examinations during the first 20 weeks of gestation. A delayed miscarriage, previously named missed 
abortion, was defined as an anembryonic pregnancy without blood loss or expulsion of products of 
conception. Women were divided into conservative, medical or surgical treatment groups depending 
on the treatment received. 
 
Outcome measures 
The primary outcome measure was the presence and degree of the reported IUAs. Secondary meta-
analyses were performed to estimate the associations between prevalence of IUAs and type of 
miscarriage, number of miscarriages or number of curettage procedures. Furthermore, the 
frequencies of both congenital and acquired abnormalities, such as polyps and fibroids, were assessed 
if reported. Subsequently, in the second analysis, conception, live birth and miscarriage rates and time 
to conception in women diagnosed with IUAs following a miscarriage were assessed and compared for 
women after conservative, medical or surgical management of a miscarriage. 
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Extent and degree of intrauterine adhesions 
To enable evaluation of the extent and degree of IUAs and outline prognosis and results of treatment, 
a classification system is essential. Over time a variety of updated classifications systems have been 
used, based on different diagnostic tools, clinical presentation and past reproductive performance. 
Unfortunately, the classification systems are not uniformly used and none have been validated by 
clinical studies.(27) The most used IUA classification systems are the classification of March et al., the 
American Fertility Society (AFS) classification, the European Society of Hysteroscopy (ESH) classification 
and the European Society of Gynecological Endoscopy (ESGE) classification. In the classification system 
of March et al. (1978), the adhesions are categorized in minimal, moderate and severe groups based 
on a combination of the type of adhesions and cavity involvement. The American Fertility Society 
(1988) classification of IUAs is based on the extent of cavity involvement, type of adhesions and 
menstrual pattern. Cumulative scores determine the severity ranging from stage I to III. The ESGE 
emerged from the ESH; both classifications are based on a combination of the type of adhesions, site 
and extent of cavity involvement and the presence of amenorrhea or pronounced hypomenorrhea.(28, 
29) The severity of the adhesion is classified in seven grades. In order to allow eventual meta-analyses, 
we re-categorized the severity of adhesions in three categories, based on data extracted from the 
reported classification system. The categories were defined as mild, moderate or severe depending on 
the scale of the different classification systems (Table 1). 
 
Table 1 Defined clinical categories to describe the extent and degree of intrauterine adhesions (IUAs) 
after miscarriage 

 Classification systems 
Clinical category American 

Fertility Society 
(AFS) 1988 

European Society 
of Hysteroscopy 
(ESH) 1989a 

European Society 
of Gynecological 
Endoscopy (ESGE) 
1995 

March 1978 

Mild Stage I Stage I Stage I Mild 
Moderate Stage II Stage II, IIa or III Stage IIa or III Moderate 
Severe Stage III Stage IIIa, IIIb or 

IV 
Stage IV, Va or Vb Severe 

athe European Society of Hysteroscopy (ESH) was adopted by the European Society of Gynecological Endoscopy (ESGE) in 
1995 

Classification of intrauterine abnormalities 
Intrauterine malformations found by hysteroscopy can be divided into congenital and acquired 
abnormalities. Congenital uterine abnormalities may arise from malformation at any step of the 
Müllerian developmental process and are classified in different groups, some with further division in 
subtypes.(30) Acquired intrauterine abnormalities include uterine polyps, leiomyoma, retained 
products of conception and endometritis. The prevalence of intrauterine abnormalities was calculated 
for the entire group and furthermore, according to the number of miscarriages. 
 
Data extraction and assessment of methodological quality 
The following information was extracted from the included studies: publication year, study design, 
inclusion and exclusion criteria, patients’ characteristics, treatment received, duration of follow-up, 
evaluation after miscarriage, congenital and acquired intrauterine abnormalities, evaluation of 
adhesions and IUA occurrence rate. If available, the degree and extent of IUAs were also extracted. 
Potential prognostic factors such as infection or inflammation contributing to adhesion formation were 
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analyzed if systematically registered in the paper. Data on the long-term reproductive outcomes 
(cumulative conception, live birth, miscarriage rates and time to conception) in women following 
miscarriage, in particular women with post-miscarriage IUAs, were assessed. The methodological 
quality of the selected papers was evaluated independently by two reviewers (A.B.H. and J.A.F.H.) 
using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement-
Checklist.(31) The checklist consists of key elements that should be transparently addressed and 
reported concerning objectives, study design, patient selection, verification, statistical method, 
outcome data and main results, limitation and generalizability. During evaluation, items are ‘rated ‘1’ 
if the content is transparently and adequately described, ‘0’ if items are inadequately or insufficiently 
reported and ‘NA’ if not applicable. The final score is the number of items scored ‘1’, with a maximum 
of 34. Discordant ratings of the two researchers were adjusted through consultation with a third author 
(H.A.M.B.). 
 
Data analysis 
Statistical analyses were conducted using the Review Manager (RevMan) version 5.0 software 
(Cochrane Collaboration) and SAS 9.3 (SAS Institute, Cary, NC, USA). For each study separately, the 
odds ratio (OR) with 95% confidence interval (CI) was calculated for dichotomous variables. The 
presence of statistical heterogeneity was determined using the I2 statistics. Heterogeneity was 
considered substantial when I2 was >50%.(32, 33) In order to compare the overall prevalence of IUAs 
in women following miscarriage and in women with one versus more than one miscarriage, in- 
complete versus delayed miscarriage or one D&C versus more than one D&C, pooled ORs and 95% 
confidence intervals (CI) were calculated. Differences in the incidence of IUAs in women with one, two, 
three or more miscarriages were tested using meta-regression. Depending on the presence of 
statistical heterogeneity, the data of studies were pooled on the basis of a fixed effects model or a 
random effects model. Cumulative conception, live birth and miscarriage rates were calculated for 
women with IUAs after miscarriage and compared for women after conservative, medical or surgical 
management of the miscarriage. For all tests performed, statistical significance was determined at P 
<0.05. 

 
Results 
 
Prevalence of post-miscarriage intrauterine adhesions 
Using the limitations ‘human only’ and ‘clinical trial’, the first search strategy yielded 804 citations 
including 201 duplicates. The quorum flow diagram illustrating the selection procedure is shown in 
Figure 1. Of the 603 remaining articles, 503 were excluded after title and abstract selection as they did 
not study IUAs in relation to miscarriages. One potential eligible article was not available for full 
manuscript reviewing even after contacting the author and publisher.(34) After reviewing full 
manuscripts of the remaining 99 articles, 63 papers were excluded; the reason for exclusion was lack 
of uterine evaluation after miscarriage. Five articles that used hysterosalpingography for uterine 
evaluation (35-39) were also excluded. Additionally, 19 papers were excluded from analysis; 17 articles 
reported on women evaluated because of recurrent miscarriages in their reproductive history, without 
a recent miscarriage within 12 months (40-56), one reported on infertile women with a history of 
curettage (57) and one reported on women after elective induced abortion (58). Two case series with 
respectively 3 and 10 women were also excluded.(59, 60) 
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Extent and degree of intrauterine adhesions 
To enable evaluation of the extent and degree of IUAs and outline prognosis and results of treatment, 
a classification system is essential. Over time a variety of updated classifications systems have been 
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American Fertility Society (AFS) classification, the European Society of Hysteroscopy (ESH) classification 
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of March et al. (1978), the adhesions are categorized in minimal, moderate and severe groups based 
on a combination of the type of adhesions and cavity involvement. The American Fertility Society 
(1988) classification of IUAs is based on the extent of cavity involvement, type of adhesions and 
menstrual pattern. Cumulative scores determine the severity ranging from stage I to III. The ESGE 
emerged from the ESH; both classifications are based on a combination of the type of adhesions, site 
and extent of cavity involvement and the presence of amenorrhea or pronounced hypomenorrhea.(28, 
29) The severity of the adhesion is classified in seven grades. In order to allow eventual meta-analyses, 
we re-categorized the severity of adhesions in three categories, based on data extracted from the 
reported classification system. The categories were defined as mild, moderate or severe depending on 
the scale of the different classification systems (Table 1). 
 
Table 1 Defined clinical categories to describe the extent and degree of intrauterine adhesions (IUAs) 
after miscarriage 

 Classification systems 
Clinical category American 

Fertility Society 
(AFS) 1988 

European Society 
of Hysteroscopy 
(ESH) 1989a 

European Society 
of Gynecological 
Endoscopy (ESGE) 
1995 

March 1978 

Mild Stage I Stage I Stage I Mild 
Moderate Stage II Stage II, IIa or III Stage IIa or III Moderate 
Severe Stage III Stage IIIa, IIIb or 

IV 
Stage IV, Va or Vb Severe 

athe European Society of Hysteroscopy (ESH) was adopted by the European Society of Gynecological Endoscopy (ESGE) in 
1995 

Classification of intrauterine abnormalities 
Intrauterine malformations found by hysteroscopy can be divided into congenital and acquired 
abnormalities. Congenital uterine abnormalities may arise from malformation at any step of the 
Müllerian developmental process and are classified in different groups, some with further division in 
subtypes.(30) Acquired intrauterine abnormalities include uterine polyps, leiomyoma, retained 
products of conception and endometritis. The prevalence of intrauterine abnormalities was calculated 
for the entire group and furthermore, according to the number of miscarriages. 
 
Data extraction and assessment of methodological quality 
The following information was extracted from the included studies: publication year, study design, 
inclusion and exclusion criteria, patients’ characteristics, treatment received, duration of follow-up, 
evaluation after miscarriage, congenital and acquired intrauterine abnormalities, evaluation of 
adhesions and IUA occurrence rate. If available, the degree and extent of IUAs were also extracted. 
Potential prognostic factors such as infection or inflammation contributing to adhesion formation were 
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analyzed if systematically registered in the paper. Data on the long-term reproductive outcomes 
(cumulative conception, live birth, miscarriage rates and time to conception) in women following 
miscarriage, in particular women with post-miscarriage IUAs, were assessed. The methodological 
quality of the selected papers was evaluated independently by two reviewers (A.B.H. and J.A.F.H.) 
using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement-
Checklist.(31) The checklist consists of key elements that should be transparently addressed and 
reported concerning objectives, study design, patient selection, verification, statistical method, 
outcome data and main results, limitation and generalizability. During evaluation, items are ‘rated ‘1’ 
if the content is transparently and adequately described, ‘0’ if items are inadequately or insufficiently 
reported and ‘NA’ if not applicable. The final score is the number of items scored ‘1’, with a maximum 
of 34. Discordant ratings of the two researchers were adjusted through consultation with a third author 
(H.A.M.B.). 
 
Data analysis 
Statistical analyses were conducted using the Review Manager (RevMan) version 5.0 software 
(Cochrane Collaboration) and SAS 9.3 (SAS Institute, Cary, NC, USA). For each study separately, the 
odds ratio (OR) with 95% confidence interval (CI) was calculated for dichotomous variables. The 
presence of statistical heterogeneity was determined using the I2 statistics. Heterogeneity was 
considered substantial when I2 was >50%.(32, 33) In order to compare the overall prevalence of IUAs 
in women following miscarriage and in women with one versus more than one miscarriage, in- 
complete versus delayed miscarriage or one D&C versus more than one D&C, pooled ORs and 95% 
confidence intervals (CI) were calculated. Differences in the incidence of IUAs in women with one, two, 
three or more miscarriages were tested using meta-regression. Depending on the presence of 
statistical heterogeneity, the data of studies were pooled on the basis of a fixed effects model or a 
random effects model. Cumulative conception, live birth and miscarriage rates were calculated for 
women with IUAs after miscarriage and compared for women after conservative, medical or surgical 
management of the miscarriage. For all tests performed, statistical significance was determined at P 
<0.05. 

 
Results 
 
Prevalence of post-miscarriage intrauterine adhesions 
Using the limitations ‘human only’ and ‘clinical trial’, the first search strategy yielded 804 citations 
including 201 duplicates. The quorum flow diagram illustrating the selection procedure is shown in 
Figure 1. Of the 603 remaining articles, 503 were excluded after title and abstract selection as they did 
not study IUAs in relation to miscarriages. One potential eligible article was not available for full 
manuscript reviewing even after contacting the author and publisher.(34) After reviewing full 
manuscripts of the remaining 99 articles, 63 papers were excluded; the reason for exclusion was lack 
of uterine evaluation after miscarriage. Five articles that used hysterosalpingography for uterine 
evaluation (35-39) were also excluded. Additionally, 19 papers were excluded from analysis; 17 articles 
reported on women evaluated because of recurrent miscarriages in their reproductive history, without 
a recent miscarriage within 12 months (40-56), one reported on infertile women with a history of 
curettage (57) and one reported on women after elective induced abortion (58). Two case series with 
respectively 3 and 10 women were also excluded.(59, 60) 
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Figure 1 Flow diagram illustrating the selection procedure of relevant articles reporting on IUA post 
miscarriage. HSG= hysterosalpingography 

 

 

Description and quality of included studies assessing post-miscarriage intrauterine adhesions 
One RCT (61), eight prospective cohort studies (62-69) and one prospective cross-sectional study (19) 
met the inclusions criteria. The characteristics of the included studies are presented in Table 2. In the 
only RCT (61), women with a miscarriage were randomized to receive prophylactic doxycycline, 
prophylactic doxycycline plus conjugated equine estrogen or no treatment for prevention of IUAs 
following D&C. The prospective cohort study of Tam et al. (2002) was a follow-up study of women en- 
rolled in a previous RCT. In the initial study (70), women diagnosed with a complete spontaneous 
miscarriage were managed conservatively; otherwise women were randomly allocated to either D&C 
or treatment with misoprostol. In one study, women after IVF-embryo transfer with early pregnancy 
failure were analyzed, but the method of treatment was not stated.(69) In the remaining seven studies 
(Table 2), six prospective cohort studies and one cross-sectional study, women diagnosed with a 
current miscarriage were subjected to D&C and evaluated after surgery for the presence of IUAs. A 
total of 912 women evaluated by post-miscarriage hysteroscopy were included in the studies, ranging 
from 53 to 151 women per study, with a mean of 91. The hysteroscopy was performed between 1 and 
12 months following the miscarriage. The majority of the 781 patients (86%) were treated by curettage 
whereas only 22 patients (2.4%) had been treated medically while 25 (2.7%) were evaluated after a 
spontaneous miscarriage without any intervention. For the remaining 84 women (9.2%), the treatment 
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method was not stated. In three studies (19, 67, 68), 30% of women were lost to follow-up, as shown 
in Table 2. Given the substantial proportion of women not revised, inducing some kind of verification 
bias, a separate analysis was performed excluding these studies. The results of the assessment of the 
methodological quality of the included studies using the STROBE checklist are reported in 
Supplementary data, Table SI. The included studies had a mean item score of 17.5 (from 31 relevant 
items), ranging between 14 and 25. 
 
Table 2 Characteristics of the included studies reporting on the prevalence of post miscarriage intra 
uterine adhesions (IUAs) 

Study Design period Characteristics of 
The patients 

Treat- 
ment 

N Mean 
age 
(range) 

System Follow-up 
Hysteroscopy 

Lost to 
follow-
up (%) 

IUAs (%) Other 
abnor-
malities 
(%) 

Congendez 
et al. 
(2011) 

PCS 2005-
2007 

Women with a 
miscarriage during 
the first 20 weeks of 
gestation 

D&C 151 28.6 
(18-42) 

AFS End of first 
menstruation 

0 14 (9.3%) 45 
(29.8%) 

Wang et al. 
(2011) 

PCS NR Women with early 
pregnancy loss after 
IVF-ET 

NR 84 NR NR Period to 
next 
treatment 

0 32 
(38.1%) 

26 
(31.0%) 

Kuzel et al. 
(2011) 

PCS NR Women with a 
delayed miscarriage 

D&C 100 32 (21-
43) 

ESH 4-12 weeks 0 7 (7%) 18 (18%) 

Salzani et 
al. (2007) 

CSS NR Women with a 
miscarriage 

D&C 109 28.4 
(18-45) 

ESH 3-12 months 169 
(60.8%) 

41 
(37.6%) 

NR 

Yasar et al. 
(2004) 

RCT NR Women with a 
delayed miscarriage 

D&C 58 NR NR 8 weeks 0 13 
(22.4%) 

NR 

Tam et al. 
(2002) 

PCS 1995-
1998 

Women with a 
miscarriage 

Exp, 
D&C, 
MIS 

70 29 (15-
44) 

AFS 6 months 56 
(44.4%) 

2 (2.9%) NR 

Römer 
(1996) 

PCS 1991-
1995 

Women with an 
incomplete or 
delayed miscarriage 
and who had a 
desire of further 
pregnancy 

D&C 80 27.7 SD 
5.4 

ESH 8-12 weeks 43 
(35.0%) 

20 (25%) 20 (25%) 

Römer 
(1994) 

PCS 1991-
1993 

Women with an 
incomplete or 
delayed miscarriage 
and who had a 
desire of further 
pregnancy 

D&C 53 27.5 SD 
5.4 

ESH 6-12 weeks 0 16 
(30.2%) 

14 
(26.4%) 

Friedler et 
al (1993) 

PCS 1990 Women with an 
incomplete or 
delayed miscarriage 
between 7th and 
12th week of 
gestation 

D&C 147 34 (19-
41) 

March After first 
menstruation 

10 (6.4%) 28 
(19.0%) 

10 (6.8%) 

Golan et al 
(1992) 

PCS NR Women with a 
delayed miscarriage 

D&C 60 30 (19-
41) 

NR 8-12 weeks 0 10 
(16.7%) 

15 (25%) 

PSC, prospective cohort study; CCS, cross-sectional study; RCT, randomized controlled trial; NR, not reported; Exp, expectant 
management; D&C, dilation and curettage; MIS, misoprostol treatment; aAFS, American Fertility Society, ESH, European 
Society of Hysteroscopy 
 
Intrauterine adhesions 
Overall, IUAs were detected in 183 of the 912 women, resulting in a pooled prevalence of 19.1% (95% 
CI: 12.8 – 27.5%), I2 = 86%, P <0.001. When the studies with significant numbers lost to follow-up were 
excluded, the result did not change significantly; the pooled prevalence was 19.7% (95% CI: 12.0 – 
29.7%). 
In one study, some of the women were treated by expectant management (n=25) or medically (n=22), 
and no IUAs were reported in these women. In nine studies women were treated by D&C, and IUAs 
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Figure 1 Flow diagram illustrating the selection procedure of relevant articles reporting on IUA post 
miscarriage. HSG= hysterosalpingography 
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total of 912 women evaluated by post-miscarriage hysteroscopy were included in the studies, ranging 
from 53 to 151 women per study, with a mean of 91. The hysteroscopy was performed between 1 and 
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whereas only 22 patients (2.4%) had been treated medically while 25 (2.7%) were evaluated after a 
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method was not stated. In three studies (19, 67, 68), 30% of women were lost to follow-up, as shown 
in Table 2. Given the substantial proportion of women not revised, inducing some kind of verification 
bias, a separate analysis was performed excluding these studies. The results of the assessment of the 
methodological quality of the included studies using the STROBE checklist are reported in 
Supplementary data, Table SI. The included studies had a mean item score of 17.5 (from 31 relevant 
items), ranging between 14 and 25. 
 
Table 2 Characteristics of the included studies reporting on the prevalence of post miscarriage intra 
uterine adhesions (IUAs) 
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The patients 
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N Mean 
age 
(range) 

System Follow-up 
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Lost to 
follow-
up (%) 

IUAs (%) Other 
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malities 
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Women with a 
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AFS End of first 
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0 14 (9.3%) 45 
(29.8%) 
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(2011) 
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next 
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delayed miscarriage 

D&C 100 32 (21-
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Yasar et al. 
(2004) 

RCT NR Women with a 
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D&C 58 NR NR 8 weeks 0 13 
(22.4%) 
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Tam et al. 
(2002) 

PCS 1995-
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Women with a 
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Exp, 
D&C, 
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PCS 1991-
1995 

Women with an 
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March After first 
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PSC, prospective cohort study; CCS, cross-sectional study; RCT, randomized controlled trial; NR, not reported; Exp, expectant 
management; D&C, dilation and curettage; MIS, misoprostol treatment; aAFS, American Fertility Society, ESH, European 
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Intrauterine adhesions 
Overall, IUAs were detected in 183 of the 912 women, resulting in a pooled prevalence of 19.1% (95% 
CI: 12.8 – 27.5%), I2 = 86%, P <0.001. When the studies with significant numbers lost to follow-up were 
excluded, the result did not change significantly; the pooled prevalence was 19.7% (95% CI: 12.0 – 
29.7%). 
In one study, some of the women were treated by expectant management (n=25) or medically (n=22), 
and no IUAs were reported in these women. In nine studies women were treated by D&C, and IUAs 



30 | Chapter 2

25 
 

were identified in 151 of the 781 patients, with a pooled prevalence of 18.5% (95% CI: 12.6 – 26.4%), 
I2 = 82.5%, P <0.001, while the pooled prevalence did not change significantly when studies with 
significant numbers lost to follow-up were excluded; 16.3% (95% CI: 11.2 – 23.1%). In the 10th study 
(69), the treatment method was not mentioned and IUAs were detected in 32 of the 84 patients 
(38.1%; 95% CI: 28.4 – 48.8%). 
The extent and degree of the adhesions were reported in seven studies accounting for 124 women 
with adhesions, 67.8% of all women with adhesions. The adhesions were classified according to the 
ESH/ESGE, AFS and March systems in four, one and one studies, respectively, while in one study the 
classification system was not stated (Table 2). In one article (67), the moderate and severe adhesions 
of seven patients were not separately reported; we considered these patients to have moderate 
adhesions. The extent of the reported IUAs is reported in Table 3; in 72 patients (58.1%) mild adhesions 
were reported, in 35 (28.2%) the adhesions were moderate and in 17 (13.7%) the adhesions were 
severe. 
 
Table 3 Extent of reported intra uterine adhesions (IUAs) after miscarriage 

Extent of IUA Cases % 
Stated 124 67 
Mild 72 58.1 
Moderate 35 25.2 
Severe 17 13.7 
Not stated 59 32 
Total 183 100 

 
Numbers of miscarriages 
Results of the meta-analysis are summarized in Figure 2. The data of seven prospective studies were 
pooled to compare the prevalence of IUAs in women with more than one versus one miscarriage 
(Figure 2A). There were 63 cases of IUAs among 270 women with more than one miscarriage compared 
with 69 cases among 430 women with one miscarriage, OR 1.99 (95% CI: 1.32 – 3.00), I2 = 0%, P = 
0.001. Excluding two studies with significant loss to follow-up resulted in an OR 2.08 (95% CI:1.25– 
3.48). Women with more than one miscarriage had statistically significantly more IUAs compared with 
women with one miscarriage. The vast majority of the patients were managed surgically. 
IUAs were detected in 17 of 77 women with three or more miscarriages compared with 21 cases among 
111 women with two miscarriages (Figure 2B), OR 1.52 (95% CI: 0.68 – 3.38), I2 = 0%, P = 0.30. Excluding 
one study with significant loss to follow-up resulted in an OR 1.38 (95% CI: 0.57 – 3.31). No significant 
differences in IUAs were found between women with two or three miscarriages. Relative to women 
with one miscarriage, women with two miscarriages showed no statistical significant risk OR 1.41 (95% 
CI: 0.78 – 2.5) but women with three or more miscarriages showed a statistically significantly increased 
risk of IUAs OR 2.1 (95% CI: 1.09 – 4.1). Figure 2E shows the reported prevalence of IUAs per study as 
well as the pooled estimates across the three groups. 
 
Type of miscarriage and numbers of D&C procedures 
In four studies, there were 68 cases of IUAs among 234 women with an incomplete miscarriage 
compared with 37 cases of IUAs among 155 women with a delayed miscarriage (Figure 2C), with an OR 
of 1.22 (95% CI: 0.76 – 1.96), I2 ¼ 21%, P ¼ 0.41. Excluding two studies with significant loss to follow-
up resulted in OR 1.59 (95% CI: 0.82 – 3.10). No significant differences were found in IUAs in the women 
with incomplete and delayed miscarriage. In seven studies, after more than one D&C, 59 cases of IUAs 
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were detected among 253 women compared with 70 cases in 443 women after one D&C (Fig. 2D), OR 
2.05 (95% CI: 1.35 – 3.12), I2 = 0%, P <0.001. Excluding two studies with significant loss to follow-up 
resulted in an OR 2.06 (95% CI: 1.23 – 3.46). Women with more than one D&C had statistically 
significantly more IUAs compared with women with one D&C. 
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CI: 0.78 – 2.5) but women with three or more miscarriages showed a statistically significantly increased 
risk of IUAs OR 2.1 (95% CI: 1.09 – 4.1). Figure 2E shows the reported prevalence of IUAs per study as 
well as the pooled estimates across the three groups. 
 
Type of miscarriage and numbers of D&C procedures 
In four studies, there were 68 cases of IUAs among 234 women with an incomplete miscarriage 
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were detected among 253 women compared with 70 cases in 443 women after one D&C (Fig. 2D), OR 
2.05 (95% CI: 1.35 – 3.12), I2 = 0%, P <0.001. Excluding two studies with significant loss to follow-up 
resulted in an OR 2.06 (95% CI: 1.23 – 3.46). Women with more than one D&C had statistically 
significantly more IUAs compared with women with one D&C. 
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Figure 2 Summary of meta-analysis presenting odds ratio (OR) with 95% confidence interval (CI)for 
number (A and B) or type (C) of miscarriage and number of D&C procedures (D). (E) The reported 
prevalence per study as well as the pooled estimates across women with one, two and three or more 
miscarriages. Abbreviations: D&C, dilatation and curettage; IUAs, intra uterine adhesions; Mis, 
miscarriage 
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Intrauterine abnormalities 
Seven studies reported on the prevalence of intrauterine abnormalities, other than adhesions, 
assessed by hysteroscopy. Overall, 150 cases of intrauterine abnormalities were detected in 675 
women, resulting in a pooled prevalence of 22.4% (95% CI: 16.3 –29.9%), I2 = 68.5%, P = 0.001. When 
the studies with significant loss to follow-up were excluded, the pooled prevalence did not change 
significantly, 22.0% (95% CI: 15.3 –30.6%). The prevalence of intrauterine abnormalities was 12.5% 
(34/271) after one miscarriage and 29.4% (55/187) after more than one miscarriage, and the difference 
was statistically significant, P <0.0001. Congenital abnormalities were reported in 92 women, 
accounting for 61.3% of all encountered abnormalities. The most reported anomaly was the septate 
uterus or bicornual uterus in 69 of the 92 women (75.0%), followed by the arcuate uterus (19.6%), 
hypoplastic uterus (3.3%) and unicornuate uterus in respectively three (3.3%) and two (2.2%) women. 
The most reported acquired uterine abnormality was uterine polyps in 28 of 58 women (48.3%) with 
an acquired abnormality, followed by leiomyoma, endometritis and retained products of conception 
in 15 (25.9%), 10 (17.2%) and 5 (8.6%) women, respectively. The influence of infection or inflammation 
on the formation of IUAs could not be examined due to insufficient reports of this event while the use 
of antibiotics was not stated. The effect of estradiol application was studied in three studies, but was 
insufficient for analysis. Information concerning the indication for, and the method of, performing D&C 
was not stated. As such, these possible risk factors could not be examined. 
 
Long-term fertility and reproductive outcome 
A second literature search was performed for relevant articles reporting on long-term reproductive 
outcomes in women following a miscarriage, especially in women with post-miscarriage IUAs. The 
study selection and number of included studies are reported in Figure 3. In summary, 4553 potentially 
relevant citations were identified, including 715 duplicates. After title and abstract selection 3694 
citations were excluded, because it was clear that they did not fulfill the inclusion criteria. After 
reviewing the full manuscripts of the remaining 144 articles, 100 were excluded from analysis: 71 
articles did not report on follow-up after miscarriage, while 29 articles reported long-term 
reproductive out- comes in subfertile couples or after assisted conception. Subsequently, 36 articles 
were excluded including 12 articles reporting on symptomatic women with IUAs, i.e. women with 
menstrual disturbances and/or infertility.(17, 18, 21, 71-79) Eleven studies examined the associations 
between pregnancy and obstetric complications and past reproductive performance in population-
based cohorts and were excluded.(80-90) Seven articles evaluating women with recurrent pregnancy 
loss (91-97), three case reports (98-100) and one article (101) reporting unplanned conceptions 
following miscarriage were excluded. Furthermore, two retrospective articles reporting on 
reproductive outcomes following a miscarriage were excluded.(102, 103) 
 
Description and quality of included studies assessing long-term reproductive outcome 
Finally, eight prospective studies (Table 4) were identified, in which key reproductive indicators 
following a miscarriage were reported.(5, 104-110) A total of 1770 women who had suffered a 
miscarriage were included in the eight studies. The results of the assessment of the methodological 
quality of the eight included prospective studies using the STROBE checklist are reported in 
Supplementary data, Table SII. The included studies had a mean item score of 14.4 (from 31 relevant 
items), ranging between 11 and 29. 
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Figure 2 Summary of meta-analysis presenting odds ratio (OR) with 95% confidence interval (CI)for 
number (A and B) or type (C) of miscarriage and number of D&C procedures (D). (E) The reported 
prevalence per study as well as the pooled estimates across women with one, two and three or more 
miscarriages. Abbreviations: D&C, dilatation and curettage; IUAs, intra uterine adhesions; Mis, 
miscarriage 
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Intrauterine abnormalities 
Seven studies reported on the prevalence of intrauterine abnormalities, other than adhesions, 
assessed by hysteroscopy. Overall, 150 cases of intrauterine abnormalities were detected in 675 
women, resulting in a pooled prevalence of 22.4% (95% CI: 16.3 –29.9%), I2 = 68.5%, P = 0.001. When 
the studies with significant loss to follow-up were excluded, the pooled prevalence did not change 
significantly, 22.0% (95% CI: 15.3 –30.6%). The prevalence of intrauterine abnormalities was 12.5% 
(34/271) after one miscarriage and 29.4% (55/187) after more than one miscarriage, and the difference 
was statistically significant, P <0.0001. Congenital abnormalities were reported in 92 women, 
accounting for 61.3% of all encountered abnormalities. The most reported anomaly was the septate 
uterus or bicornual uterus in 69 of the 92 women (75.0%), followed by the arcuate uterus (19.6%), 
hypoplastic uterus (3.3%) and unicornuate uterus in respectively three (3.3%) and two (2.2%) women. 
The most reported acquired uterine abnormality was uterine polyps in 28 of 58 women (48.3%) with 
an acquired abnormality, followed by leiomyoma, endometritis and retained products of conception 
in 15 (25.9%), 10 (17.2%) and 5 (8.6%) women, respectively. The influence of infection or inflammation 
on the formation of IUAs could not be examined due to insufficient reports of this event while the use 
of antibiotics was not stated. The effect of estradiol application was studied in three studies, but was 
insufficient for analysis. Information concerning the indication for, and the method of, performing D&C 
was not stated. As such, these possible risk factors could not be examined. 
 
Long-term fertility and reproductive outcome 
A second literature search was performed for relevant articles reporting on long-term reproductive 
outcomes in women following a miscarriage, especially in women with post-miscarriage IUAs. The 
study selection and number of included studies are reported in Figure 3. In summary, 4553 potentially 
relevant citations were identified, including 715 duplicates. After title and abstract selection 3694 
citations were excluded, because it was clear that they did not fulfill the inclusion criteria. After 
reviewing the full manuscripts of the remaining 144 articles, 100 were excluded from analysis: 71 
articles did not report on follow-up after miscarriage, while 29 articles reported long-term 
reproductive out- comes in subfertile couples or after assisted conception. Subsequently, 36 articles 
were excluded including 12 articles reporting on symptomatic women with IUAs, i.e. women with 
menstrual disturbances and/or infertility.(17, 18, 21, 71-79) Eleven studies examined the associations 
between pregnancy and obstetric complications and past reproductive performance in population-
based cohorts and were excluded.(80-90) Seven articles evaluating women with recurrent pregnancy 
loss (91-97), three case reports (98-100) and one article (101) reporting unplanned conceptions 
following miscarriage were excluded. Furthermore, two retrospective articles reporting on 
reproductive outcomes following a miscarriage were excluded.(102, 103) 
 
Description and quality of included studies assessing long-term reproductive outcome 
Finally, eight prospective studies (Table 4) were identified, in which key reproductive indicators 
following a miscarriage were reported.(5, 104-110) A total of 1770 women who had suffered a 
miscarriage were included in the eight studies. The results of the assessment of the methodological 
quality of the eight included prospective studies using the STROBE checklist are reported in 
Supplementary data, Table SII. The included studies had a mean item score of 14.4 (from 31 relevant 
items), ranging between 11 and 29. 



34 | Chapter 2

29 
 

 
Table 4 Characteristics of the prospective studies reporting long term reproductive outcome after 
miscarriage 

Study Design Period Characteristics of the women Follow-
up (m) 

Treatment N Conception 
rate (%) 

Life birth 
rate (%) 

Miscarriage 
rate (%) 

Smith et al 
(2009) 

PCS 2005-
2007 

Women with a miscarriage (13 
weeks) enrolled in a previous 
RCT comparing expectant, 
surgical and medical 
evacuation were followed by 
questionnaires 

70 EXP 
MED 
D&C 

224 
230 
235 

NR 117/224 
(79) 
181/230 
(79) 
192/235 
(82) 

NR 

Fontanarosa 
et al (2007) 

PCS NR Women with a symptomatic 
early miscarriage managed 
conservatively followed up by 
telephone survey 

12 EXP 60 49/60 (81) NR NR 

Tam et al 
(2005) 

PCS 1995-
1998 

women enrolled in a previous 
RCT comparing medical and 
surgical evacuation were 
followed up by telephone 
survey 

48-108 MED 
D&C 

131 
130 

128/131 
(98) 
127/130 
(98) 

109/128 
(85) 
112/127 
(88) 

17/128 (13) 
14/127 (11) 

Graziosi et al 
(2004) 

PCS 2001-
2003 

Women with a miscarriage (14 
weeks) enrolled in a previous 
RCT comparing surgical and 
medical evacuation, were 
followed up by telephone 
survey 

12 MED 
D&C 

69 
57 

65/69 (94) 
54/57 
(95%) 
 

60/69 (87) 
50/57 (87) 

NR 

Adelusi et al 
(1998) 

PCS 1992 Women who spontaneously 
aborted after suffering a 
spontaneous miscarriage in an 
obstetric clinic were followed 

6-48 EXP 273 222/273 
(81) 

NR NR 

Blohm et al 
(1997) 

PCS 1993-
1994 

Women with a miscarriage 
enrolled in a previous RCT 
comparing expectant and 
surgical management were 
followed up by questionnaires 

24 D&C 
EXP 

37 
76 

33/37 (73) 
69/76 (91) 

NR NR 

Kaplan et al 
(1996) 

PCS NR Women with first trimester 
miscarriage (8 weeks) managed 
conservatively were followed 
up on future fertility 

18 EXP 161 118/161 
(73) 

75/118 (64) 35/118 (30) 

Ben-Baruch 
(1991) 

PCS 1983-
1988 

Women with a miscarriage (10 
weeks) managed 
conservatively 

12-72 EXP 35 27/35 (77) 19/27 (70) 7/27 (26) 

PSC prospective cohort study; NR, not reported; EXP, expectant management; D&C dilation and curettage; MED, medical 
treatment; RCT, randomized controlled trial’ 
aOngoing pregnancy rate is reported 
bReported rate is combination of life birth rate and ongoing pregnancies 
 
Reproductive outcome following intrauterine adhesions 
The relationship between IUAs following a miscarriage and subsequent fertility and reproductive 
outcome could not be assessed, as the presence of IUAs was not studied in the included eight studies. 
 
Reproductive outcome following miscarriage 
In three studies, key reproductive indicators were reported for 430 women after medical management 
with misoprostol. Cumulative conception rates ranged between 94 and 98% and live birth rates ranged 
between 79 and 87%.(5, 108, 110) A live birth rate of 87% was reported by Graziosi et al. (2005) after 
medical evacuation and Tam et al. (2005) reported a miscarriage rate of 13%. The percentage of 
women who received additional surgical treatment was not reported in all studies. A total of 511 
women were evaluated in five studies after surgical treatment. Cumulative conception rates ranged 
between 75 and 98%, ongoing pregnancy rates ranged between 72 and 87%, live birth rates ranged 
between 82 and 88% and miscarriage rates ranged between 11 and 28%.(5, 105, 106, 108, 110) In 6 
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studies, 829 women were evaluated after conservative management. Subsequent conception rates 
between 73 and 91%, live birth rates between 64 and 79% and miscarriage rates between 26 and 30% 
were reported.(104-107, 109, 110) The proportion of women who received additional medical or 
surgical treatment could not be reported, as it was not reported in all studies. The number of previous 
miscarriages seems predictive of subsequent reproductive outcome. Even when adjusted for age, the 
live birth rate declined following one, two or three or more miscarriages from 74%, to 67% and 58%, 
respectively.(110) There were more viable pregnancies among women who have no previous 
miscarriages, while the number of pregnancies decreases with an increase in the number of previous 
miscarriages.(109) 
Time to conception was not uniformly defined in the included studies and could not be assessed. 
Furthermore, the conception rates were reported over different time scales, which made it impossible 
to compare the results of the different studies. 
 

Discussion 
 
To our knowledge, this is the first published systematic review and meta-analysis reporting the 
prevalence of IUAs after miscarriage and potential risk factors, and long-term reproductive outcome 
following a miscarriage was also assessed. 
Hysteroscopy was considered the gold standard for IUA detection; the uterine cavity can be visualized 
and the extent, localization and degree of IUAs can be accurately determined, while other intrauterine 
abnormalities can also be detected.(23, 24) Because of the high frequency of false positive and 
diagnostic errors, hysterosalpingography, ultrasonography and sonohysterography are less suitable for 
accurate detection of IUAs.(50, 111, 112) 
 
Summary of the evidence 
The prevalence of IUAs in women treated for a current miscarriage varied between 3 and 38%, with a 
pooled prevalence of 19%. The majority of women were treated by D&C and women with more than 
one miscarriage had a significantly higher incidence of IUAs than women with only one miscarriage (P 
=0.001). The prevalence of IUAs was not different in women with two compared with three or more 
miscarriages or in women with in- complete versus delayed miscarriage, although the small number of 
included women may have played an important role in this finding; the studies were underpowered to 
detect a significant difference between the groups. Exclusion of the studies with a substantial number 
lost to follow-up (.30%), did not influence the results of the meta-analysis. 
Recurrent curettage procedures were identified as the most import- ant risk factor for IUA formation. 
Our results are in agreement with earlier observations; Westendorp et al. (1998) and Tsapanos et al. 
(2002) studied the presence of IUAs in women undergoing a second curettage and reported a 
prevalence of IUAs of 50%. In our study, no adhesions were encountered in women after a 
spontaneous miscarriage without any intervention and in women treated medically, although they 
were a minority (5.1%). The time between treatment and hysteroscopic evaluation for IUAs ranged 
between 1 and 12 months. In 42% of the reviewed patients, moderate to severe IUAs were 
encountered and these are of concern as they may have serious reproductive implications. Besides 
IUAs, other abnormalities were frequently encountered in women undergoing hysteroscopy after 
miscarriage, with an overall prevalence of 22.4%. Congenital abnormalities accounted for 61.3% of all 
encountered intrauterine abnormalities, especially uterine septum or bicornuate uterus. Uterine 
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Table 4 Characteristics of the prospective studies reporting long term reproductive outcome after 
miscarriage 
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rate (%) 

Life birth 
rate (%) 

Miscarriage 
rate (%) 

Smith et al 
(2009) 

PCS 2005-
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Women with a miscarriage (13 
weeks) enrolled in a previous 
RCT comparing expectant, 
surgical and medical 
evacuation were followed by 
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(79) 
192/235 
(82) 

NR 

Fontanarosa 
et al (2007) 

PCS NR Women with a symptomatic 
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54/57 
(95%) 
 

60/69 (87) 
50/57 (87) 

NR 

Adelusi et al 
(1998) 

PCS 1992 Women who spontaneously 
aborted after suffering a 
spontaneous miscarriage in an 
obstetric clinic were followed 

6-48 EXP 273 222/273 
(81) 

NR NR 

Blohm et al 
(1997) 

PCS 1993-
1994 

Women with a miscarriage 
enrolled in a previous RCT 
comparing expectant and 
surgical management were 
followed up by questionnaires 

24 D&C 
EXP 

37 
76 

33/37 (73) 
69/76 (91) 

NR NR 

Kaplan et al 
(1996) 

PCS NR Women with first trimester 
miscarriage (8 weeks) managed 
conservatively were followed 
up on future fertility 

18 EXP 161 118/161 
(73) 

75/118 (64) 35/118 (30) 

Ben-Baruch 
(1991) 

PCS 1983-
1988 

Women with a miscarriage (10 
weeks) managed 
conservatively 

12-72 EXP 35 27/35 (77) 19/27 (70) 7/27 (26) 

PSC prospective cohort study; NR, not reported; EXP, expectant management; D&C dilation and curettage; MED, medical 
treatment; RCT, randomized controlled trial’ 
aOngoing pregnancy rate is reported 
bReported rate is combination of life birth rate and ongoing pregnancies 
 
Reproductive outcome following intrauterine adhesions 
The relationship between IUAs following a miscarriage and subsequent fertility and reproductive 
outcome could not be assessed, as the presence of IUAs was not studied in the included eight studies. 
 
Reproductive outcome following miscarriage 
In three studies, key reproductive indicators were reported for 430 women after medical management 
with misoprostol. Cumulative conception rates ranged between 94 and 98% and live birth rates ranged 
between 79 and 87%.(5, 108, 110) A live birth rate of 87% was reported by Graziosi et al. (2005) after 
medical evacuation and Tam et al. (2005) reported a miscarriage rate of 13%. The percentage of 
women who received additional surgical treatment was not reported in all studies. A total of 511 
women were evaluated in five studies after surgical treatment. Cumulative conception rates ranged 
between 75 and 98%, ongoing pregnancy rates ranged between 72 and 87%, live birth rates ranged 
between 82 and 88% and miscarriage rates ranged between 11 and 28%.(5, 105, 106, 108, 110) In 6 
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studies, 829 women were evaluated after conservative management. Subsequent conception rates 
between 73 and 91%, live birth rates between 64 and 79% and miscarriage rates between 26 and 30% 
were reported.(104-107, 109, 110) The proportion of women who received additional medical or 
surgical treatment could not be reported, as it was not reported in all studies. The number of previous 
miscarriages seems predictive of subsequent reproductive outcome. Even when adjusted for age, the 
live birth rate declined following one, two or three or more miscarriages from 74%, to 67% and 58%, 
respectively.(110) There were more viable pregnancies among women who have no previous 
miscarriages, while the number of pregnancies decreases with an increase in the number of previous 
miscarriages.(109) 
Time to conception was not uniformly defined in the included studies and could not be assessed. 
Furthermore, the conception rates were reported over different time scales, which made it impossible 
to compare the results of the different studies. 
 

Discussion 
 
To our knowledge, this is the first published systematic review and meta-analysis reporting the 
prevalence of IUAs after miscarriage and potential risk factors, and long-term reproductive outcome 
following a miscarriage was also assessed. 
Hysteroscopy was considered the gold standard for IUA detection; the uterine cavity can be visualized 
and the extent, localization and degree of IUAs can be accurately determined, while other intrauterine 
abnormalities can also be detected.(23, 24) Because of the high frequency of false positive and 
diagnostic errors, hysterosalpingography, ultrasonography and sonohysterography are less suitable for 
accurate detection of IUAs.(50, 111, 112) 
 
Summary of the evidence 
The prevalence of IUAs in women treated for a current miscarriage varied between 3 and 38%, with a 
pooled prevalence of 19%. The majority of women were treated by D&C and women with more than 
one miscarriage had a significantly higher incidence of IUAs than women with only one miscarriage (P 
=0.001). The prevalence of IUAs was not different in women with two compared with three or more 
miscarriages or in women with in- complete versus delayed miscarriage, although the small number of 
included women may have played an important role in this finding; the studies were underpowered to 
detect a significant difference between the groups. Exclusion of the studies with a substantial number 
lost to follow-up (.30%), did not influence the results of the meta-analysis. 
Recurrent curettage procedures were identified as the most import- ant risk factor for IUA formation. 
Our results are in agreement with earlier observations; Westendorp et al. (1998) and Tsapanos et al. 
(2002) studied the presence of IUAs in women undergoing a second curettage and reported a 
prevalence of IUAs of 50%. In our study, no adhesions were encountered in women after a 
spontaneous miscarriage without any intervention and in women treated medically, although they 
were a minority (5.1%). The time between treatment and hysteroscopic evaluation for IUAs ranged 
between 1 and 12 months. In 42% of the reviewed patients, moderate to severe IUAs were 
encountered and these are of concern as they may have serious reproductive implications. Besides 
IUAs, other abnormalities were frequently encountered in women undergoing hysteroscopy after 
miscarriage, with an overall prevalence of 22.4%. Congenital abnormalities accounted for 61.3% of all 
encountered intrauterine abnormalities, especially uterine septum or bicornuate uterus. Uterine 
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polyps were the most reported acquired abnormality. The prevalence of intrauterine abnormalities 
was significantly increased in women with more than one miscarriage compared with women with 
only one miscarriage. 
After extensive review of the literature, only eight prospective studies were identified in which key 
reproductive indicators were reported after conservative, medical or surgical treatment for a 
miscarriage. Despite the extensive literature search, we were unable to find any study that had 
specifically looked at reproductive outcome or long-term fertility in women with post-miscarriage 
IUAs. Only symptomatic women with IUAs of different cause were reported in the available studies on 
this subject. 
Similar pregnancy outcomes were reported subsequent to conservative, medical and surgical 
management of miscarriage, although the number of studies evaluating the long-term reproductive 
outcome was limited and different time scales were used. The limited number of studies and small 
sample size of the treatment groups obviously limit the statistical power to detect any difference in 
reproductive outcomes between the treatment regimes. Due to a large variation in primary out- 
comes, methodology and populations, we were not able to perform meta-analyses on reproductive 
outcome after miscarriage. The relation- ship and impact of IUAs on long-term reproductive outcomes 
remain un- determined. 
The number of previous miscarriages seems to predict subsequent re- productive performance; the 
live birth rate declines and the risk of miscarriage increases.(85, 109, 110) As shown by Hure et al. 
(2012), different groups of women experience different miscarriage rates; factors such as smoking 
status and fertility problems have great impact on the miscarriage rate, with an 8-fold difference in the 
group with the lowest versus the highest calculable rate of miscarriage. 
 
Strengths and limitations of the review 
Our study has several points to be highlighted. We performed a systematic review of the literature to 
determine the prevalence of IUAs and to identify risk factors. Furthermore, long-term reproductive 
outcome in women after miscarriage was assessed. The strength of this report is that the methodology 
and quality of included studies were individually analyzed and only studies in peer-reviewed journals 
were included. Only studies in which participants were included prospectively and consecutively were 
eligible for inclusion. Studies were included if in all the enrolled patients a validated method for IUA 
ascertainment was used and IUAs were clearly defined or if key reproductive indicators were used to 
establish long-term reproductive outcome. 
We applied this protocol in order to minimize verification bias. For this reason, studies including only 
symptomatic women after miscarriage were excluded. In addition, we did not include studies reporting 
the prevalence of IUAs or key reproductive indicators with a retrospective design, or studies in which 
women were evaluated by hysteroscopy beyond 12 months after miscarriage, given the higher risk of 
selection bias. 
This study has also several weaknesses. Unfortunately, only one randomized controlled trail was 
available to be included in this systematic review; cohort studies are less reliable specially to determine 
treatment-associated factors. Only ten prospective cohort studies with IUAs as end-point in women 
diagnosed with a current miscarriage were encountered. The individual studies with a limited number 
of patients, a maximum 151, are underpowered to evaluate risk and prognostic factors. Despite meta-
analysis, the sample sizes in subgroups remained small. 
The methodological quality of the studies included in this review is considered poor to average. The 
studies reporting on IUAs, assessed by the STROBE statement checklist, resulted in an average score 
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of 17.5 (ranging 14 – 25), of a maximum of 34. Although all patients had experienced a miscarriage and 
had a hysteroscopic evaluation within 12 months after miscarriage, eligibility criteria, sources and 
methods of selection of participant were barely described. There was insufficient in- formation in most 
studies regarding the number of patients who met all inclusion criteria and the reason for received 
treatment and there were no explanations of how the study sizes were determined. 
In three studies >30% of women were lost to follow-up and these were the studies with the longest 
period between miscarriage and hysteroscopic evaluation. This could be a relevant source of bias, as 
women achieving early pregnancy are excluded. A separate analysis, excluding these studies, did not 
influence the results significantly. Another noticeable point is that only 5.1% of the women were 
evaluated after a spontaneous miscarriage and expectant management or after medical evacuation. 
Variations in different potential influencing factors including maternal age, chromosomal 
abnormalities, endocrine diseases, mode of conception and term of pregnancy failure (early and/or 
late) could not be ruled out. The majority of patients received surgical treatment and no distinction 
could be made between patients with and without D&C in the subgroups. The indication to perform a 
surgical treatment (D&C) was not reported. Women requiring surgical treatment (D&C) may differ 
from those who would be amenable to medical treatment or requiring no treatment at all. 
Furthermore, there was lack of information concerning the D&C technique (sharp, blunt, suction or 
combinations), cervical ripening, skills of the surgeons, indication, signs of infection or inflammation, 
the use of antibiotics and treatment with estradiol. Because different classification systems were used, 
the scoring of the adhesions was not uniform while the presence of pre-existing adhesions was not 
assessed. These factors may have biased the results in an unknown way. 
The methodological quality of the included studies reporting on long- term reproductive outcome was 
poor. The average STROBE statement score was 14.4, ranging between 11 and 29. A substantial 
percentage of patients treated medically or conservatively received additional surgical treatment 
because of incomplete management. Furthermore, no adjustments were made in the studies for 
confounding variables such as parity, gravidity, infertility, or number of prior induced abortions and 
miscarriages. The studies did not report on the prevalence of other pathologies; no adjustments were 
made for intrauterine abnormalities, although they can be detected frequently and contribute to the 
incidence of miscarriage. In this regard, the result of this review should be interpreted with caution as 
the overall quality of the included studies reporting on both post-miscarriage IUAs and in particular on 
the related long-term re- productive outcomes needs to be considered as poor to average. 
The long-term reproductive outcome could not be reported in women with post-miscarriage IUAs due 
to a lack of studies reporting on key reproductive indicators in these women. A total of 1770 women 
were included in eight cohort studies, reporting on one or more long-term reproductive indicators in 
women following a miscarriage, was a limited number and a small overall sample size. Similar out- 
comes were reported over different time scales in the different treatment groups, while no adjustment 
was made in the studies for important con- founding factors. So, on the basis of the current literature 
no solid conclusions can be drawn on the link between treatment modality and adhesion formation. 
The issue of possible impairment of future fertility after miscarriage remains inconclusive on basis of 
the current literature. Systematic reviews and meta-analyses rely on aggregated published data to 
provide estimates of treatment effects or diagnostic tests. It is not possible to perform detailed 
analyses that take into account patient covariates or other features. A potentially more coherent 
approach to summarize the evidence is to acquire the original data from the included studies. Meta-
analysis based on individual patient data pre- vents drawbacks and biases compared with conventional 
review, allowing the possibility of investigating effectiveness in patients with different profiles and 
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polyps were the most reported acquired abnormality. The prevalence of intrauterine abnormalities 
was significantly increased in women with more than one miscarriage compared with women with 
only one miscarriage. 
After extensive review of the literature, only eight prospective studies were identified in which key 
reproductive indicators were reported after conservative, medical or surgical treatment for a 
miscarriage. Despite the extensive literature search, we were unable to find any study that had 
specifically looked at reproductive outcome or long-term fertility in women with post-miscarriage 
IUAs. Only symptomatic women with IUAs of different cause were reported in the available studies on 
this subject. 
Similar pregnancy outcomes were reported subsequent to conservative, medical and surgical 
management of miscarriage, although the number of studies evaluating the long-term reproductive 
outcome was limited and different time scales were used. The limited number of studies and small 
sample size of the treatment groups obviously limit the statistical power to detect any difference in 
reproductive outcomes between the treatment regimes. Due to a large variation in primary out- 
comes, methodology and populations, we were not able to perform meta-analyses on reproductive 
outcome after miscarriage. The relation- ship and impact of IUAs on long-term reproductive outcomes 
remain un- determined. 
The number of previous miscarriages seems to predict subsequent re- productive performance; the 
live birth rate declines and the risk of miscarriage increases.(85, 109, 110) As shown by Hure et al. 
(2012), different groups of women experience different miscarriage rates; factors such as smoking 
status and fertility problems have great impact on the miscarriage rate, with an 8-fold difference in the 
group with the lowest versus the highest calculable rate of miscarriage. 
 
Strengths and limitations of the review 
Our study has several points to be highlighted. We performed a systematic review of the literature to 
determine the prevalence of IUAs and to identify risk factors. Furthermore, long-term reproductive 
outcome in women after miscarriage was assessed. The strength of this report is that the methodology 
and quality of included studies were individually analyzed and only studies in peer-reviewed journals 
were included. Only studies in which participants were included prospectively and consecutively were 
eligible for inclusion. Studies were included if in all the enrolled patients a validated method for IUA 
ascertainment was used and IUAs were clearly defined or if key reproductive indicators were used to 
establish long-term reproductive outcome. 
We applied this protocol in order to minimize verification bias. For this reason, studies including only 
symptomatic women after miscarriage were excluded. In addition, we did not include studies reporting 
the prevalence of IUAs or key reproductive indicators with a retrospective design, or studies in which 
women were evaluated by hysteroscopy beyond 12 months after miscarriage, given the higher risk of 
selection bias. 
This study has also several weaknesses. Unfortunately, only one randomized controlled trail was 
available to be included in this systematic review; cohort studies are less reliable specially to determine 
treatment-associated factors. Only ten prospective cohort studies with IUAs as end-point in women 
diagnosed with a current miscarriage were encountered. The individual studies with a limited number 
of patients, a maximum 151, are underpowered to evaluate risk and prognostic factors. Despite meta-
analysis, the sample sizes in subgroups remained small. 
The methodological quality of the studies included in this review is considered poor to average. The 
studies reporting on IUAs, assessed by the STROBE statement checklist, resulted in an average score 
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of 17.5 (ranging 14 – 25), of a maximum of 34. Although all patients had experienced a miscarriage and 
had a hysteroscopic evaluation within 12 months after miscarriage, eligibility criteria, sources and 
methods of selection of participant were barely described. There was insufficient in- formation in most 
studies regarding the number of patients who met all inclusion criteria and the reason for received 
treatment and there were no explanations of how the study sizes were determined. 
In three studies >30% of women were lost to follow-up and these were the studies with the longest 
period between miscarriage and hysteroscopic evaluation. This could be a relevant source of bias, as 
women achieving early pregnancy are excluded. A separate analysis, excluding these studies, did not 
influence the results significantly. Another noticeable point is that only 5.1% of the women were 
evaluated after a spontaneous miscarriage and expectant management or after medical evacuation. 
Variations in different potential influencing factors including maternal age, chromosomal 
abnormalities, endocrine diseases, mode of conception and term of pregnancy failure (early and/or 
late) could not be ruled out. The majority of patients received surgical treatment and no distinction 
could be made between patients with and without D&C in the subgroups. The indication to perform a 
surgical treatment (D&C) was not reported. Women requiring surgical treatment (D&C) may differ 
from those who would be amenable to medical treatment or requiring no treatment at all. 
Furthermore, there was lack of information concerning the D&C technique (sharp, blunt, suction or 
combinations), cervical ripening, skills of the surgeons, indication, signs of infection or inflammation, 
the use of antibiotics and treatment with estradiol. Because different classification systems were used, 
the scoring of the adhesions was not uniform while the presence of pre-existing adhesions was not 
assessed. These factors may have biased the results in an unknown way. 
The methodological quality of the included studies reporting on long- term reproductive outcome was 
poor. The average STROBE statement score was 14.4, ranging between 11 and 29. A substantial 
percentage of patients treated medically or conservatively received additional surgical treatment 
because of incomplete management. Furthermore, no adjustments were made in the studies for 
confounding variables such as parity, gravidity, infertility, or number of prior induced abortions and 
miscarriages. The studies did not report on the prevalence of other pathologies; no adjustments were 
made for intrauterine abnormalities, although they can be detected frequently and contribute to the 
incidence of miscarriage. In this regard, the result of this review should be interpreted with caution as 
the overall quality of the included studies reporting on both post-miscarriage IUAs and in particular on 
the related long-term re- productive outcomes needs to be considered as poor to average. 
The long-term reproductive outcome could not be reported in women with post-miscarriage IUAs due 
to a lack of studies reporting on key reproductive indicators in these women. A total of 1770 women 
were included in eight cohort studies, reporting on one or more long-term reproductive indicators in 
women following a miscarriage, was a limited number and a small overall sample size. Similar out- 
comes were reported over different time scales in the different treatment groups, while no adjustment 
was made in the studies for important con- founding factors. So, on the basis of the current literature 
no solid conclusions can be drawn on the link between treatment modality and adhesion formation. 
The issue of possible impairment of future fertility after miscarriage remains inconclusive on basis of 
the current literature. Systematic reviews and meta-analyses rely on aggregated published data to 
provide estimates of treatment effects or diagnostic tests. It is not possible to perform detailed 
analyses that take into account patient covariates or other features. A potentially more coherent 
approach to summarize the evidence is to acquire the original data from the included studies. Meta-
analysis based on individual patient data pre- vents drawbacks and biases compared with conventional 
review, allowing the possibility of investigating effectiveness in patients with different profiles and 
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offering a more valid outcome.(113) However, to do so, access to original data sets is imperative, which 
can be a problem in older studies, while authors need to be willing to share their data. 
 
Comparison with previous research 
This systematic review and meta-analysis reports the prevalence of IUAs after miscarriage, while no 
studies were found to report on long-term reproductive outcomes in women with after miscarriage 
IUAs. The largest study that classified IUAs following different antecedent endometrial trauma, 
including incomplete or elective abortion and post- partum curettage, showed that the subsequent 
reproductive outcome after hysteroscopic treatment depends on the extent of IUAs. The pregnancy 
rate declined from 93% in women with mild to 57% in women with severe IUAs while the term 
pregnancy rate declined from 88 to 57%.(18) Schenker (1996) reported a pregnancy rate of 95% in the 
mild IUA group compared with 60% in the severe group after hysteroscopic treatment. 
In general, hysteroscopic adhesiolysis is advised when IUAs are detected.(18, 21) Schenker and 
Margalioth (1982) reported poor reproductive outcome in a cohort of 292 women with IUAs, who did 
not receive treatment before attempting to conceive. Pregnancy was reported in only 45%, while ~40% 
ended in a spontaneous miscarriage and another 23% were pre-term deliveries. Even after 
hysteroscopic treatment, the reproductive outcome remains unsatisfactory; the post-operative 
pregnancy rate varies between 60 and 75%.(114) 
Subsequently, miscarriage rates of 15 – 50% and pre-term delivery rates of 10 – 23% are reported in 
patients with IUAs while in 12% obstetric complications, especially related to abnormal placentation, 
are encountered.(14, 115) In our study the extent of the reported IUAs was mild in 58% of the reviewed 
patients. The clinical implications and significance of mild IUAs are still under debate, but it is likely 
that they are of minor importance for fertility and symptomatology.(60) There are no studies 
comparing expectant management and hysteroscopic adhesiolysis in patients with mild IUAs. Whether 
hysteroscopic treatment of mild adhesions is beneficial remains unclear, particularly in case of 
asymptomatic patients. 
A high overall prevalence (22.4%) of congenital and acquired uterine abnormalities was encountered 
in this study. The most reported con- genital abnormality was the septate or bicornuate uterus. A 
septate uterus results from incomplete resorption of the utero-vaginal septum and is frequently 
quoted as the most common congenital anomaly, associated with a high rate (>60%) of spontaneous 
miscarriage.(116) This can be explained by the inability of the relative avascular septum, with an 
abnormal overlying endometrium, to provide an ad- equate blood supply to the developing 
embryo.(117) 
An arcuate uterus is considered a normal variant although the association of an arcuate uterus with 
reproductive failure remains controversial.(118) The relationship between acquired intrauterine 
abnormalities and miscarriage remains unclear. The presence of intrauterine polyps and leiomyoma 
can interfere with implantation and fertility, creating a hostile environment to embryo 
implantation.(119-121) 
 
Implications for clinical practice 
This meta-analysis shows that recurrent miscarriages and D&C procedures should be considered as an 
important risk factor in IUA formation. Although considerable advances have been made in the 
treatment of IUAs, the results are still not satisfactory. This has implications for clinical practice, as 
D&C should be prevented as much as possible and adhesion formation should be taken into account 
when treatment options for miscarriage are discussed. 
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In order to minimize the numbers of D&C, and probably IUAs in patients after miscarriage, we propose 
the following strategy. First, expectative management could be emphasized as treatment option in 
patients diagnosed with a miscarriage. Wieringa et al. (2002) reported that 50% of the patients with a 
miscarriage evacuated spontaneously and completely within 2 weeks without a significant increase in 
morbidity, making this an attractive management option. Secondly, medical evacuation should be 
considered as a serious alternative. Treatment with mifepristone and misoprostol is equally as 
effective as surgery in achieving complete evacuation with a RR of 0.96 (95% CI: 0.92 – 1.0), and a 
success rate of >80% in both treatment groups.(122) 
There was a large and statistically significant reduction in surgical treatment when patients were 
treated with misoprostol compared with immediate D&C, RR 0.07 (95% CI: 0.03 – 0.18), without 
differences in blood transfusion, anemia, pelvic infection or use of pain relief. More- over, women 
were satisfied with the treatment they received.(122) 
When there is a necessity, D&C should be performed in the gentlest manner avoiding unnecessary 
trauma. Application of materials for the prevention or reduction of adhesion may be effective in the 
prevention of IUAs, although the evidence is limited and only a minority have been studied in women 
after miscarriage. 
 
Implications for further research 
To accurately define the prevalence of IUAs, a systematic and prospective evaluation is required after 
spontaneous miscarriage and expectant management, medical evacuation and surgical treatment 
(D&C). After reviewing the literature, no study was encountered in which this was studied. Several 
randomized studies have been performed comparing treatment strategies for miscarriage, but without 
systematic follow-up with IUAs as end-point of interest. 
IUAs is a surrogate indicator: long-term fertility, reproductive outcome and obstetric complications are 
clinically relevant. There is an association between the presence and extent of IUAs and long-term 
complications but studies addressing the link, especially in women with after miscarriage IUAs, are 
lacking. Only symptomatic women with IUAs of different causes are reported in the studies available 
on this subject. 
To accurately define the prevalence of IUAs, pregnancy, obstetric and fertility complications, one 
needs to prospectively follow a large cohort of women after miscarriage for a long period. 
Subsequently, structural follow-up is necessary to examine cumulative pregnancy, birth and 
miscarriage rates after conservative, medical and surgical treatment for miscarriage. Furthermore, 
adjustment should be made for congenital and acquired intrauterine abnormalities as they are 
frequently encountered and can contribute to miscarriages. 
 

Conclusions 
 
The present review reports IUAs in one of five patients after miscarriage. In >50% the adhesions were 
of mild severity and extent, but the clinical relevance of these mild adhesions are unknown. Recurrent 
miscarriage and D&C procedures were identified as the most important risk factors, although other 
influencing factors could not be ruled out. Data on the link between post-miscarriage IUAs and long-
term reproductive outcomes are lacking. Similar reproductive outcomes are reported after 
conservative, medical and surgical management, although the number of studies and sample size are 
limited. Furthermore, the quality of the studies was poor to average. 
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offering a more valid outcome.(113) However, to do so, access to original data sets is imperative, which 
can be a problem in older studies, while authors need to be willing to share their data. 
 
Comparison with previous research 
This systematic review and meta-analysis reports the prevalence of IUAs after miscarriage, while no 
studies were found to report on long-term reproductive outcomes in women with after miscarriage 
IUAs. The largest study that classified IUAs following different antecedent endometrial trauma, 
including incomplete or elective abortion and post- partum curettage, showed that the subsequent 
reproductive outcome after hysteroscopic treatment depends on the extent of IUAs. The pregnancy 
rate declined from 93% in women with mild to 57% in women with severe IUAs while the term 
pregnancy rate declined from 88 to 57%.(18) Schenker (1996) reported a pregnancy rate of 95% in the 
mild IUA group compared with 60% in the severe group after hysteroscopic treatment. 
In general, hysteroscopic adhesiolysis is advised when IUAs are detected.(18, 21) Schenker and 
Margalioth (1982) reported poor reproductive outcome in a cohort of 292 women with IUAs, who did 
not receive treatment before attempting to conceive. Pregnancy was reported in only 45%, while ~40% 
ended in a spontaneous miscarriage and another 23% were pre-term deliveries. Even after 
hysteroscopic treatment, the reproductive outcome remains unsatisfactory; the post-operative 
pregnancy rate varies between 60 and 75%.(114) 
Subsequently, miscarriage rates of 15 – 50% and pre-term delivery rates of 10 – 23% are reported in 
patients with IUAs while in 12% obstetric complications, especially related to abnormal placentation, 
are encountered.(14, 115) In our study the extent of the reported IUAs was mild in 58% of the reviewed 
patients. The clinical implications and significance of mild IUAs are still under debate, but it is likely 
that they are of minor importance for fertility and symptomatology.(60) There are no studies 
comparing expectant management and hysteroscopic adhesiolysis in patients with mild IUAs. Whether 
hysteroscopic treatment of mild adhesions is beneficial remains unclear, particularly in case of 
asymptomatic patients. 
A high overall prevalence (22.4%) of congenital and acquired uterine abnormalities was encountered 
in this study. The most reported con- genital abnormality was the septate or bicornuate uterus. A 
septate uterus results from incomplete resorption of the utero-vaginal septum and is frequently 
quoted as the most common congenital anomaly, associated with a high rate (>60%) of spontaneous 
miscarriage.(116) This can be explained by the inability of the relative avascular septum, with an 
abnormal overlying endometrium, to provide an ad- equate blood supply to the developing 
embryo.(117) 
An arcuate uterus is considered a normal variant although the association of an arcuate uterus with 
reproductive failure remains controversial.(118) The relationship between acquired intrauterine 
abnormalities and miscarriage remains unclear. The presence of intrauterine polyps and leiomyoma 
can interfere with implantation and fertility, creating a hostile environment to embryo 
implantation.(119-121) 
 
Implications for clinical practice 
This meta-analysis shows that recurrent miscarriages and D&C procedures should be considered as an 
important risk factor in IUA formation. Although considerable advances have been made in the 
treatment of IUAs, the results are still not satisfactory. This has implications for clinical practice, as 
D&C should be prevented as much as possible and adhesion formation should be taken into account 
when treatment options for miscarriage are discussed. 
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In order to minimize the numbers of D&C, and probably IUAs in patients after miscarriage, we propose 
the following strategy. First, expectative management could be emphasized as treatment option in 
patients diagnosed with a miscarriage. Wieringa et al. (2002) reported that 50% of the patients with a 
miscarriage evacuated spontaneously and completely within 2 weeks without a significant increase in 
morbidity, making this an attractive management option. Secondly, medical evacuation should be 
considered as a serious alternative. Treatment with mifepristone and misoprostol is equally as 
effective as surgery in achieving complete evacuation with a RR of 0.96 (95% CI: 0.92 – 1.0), and a 
success rate of >80% in both treatment groups.(122) 
There was a large and statistically significant reduction in surgical treatment when patients were 
treated with misoprostol compared with immediate D&C, RR 0.07 (95% CI: 0.03 – 0.18), without 
differences in blood transfusion, anemia, pelvic infection or use of pain relief. More- over, women 
were satisfied with the treatment they received.(122) 
When there is a necessity, D&C should be performed in the gentlest manner avoiding unnecessary 
trauma. Application of materials for the prevention or reduction of adhesion may be effective in the 
prevention of IUAs, although the evidence is limited and only a minority have been studied in women 
after miscarriage. 
 
Implications for further research 
To accurately define the prevalence of IUAs, a systematic and prospective evaluation is required after 
spontaneous miscarriage and expectant management, medical evacuation and surgical treatment 
(D&C). After reviewing the literature, no study was encountered in which this was studied. Several 
randomized studies have been performed comparing treatment strategies for miscarriage, but without 
systematic follow-up with IUAs as end-point of interest. 
IUAs is a surrogate indicator: long-term fertility, reproductive outcome and obstetric complications are 
clinically relevant. There is an association between the presence and extent of IUAs and long-term 
complications but studies addressing the link, especially in women with after miscarriage IUAs, are 
lacking. Only symptomatic women with IUAs of different causes are reported in the studies available 
on this subject. 
To accurately define the prevalence of IUAs, pregnancy, obstetric and fertility complications, one 
needs to prospectively follow a large cohort of women after miscarriage for a long period. 
Subsequently, structural follow-up is necessary to examine cumulative pregnancy, birth and 
miscarriage rates after conservative, medical and surgical treatment for miscarriage. Furthermore, 
adjustment should be made for congenital and acquired intrauterine abnormalities as they are 
frequently encountered and can contribute to miscarriages. 
 

Conclusions 
 
The present review reports IUAs in one of five patients after miscarriage. In >50% the adhesions were 
of mild severity and extent, but the clinical relevance of these mild adhesions are unknown. Recurrent 
miscarriage and D&C procedures were identified as the most important risk factors, although other 
influencing factors could not be ruled out. Data on the link between post-miscarriage IUAs and long-
term reproductive outcomes are lacking. Similar reproductive outcomes are reported after 
conservative, medical and surgical management, although the number of studies and sample size are 
limited. Furthermore, the quality of the studies was poor to average. 
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To date, D&C is often performed in clinical practice in women diagnosed with a miscarriage despite 
the possibility of expectant management and medical treatment and this may account for unnecessary 
curettages and related IUAs. Further research is urgently needed to analyze treatment modalities in 
women with a miscarriage in relation to IUAs and to identify risk factors. Subsequently, long-term 
fertility and preventive measures to avoid adhesion formation following miscarriage can be identified. 
 
Declarations 
 
Acknowledgements 
The authors thank Linda Kos (medical librarian) for her contribution in developing search strategy and 
running searches on a periodic basis. 
 
Statement of contribution 
A.B.H. was responsible for designing the study. M.L., A.L.T., H.A.M.B,B.W.M. and J.A.F.H. participated 
in study design and provided knowledge during the analysis and writing of the paper. A.B.H., ML and 
J.A.F.H. performed data abstraction and analyzed the data. A.B.H. drafted the first manuscript. M.W.H. 
and B.C.O. performed the statistic- al analysis; B.C.O. performed the meta-analysis. All the authors 
critically revised the manuscript, contributed to the final draft of the manuscript and approved the 
version to be published. 
 
Funding 
No external funding was used for this study. 
 
Conflict of interest 
None declared. 
 

  

36 
 

References 
 
1. Christiansen OB, Nybo Andersen AM, Bosch E, Daya S, Delves PJ, Hviid TV, et al. Evidence-
based investigations and treatments of recurrent pregnancy loss. Fertility and sterility. 
2005;83(4):821-39. 
2. Ballagh SA, Harris HA, Demasio K. Is curettage needed for uncomplicated incomplete 
spontaneous abortion? American journal of obstetrics and gynecology. 1998;179(5):1279-82. 
3. Hemminki E. Treatment of miscarriage: current practice and rationale. Obstetrics and 
gynecology. 1998;91(2):247-53. 
4. Wang X, Chen C, Wang L, Chen D, Guang W, French J. Conception, early pregnancy loss, and 
time to clinical pregnancy: a population-based prospective study. Fertility and sterility. 
2003;79(3):577-84. 
5. Tam WH, Tsui MH, Lok IH, Yip SK, Yuen PM, Chung TK. Long-term reproductive outcome 
subsequent to medical versus surgical treatment for miscarriage. Human reproduction (Oxford, 
England). 2005;20(12):3355-9. 
6. Niinimaki M, Karinen P, Hartikainen AL, Pouta A. Treating miscarriages: a randomised study 
of cost-effectiveness in medical or surgical choice. BJOG : an international journal of obstetrics and 
gynaecology. 2009;116(7):984-90. 
7. You JH, Chung TK. Expectant, medical or surgical treatment for spontaneous abortion in first 
trimester of pregnancy: a cost analysis. Human reproduction (Oxford, England). 2005;20(10):2873-8. 
8. Creinin MD, Harwood B, Guido RS, Fox MC, Zhang J. Endometrial thickness after misoprostol 
use for early pregnancy failure. International journal of gynaecology and obstetrics: the official organ 
of the International Federation of Gynaecology and Obstetrics. 2004;86(1):22-6. 
9. Davis AR, Hendlish SK, Westhoff C, Frederick MM, Zhang J, Gilles JM, et al. Bleeding patterns 
after misoprostol vs surgical treatment of early pregnancy failure: results from a randomized trial. 
American journal of obstetrics and gynecology. 2007;196(1):31.e1-7. 
10. Graziosi GC, Mol BW, Reuwer PJ, Drogtrop A, Bruinse HW. Misoprostol versus curettage in 
women with early pregnancy failure after initial expectant management: a randomized trial. Human 
reproduction (Oxford, England). 2004;19(8):1894-9. 
11. Fritsch H. Ein Fall von volligen Schwund der Gebaumutterhohle nach Auskratzung. Zentralbl 
Gynaekol 1984;18:1337-42. 
12. Asherman JG. Amenorrhoea traumatica (atretica). The Journal of obstetrics and gynaecology 
of the British Empire. 1948;55(1):23-30. 
13. Asherman JG. Traumatic intra-uterine adhesions. The Journal of obstetrics and gynaecology 
of the British Empire. 1950;57(6):892-6. 
14. Schenker JG, Margalioth EJ. Intrauterine adhesions: an updated appraisal. Fertility and 
sterility. 1982;37(5):593-610. 
15. Schenker JG. Etiology of and therapeutic approach to synechia uteri. European journal of 
obstetrics, gynecology, and reproductive biology. 1996;65:109-13. 
16. Al-Inany H. Intrauterine adhesions. An update. Acta obstetricia et gynecologica Scandinavica. 
2001;80(11):986-93. 
17. Capella-Allouc S, Morsad F, Rongieres-Bertrand C, Taylor S, Fernandez H. Hysteroscopic 
treatment of severe Asherman's syndrome and subsequent fertility. Human reproduction (Oxford, 
England). 1999;14(5):1230-3. 
18. Valle RF, Sciarra JJ. Intrauterine adhesions: hysteroscopic diagnosis, classification, treatment, 
and reproductive outcome. American journal of obstetrics and gynecology. 1988;158:1459-70. 
19. Salzani A, Yela DA, Gabiatti JR, Bedone AJ, Monteiro IM. Prevalence of uterine synechia after 
abortion evacuation curettage. Sao Paulo medical journal = Revista paulista de medicina. 
2007;125(5):261-4. 



Systematic review and meta-analysis of intra uterine adhesions after miscarriage | 41

2

35 
 

To date, D&C is often performed in clinical practice in women diagnosed with a miscarriage despite 
the possibility of expectant management and medical treatment and this may account for unnecessary 
curettages and related IUAs. Further research is urgently needed to analyze treatment modalities in 
women with a miscarriage in relation to IUAs and to identify risk factors. Subsequently, long-term 
fertility and preventive measures to avoid adhesion formation following miscarriage can be identified. 
 
Declarations 
 
Acknowledgements 
The authors thank Linda Kos (medical librarian) for her contribution in developing search strategy and 
running searches on a periodic basis. 
 
Statement of contribution 
A.B.H. was responsible for designing the study. M.L., A.L.T., H.A.M.B,B.W.M. and J.A.F.H. participated 
in study design and provided knowledge during the analysis and writing of the paper. A.B.H., ML and 
J.A.F.H. performed data abstraction and analyzed the data. A.B.H. drafted the first manuscript. M.W.H. 
and B.C.O. performed the statistic- al analysis; B.C.O. performed the meta-analysis. All the authors 
critically revised the manuscript, contributed to the final draft of the manuscript and approved the 
version to be published. 
 
Funding 
No external funding was used for this study. 
 
Conflict of interest 
None declared. 
 

  

36 
 

References 
 
1. Christiansen OB, Nybo Andersen AM, Bosch E, Daya S, Delves PJ, Hviid TV, et al. Evidence-
based investigations and treatments of recurrent pregnancy loss. Fertility and sterility. 
2005;83(4):821-39. 
2. Ballagh SA, Harris HA, Demasio K. Is curettage needed for uncomplicated incomplete 
spontaneous abortion? American journal of obstetrics and gynecology. 1998;179(5):1279-82. 
3. Hemminki E. Treatment of miscarriage: current practice and rationale. Obstetrics and 
gynecology. 1998;91(2):247-53. 
4. Wang X, Chen C, Wang L, Chen D, Guang W, French J. Conception, early pregnancy loss, and 
time to clinical pregnancy: a population-based prospective study. Fertility and sterility. 
2003;79(3):577-84. 
5. Tam WH, Tsui MH, Lok IH, Yip SK, Yuen PM, Chung TK. Long-term reproductive outcome 
subsequent to medical versus surgical treatment for miscarriage. Human reproduction (Oxford, 
England). 2005;20(12):3355-9. 
6. Niinimaki M, Karinen P, Hartikainen AL, Pouta A. Treating miscarriages: a randomised study 
of cost-effectiveness in medical or surgical choice. BJOG : an international journal of obstetrics and 
gynaecology. 2009;116(7):984-90. 
7. You JH, Chung TK. Expectant, medical or surgical treatment for spontaneous abortion in first 
trimester of pregnancy: a cost analysis. Human reproduction (Oxford, England). 2005;20(10):2873-8. 
8. Creinin MD, Harwood B, Guido RS, Fox MC, Zhang J. Endometrial thickness after misoprostol 
use for early pregnancy failure. International journal of gynaecology and obstetrics: the official organ 
of the International Federation of Gynaecology and Obstetrics. 2004;86(1):22-6. 
9. Davis AR, Hendlish SK, Westhoff C, Frederick MM, Zhang J, Gilles JM, et al. Bleeding patterns 
after misoprostol vs surgical treatment of early pregnancy failure: results from a randomized trial. 
American journal of obstetrics and gynecology. 2007;196(1):31.e1-7. 
10. Graziosi GC, Mol BW, Reuwer PJ, Drogtrop A, Bruinse HW. Misoprostol versus curettage in 
women with early pregnancy failure after initial expectant management: a randomized trial. Human 
reproduction (Oxford, England). 2004;19(8):1894-9. 
11. Fritsch H. Ein Fall von volligen Schwund der Gebaumutterhohle nach Auskratzung. Zentralbl 
Gynaekol 1984;18:1337-42. 
12. Asherman JG. Amenorrhoea traumatica (atretica). The Journal of obstetrics and gynaecology 
of the British Empire. 1948;55(1):23-30. 
13. Asherman JG. Traumatic intra-uterine adhesions. The Journal of obstetrics and gynaecology 
of the British Empire. 1950;57(6):892-6. 
14. Schenker JG, Margalioth EJ. Intrauterine adhesions: an updated appraisal. Fertility and 
sterility. 1982;37(5):593-610. 
15. Schenker JG. Etiology of and therapeutic approach to synechia uteri. European journal of 
obstetrics, gynecology, and reproductive biology. 1996;65:109-13. 
16. Al-Inany H. Intrauterine adhesions. An update. Acta obstetricia et gynecologica Scandinavica. 
2001;80(11):986-93. 
17. Capella-Allouc S, Morsad F, Rongieres-Bertrand C, Taylor S, Fernandez H. Hysteroscopic 
treatment of severe Asherman's syndrome and subsequent fertility. Human reproduction (Oxford, 
England). 1999;14(5):1230-3. 
18. Valle RF, Sciarra JJ. Intrauterine adhesions: hysteroscopic diagnosis, classification, treatment, 
and reproductive outcome. American journal of obstetrics and gynecology. 1988;158:1459-70. 
19. Salzani A, Yela DA, Gabiatti JR, Bedone AJ, Monteiro IM. Prevalence of uterine synechia after 
abortion evacuation curettage. Sao Paulo medical journal = Revista paulista de medicina. 
2007;125(5):261-4. 



42 | Chapter 2

37 
 

20. Goldenberg M, Sivan E, Sharabi Z, Mashiach S, Lipitz S, Seidman DS. Reproductive outcome 
following hysteroscopic management of intrauterine septum and adhesions. Human reproduction 
(Oxford, England). 1995;10(10):2663-5. 
21. Katz Z, Ben-Arie A, Lurie S, Manor M, Insler V. Reproductive outcome following hysteroscopic 
adhesiolysis in Asherman's syndrome. International journal of fertility and menopausal studies. 
1996;41(5):462-5. 
22. Protopapas A, Shushan A, Magos A. Myometrial scoring: a new technique for the 
management of severe Asherman's syndrome. Fertility and sterility. 1998;69(5):860-4. 
23. Cohen SB, Kalter-Ferber A, Weisz BS, Zalel Y, Seidman DS, Mashiach S, et al. Hysteroscopy 
may be the method of choice for management of residual trophoblastic tissue. The Journal of the 
American Association of Gynecologic Laparoscopists. 2001;8(2):199-202. 
24. Goldenberg M, Schiff E, Achiron R, Lipitz S, Mashiach S. Managing residual trophoblastic 
tissue. Hysteroscopy for directing curettage. The Journal of reproductive medicine. 1997;42(1):26-8. 
25. Shaffer W. Role of uterine adhesions in the cause of multiple pregnancy losses. Clinical 
obstetrics and gynecology. 1986;29(4):912-24. 
26. Farquharson RG, Jauniaux E, Exalto N. Updated and revised nomenclature for description of 
early pregnancy events. Human reproduction (Oxford, England). 2005;20(11):3008-11. 
27. Yu D, Wong YM, Cheong Y, Xia E, Li TC. Asherman syndrome--one century later. Fertility and 
sterility. 2008;89(4):759-79. 
28. Wamsteker K. ESH classification of intra-uterine adhesions (IUA)- grade extent of intrauterine 
adhesions. European Society of Hysteroscopy – Membership Directory 1990-1991;60. 
29. Wamsteker K, De Blok SJ. Diagnostic hysteroscopy: technique and documentation.  
Endoscopic Surgery for Gynecologist. New York: Lippincott Williams & Wilkins Publishers; 1995. p. 
263-76. 
30. Grimbizis GF, Gordts S, Di Spiezio Sardo A, Brucker S, De Angelis C, Gergolet M, et al. The 
ESHRE/ESGE consensus on the classification of female genital tract congenital anomalies. Human 
reproduction (Oxford, England). 2013;28(8):2032-44. 
31. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. Lancet (London, England). 2007;370(9596):1453-7. 
32. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in 
medicine. 2002;21(11):1539-58. 
33. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. 
BMJ (Clinical research ed). 2003;327(7414):557-60. 
34. Santangelo C. Hysteroscopy in the control of intrauterine adhesions after curettage. Archivio 
di Ostetricia e Ginecologia 1996;5:57–8. 
35. Adoni A, Palti Z, Milwidsky A, Dolberg M. The incidence of intrauterine adhesions following 
spontaneous abortion. International journal of fertility. 1982;27(2):117-8. 
36. Harger JH, Archer DF, Marchese SG, Muracca-Clemens M, Garver KL. Etiology of recurrent 
pregnancy losses and outcome of subsequent pregnancies. Obstetrics and gynecology. 
1983;62(5):574-81. 
37. Stephenson MD. Frequency of factors associated with habitual abortion in 197 couples. 
Fertility and sterility. 1996;66(1):24-9. 
38. Stray-Pedersen B, Stray-Pedersen S. Etiologic factors and subsequent reproductive 
performance in 195 couples with a prior history of habitual abortion. American journal of obstetrics 
and gynecology. 1984;148(2):140-6. 
39. Tsapanos VS, Stathopoulou LP, Papathanassopoulou VS, Tzingounis VA. The role of Seprafilm 
bioresorbable membrane in the prevention and therapy of endometrial synechiae. Journal of 
biomedical materials research. 2002;63(1):10-4. 
40. Bohlmann MK, von Wolff M, Luedders DW, Beuter-Winkler P, Diedrich K, Hornemann A, et al. 
Hysteroscopic findings in women with two and with more than two first-trimester miscarriages are 
not significantly different. Reproductive biomedicine online. 2010;21(2):230-6. 

38 
 

41. Ballester H, Matallin Evangelio P, Guilabert R, Castillon G, Fernandez Yuste G, Dieguez F, et al. 
Sonohistreography’s value in the study of patients with recurrent pregnancy losses. Rev Iberoam 
Fertil Reprod Hum. 2004;21:251-6. 
42. Ebrashi AN, Shawki OA, Momtaz M, Soliman EM, Al-Inany H. Comparative study between 
hysterosonography, hysterography and hysteroscopy for evaluating the uterine cavity in recurrent 
aborters. Middle East Fertil Soc J. 1998;3:62-5. 
43. Badawy AM, El-Gharib ME, Zalata K. Should endometrial biopsy be a routine investigation for 
recurrent early-pregnancy loss? . Gynaecol Endosc 2002;11:397-9. 
44. Shiotsuka Y, Hayashi S, Kobayashi K. The clinical observations and chromosome analyses on 
habitual abortions in our clinic. Jpn J Fertil Steril. 1980;25:46-50. 
45. Dendrinos S, Grigoriou O, Sakkas EG, Makrakis E, Creatsas G. Hysteroscopy in the evaluation 
of habitual abortions. The European journal of contraception & reproductive health care : the official 
journal of the European Society of Contraception. 2008;13(2):198-200. 
46. Fedele L, Bianchi S, Dorta M, Vignali M. Intrauterine adhesions: detection with transvaginal 
US. Radiology. 1996;199(3):757-9. 
47. Feng ZC, Huang YL, Sun JF, Yang BY, Xue BR, Zhuang LQ. Diagnostic and therapeutic 
hysteroscopy for traumatic intrauterine adhesion. Clinical analysis of 70 patients. Chinese medical 
journal. 1989;102(7):553-8. 
48. Guimaraes Filho HA, Mattar R, Pires CR, Araujo Junior E, Moron AF, Nardozza LM. Prevalence 
of uterine defects in habitual abortion patients attended on at a university health service in Brazil. 
Archives of gynecology and obstetrics. 2006;274(6):345-8. 
49. Jaslow CR, Carney JL, Kutteh WH. Diagnostic factors identified in 1020 women with two 
versus three or more recurrent pregnancy losses. Fertility and sterility. 2010;93(4):1234-43. 
50. Raziel A, Arieli S, Bukovsky I, Caspi E, Golan A. Investigation of the uterine cavity in recurrent 
aborters. Fertility and sterility. 1994;62(5):1080-2. 
51. Souza CA, Schmitz C, Genro VK, Martins A, Scheffel C, Oppermann ML, et al. Office 
hysteroscopy study in consecutive miscarriage patients. Revista da Associacao Medica Brasileira 
(1992). 2011;57(4):397-401. 
52. Tulppala M, Palosuo T, Ramsay T, Miettinen A, Salonen R, Ylikorkala O. A prospective study of 
63 couples with a history of recurrent spontaneous abortion: contributing factors and outcome of 
subsequent pregnancies. Human reproduction (Oxford, England). 1993;8(5):764-70. 
53. Valli E, Zupi E, Marconi D, Vaquero E, Giovannini P, Lazzarin N, et al. Hysteroscopic findings in 
344 women with recurrent spontaneous abortion. The Journal of the American Association of 
Gynecologic Laparoscopists. 2001;8(3):398-401. 
54. Ventolini G, Zhang M, Gruber J. Hysteroscopy in the evaluation of patients with recurrent 
pregnancy loss: a cohort study in a primary care population. Surgical endoscopy. 2004;18(12):1782-4. 
55. Wang Y, Han M, Li C, Sun A, Guo X, Zhang Y. The value of hysteroscopy in the diagnosis of 
infertility and habitual abortion. Chinese medical sciences journal = Chung-kuo i hsueh k'o hsueh tsa 
chih. 1992;7(4):226-9. 
56. Weiss A, Shalev E, Romano S. Hysteroscopy may be justified after two miscarriages. Human 
reproduction (Oxford, England). 2005;20(9):2628-31. 
57. Taylor PJ, Cumming DC, Hill PJ. Significance of intrauterine adhesions detected 
hysteroscopically in eumenorrheic infertile women and role of antecedent curettage in their 
formation. American journal of obstetrics and gynecology. 1981;139(3):239-42. 
58. Salat-Baroux J, Hamou JE, Uzan S, Antoine JM. Postabortal hysteroscopy.  Hysteroscopy, 
Principles and Practice. Philadelphia: Lippincott; 1984. 
59. Dalton VK, Saunders NA, Harris LH, Williams JA, Lebovic DI. Intrauterine adhesions after 
manual vacuum aspiration for early pregnancy failure. Fertility and sterility. 2006;85(6):1823.e1-3. 
60. Westendorp IC, Ankum WM, Mol BW, Vonk J. Prevalence of Asherman's syndrome after 
secondary removal of placental remnants or a repeat curettage for incomplete abortion. Human 
reproduction (Oxford, England). 1998;13(12):3347-50. 



Systematic review and meta-analysis of intra uterine adhesions after miscarriage | 43

2

37 
 

20. Goldenberg M, Sivan E, Sharabi Z, Mashiach S, Lipitz S, Seidman DS. Reproductive outcome 
following hysteroscopic management of intrauterine septum and adhesions. Human reproduction 
(Oxford, England). 1995;10(10):2663-5. 
21. Katz Z, Ben-Arie A, Lurie S, Manor M, Insler V. Reproductive outcome following hysteroscopic 
adhesiolysis in Asherman's syndrome. International journal of fertility and menopausal studies. 
1996;41(5):462-5. 
22. Protopapas A, Shushan A, Magos A. Myometrial scoring: a new technique for the 
management of severe Asherman's syndrome. Fertility and sterility. 1998;69(5):860-4. 
23. Cohen SB, Kalter-Ferber A, Weisz BS, Zalel Y, Seidman DS, Mashiach S, et al. Hysteroscopy 
may be the method of choice for management of residual trophoblastic tissue. The Journal of the 
American Association of Gynecologic Laparoscopists. 2001;8(2):199-202. 
24. Goldenberg M, Schiff E, Achiron R, Lipitz S, Mashiach S. Managing residual trophoblastic 
tissue. Hysteroscopy for directing curettage. The Journal of reproductive medicine. 1997;42(1):26-8. 
25. Shaffer W. Role of uterine adhesions in the cause of multiple pregnancy losses. Clinical 
obstetrics and gynecology. 1986;29(4):912-24. 
26. Farquharson RG, Jauniaux E, Exalto N. Updated and revised nomenclature for description of 
early pregnancy events. Human reproduction (Oxford, England). 2005;20(11):3008-11. 
27. Yu D, Wong YM, Cheong Y, Xia E, Li TC. Asherman syndrome--one century later. Fertility and 
sterility. 2008;89(4):759-79. 
28. Wamsteker K. ESH classification of intra-uterine adhesions (IUA)- grade extent of intrauterine 
adhesions. European Society of Hysteroscopy – Membership Directory 1990-1991;60. 
29. Wamsteker K, De Blok SJ. Diagnostic hysteroscopy: technique and documentation.  
Endoscopic Surgery for Gynecologist. New York: Lippincott Williams & Wilkins Publishers; 1995. p. 
263-76. 
30. Grimbizis GF, Gordts S, Di Spiezio Sardo A, Brucker S, De Angelis C, Gergolet M, et al. The 
ESHRE/ESGE consensus on the classification of female genital tract congenital anomalies. Human 
reproduction (Oxford, England). 2013;28(8):2032-44. 
31. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. Lancet (London, England). 2007;370(9596):1453-7. 
32. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in 
medicine. 2002;21(11):1539-58. 
33. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. 
BMJ (Clinical research ed). 2003;327(7414):557-60. 
34. Santangelo C. Hysteroscopy in the control of intrauterine adhesions after curettage. Archivio 
di Ostetricia e Ginecologia 1996;5:57–8. 
35. Adoni A, Palti Z, Milwidsky A, Dolberg M. The incidence of intrauterine adhesions following 
spontaneous abortion. International journal of fertility. 1982;27(2):117-8. 
36. Harger JH, Archer DF, Marchese SG, Muracca-Clemens M, Garver KL. Etiology of recurrent 
pregnancy losses and outcome of subsequent pregnancies. Obstetrics and gynecology. 
1983;62(5):574-81. 
37. Stephenson MD. Frequency of factors associated with habitual abortion in 197 couples. 
Fertility and sterility. 1996;66(1):24-9. 
38. Stray-Pedersen B, Stray-Pedersen S. Etiologic factors and subsequent reproductive 
performance in 195 couples with a prior history of habitual abortion. American journal of obstetrics 
and gynecology. 1984;148(2):140-6. 
39. Tsapanos VS, Stathopoulou LP, Papathanassopoulou VS, Tzingounis VA. The role of Seprafilm 
bioresorbable membrane in the prevention and therapy of endometrial synechiae. Journal of 
biomedical materials research. 2002;63(1):10-4. 
40. Bohlmann MK, von Wolff M, Luedders DW, Beuter-Winkler P, Diedrich K, Hornemann A, et al. 
Hysteroscopic findings in women with two and with more than two first-trimester miscarriages are 
not significantly different. Reproductive biomedicine online. 2010;21(2):230-6. 

38 
 

41. Ballester H, Matallin Evangelio P, Guilabert R, Castillon G, Fernandez Yuste G, Dieguez F, et al. 
Sonohistreography’s value in the study of patients with recurrent pregnancy losses. Rev Iberoam 
Fertil Reprod Hum. 2004;21:251-6. 
42. Ebrashi AN, Shawki OA, Momtaz M, Soliman EM, Al-Inany H. Comparative study between 
hysterosonography, hysterography and hysteroscopy for evaluating the uterine cavity in recurrent 
aborters. Middle East Fertil Soc J. 1998;3:62-5. 
43. Badawy AM, El-Gharib ME, Zalata K. Should endometrial biopsy be a routine investigation for 
recurrent early-pregnancy loss? . Gynaecol Endosc 2002;11:397-9. 
44. Shiotsuka Y, Hayashi S, Kobayashi K. The clinical observations and chromosome analyses on 
habitual abortions in our clinic. Jpn J Fertil Steril. 1980;25:46-50. 
45. Dendrinos S, Grigoriou O, Sakkas EG, Makrakis E, Creatsas G. Hysteroscopy in the evaluation 
of habitual abortions. The European journal of contraception & reproductive health care : the official 
journal of the European Society of Contraception. 2008;13(2):198-200. 
46. Fedele L, Bianchi S, Dorta M, Vignali M. Intrauterine adhesions: detection with transvaginal 
US. Radiology. 1996;199(3):757-9. 
47. Feng ZC, Huang YL, Sun JF, Yang BY, Xue BR, Zhuang LQ. Diagnostic and therapeutic 
hysteroscopy for traumatic intrauterine adhesion. Clinical analysis of 70 patients. Chinese medical 
journal. 1989;102(7):553-8. 
48. Guimaraes Filho HA, Mattar R, Pires CR, Araujo Junior E, Moron AF, Nardozza LM. Prevalence 
of uterine defects in habitual abortion patients attended on at a university health service in Brazil. 
Archives of gynecology and obstetrics. 2006;274(6):345-8. 
49. Jaslow CR, Carney JL, Kutteh WH. Diagnostic factors identified in 1020 women with two 
versus three or more recurrent pregnancy losses. Fertility and sterility. 2010;93(4):1234-43. 
50. Raziel A, Arieli S, Bukovsky I, Caspi E, Golan A. Investigation of the uterine cavity in recurrent 
aborters. Fertility and sterility. 1994;62(5):1080-2. 
51. Souza CA, Schmitz C, Genro VK, Martins A, Scheffel C, Oppermann ML, et al. Office 
hysteroscopy study in consecutive miscarriage patients. Revista da Associacao Medica Brasileira 
(1992). 2011;57(4):397-401. 
52. Tulppala M, Palosuo T, Ramsay T, Miettinen A, Salonen R, Ylikorkala O. A prospective study of 
63 couples with a history of recurrent spontaneous abortion: contributing factors and outcome of 
subsequent pregnancies. Human reproduction (Oxford, England). 1993;8(5):764-70. 
53. Valli E, Zupi E, Marconi D, Vaquero E, Giovannini P, Lazzarin N, et al. Hysteroscopic findings in 
344 women with recurrent spontaneous abortion. The Journal of the American Association of 
Gynecologic Laparoscopists. 2001;8(3):398-401. 
54. Ventolini G, Zhang M, Gruber J. Hysteroscopy in the evaluation of patients with recurrent 
pregnancy loss: a cohort study in a primary care population. Surgical endoscopy. 2004;18(12):1782-4. 
55. Wang Y, Han M, Li C, Sun A, Guo X, Zhang Y. The value of hysteroscopy in the diagnosis of 
infertility and habitual abortion. Chinese medical sciences journal = Chung-kuo i hsueh k'o hsueh tsa 
chih. 1992;7(4):226-9. 
56. Weiss A, Shalev E, Romano S. Hysteroscopy may be justified after two miscarriages. Human 
reproduction (Oxford, England). 2005;20(9):2628-31. 
57. Taylor PJ, Cumming DC, Hill PJ. Significance of intrauterine adhesions detected 
hysteroscopically in eumenorrheic infertile women and role of antecedent curettage in their 
formation. American journal of obstetrics and gynecology. 1981;139(3):239-42. 
58. Salat-Baroux J, Hamou JE, Uzan S, Antoine JM. Postabortal hysteroscopy.  Hysteroscopy, 
Principles and Practice. Philadelphia: Lippincott; 1984. 
59. Dalton VK, Saunders NA, Harris LH, Williams JA, Lebovic DI. Intrauterine adhesions after 
manual vacuum aspiration for early pregnancy failure. Fertility and sterility. 2006;85(6):1823.e1-3. 
60. Westendorp IC, Ankum WM, Mol BW, Vonk J. Prevalence of Asherman's syndrome after 
secondary removal of placental remnants or a repeat curettage for incomplete abortion. Human 
reproduction (Oxford, England). 1998;13(12):3347-50. 



44 | Chapter 2

39 
 

61. Yasar L, Sonmez S, Koc S, Cebi Z, Kupelioglu L, Toklar A, et al. Prophylactic estrogen 
administration for preventing intrauterine adhesion formation following missed abortions. 
Jinekolojive Obstetrik Dergisi 2004;18:154-7. 
62. Cogendez E, Dolgun ZN, Sanverdi I, Turgut A, Eren S. Post-abortion hysteroscopy: a method 
for early diagnosis of congenital and acquired intrauterine causes of abortions. European journal of 
obstetrics, gynecology, and reproductive biology. 2011;156(1):101-4. 
63. Friedler S, Margalioth EJ, Kafka I, Yaffe H. Incidence of post-abortion intra-uterine adhesions 
evaluated by hysteroscopy--a prospective study. Human reproduction (Oxford, England). 
1993;8(3):442-4. 
64. Golan A, Schneider D, Avrech O, Raziel A, Bukovsky I, Caspi E. Hysteroscopic findings after 
missed abortion. Fertility and sterility. 1992;58(3):508-10. 
65. Kuzel D, Horak P, Hrazdirova L, Kubinova K, Sosna O, Mara M. "See and treat" hysteroscopy 
after missed abortion. Minimally invasive therapy & allied technologies : MITAT : official journal of 
the Society for Minimally Invasive Therapy. 2011;20(1):14-7. 
66. Romer T. Post-abortion-hysteroscopy--a method for early diagnosis of congenital and 
acquired intrauterine causes of abortions. European journal of obstetrics, gynecology, and 
reproductive biology. 1994;57(3):171-3. 
67. Romer T, Bojahr B, Muller J, Lober R. [Early diagnosis of congenital and acquired intrauterine 
causes of abortion by post-abortion hysteroscopy]. Geburtshilfe und Frauenheilkunde. 
1996;56(10):542-5. 
68. Tam WH, Lau WC, Cheung LP, Yuen PM, Chung TK. Intrauterine adhesions after conservative 
and surgical management of spontaneous abortion. The Journal of the American Association of 
Gynecologic Laparoscopists. 2002;9(2):182-5. 
69. Wang XY, Li Z, A YN, Zou SH. [Hysteroscopy for early abortion after IVF-ET: clinical analysis of 
84 cases]. Zhonghua nan ke xue = National journal of andrology. 2011;17(1):52-4. 
70. Chung TK, Lee DT, Cheung LP, Haines CJ, Chang AM. Spontaneous abortion: a randomized, 
controlled trial comparing surgical evacuation with conservative management using misoprostol. 
Fertility and sterility. 1999;71(6):1054-9. 
71. Bergquist CA, Rock JA, Jones HW, Jr. Pregnancy outcome following treatment of intrauterine 
adhesions. International journal of fertility. 1981;26(2):107-11. 
72. Roy KK, Baruah J, Sharma JB, Kumar S, Kachawa G, Singh N. Reproductive outcome following 
hysteroscopic adhesiolysis in patients with infertility due to Asherman's syndrome. Archives of 
gynecology and obstetrics. 2010;281(2):355-61. 
73. March C, Marrs R, Ringler G, Vargyas J, March C, Israel R. Gestational outcome after therapy 
for intrauterine adhesions. Fertility and sterility. 2010;93:S6. 
74. Adesiyun AG, M.S. Z, I. O-W, A O. Infertile women with Asherman's syndrome etiologic 
factors and treatment outcome. J Reproduktionsmed Endokrinol. 2010;7:349. 
75. Caspi E, Perpinial S. Reproductive performance after treatment of intrauterine adhesions. 
International journal of fertility. 1975;20(249-252). 
76. Fedele L, Vercellini P, Viezzoli T, Ricciardiello O, Zamberletti D. Intrauterine adhesions: 
current diagnostic and therapeutic trends. Acta Europaea fertilitatis. 1986;17(1):31-7. 
77. Fernandez H, Al-Najjar F, Chauveaud-Lambling A, Frydman R, Gervaise A. Fertility after 
treatment of Asherman's syndrome stage 3 and 4. Journal of minimally invasive gynecology. 
2006;13(5):398-402. 
78. Pabuccu R, Atay V, Orhon E, Urman B, Ergun A. Hysteroscopic treatment of intrauterine 
adhesions is safe and effective in the restoration of normal menstruation and fertility. Fertility and 
sterility. 1997;68(6):1141-3. 
79. Roy KK. Reproductive outcome following hysteroscopic adhesiolysis in patients with infertility 
due to Asherman’s syndrome. Journal of minimally invasive gynecology. 2010;17:S68. 
80. Bhattacharya S, Townend J, Shetty A, Campbell D, Bhattacharya S. Does miscarriage in an 
initial pregnancy lead to adverse obstetric and perinatal outcomes in the next continuing pregnancy? 
BJOG : an international journal of obstetrics and gynaecology. 2008;115(13):1623-9. 

40 
 

81. David TJ, Smith CM. Outcome of pregnancy after spontaneous abortion. British medical 
journal. 1980;280(6212):447-8. 
82. Gray RH, Wu LY. Subfertility and risk of spontaneous abortion. American journal of public 
health. 2000;90(9):1452-4. 
83. Hure AJ, Powers JR, Mishra GD, Herbert DL, Byles JE, Loxton D. Miscarriage, preterm delivery, 
and stillbirth: large variations in rates within a cohort of Australian women. PloS one. 
2012;7(5):e37109. 
84. Joffe M, Li Z. Association of time to pregnancy and the outcome of pregnancy. Fertility and 
sterility. 1994;62(1):71-5. 
85. Knudsen UB, Hansen V, Juul S, Secher NJ. Prognosis of a new pregnancy following previous 
spontaneous abortions. European journal of obstetrics, gynecology, and reproductive biology. 
1991;39(1):31-6. 
86. Maconochie N, Doyle P, Prior S, Simmons R. Risk factors for first trimester miscarriage--
results from a UK-population-based case-control study. BJOG : an international journal of obstetrics 
and gynaecology. 2007;114(2):170-86. 
87. Rachootin P, Olsen J. Prevalence and socioeconomic correlates of subfecundity and 
spontaneous abortion in Denmark. International journal of epidemiology. 1982;11(3):245-9. 
88. Regan L, Braude PR, Trembath PL. Influence of past reproductive performance on risk of 
spontaneous abortion. BMJ (Clinical research ed). 1989;299(6698):541-5. 
89. Taskinen HK, Kyyronen P, Sallmen M, Virtanen SV, Liukkonen TA, Huida O, et al. Reduced 
fertility among female wood workers exposed to formaldehyde. American journal of industrial 
medicine. 1999;36(1):206-12. 
90. Thom DH, Nelson LM, Vaughan TL. Spontaneous abortion and subsequent adverse birth 
outcomes. American journal of obstetrics and gynecology. 1992;166(1 Pt 1):111-6. 
91. Cowchock FS, Smith JB. Fertility among women with recurrent spontaneous abortions--the 
effect of paternal cell immunization treatment. American journal of reproductive immunology (New 
York, NY : 1989). 1995;33(2):176-81. 
92. Saitoh M, Ishihara O, Hayashi N, Arai K, Takeda S, Kinoshita K, et al. Analysis of recurrent 
spontaneous abortion and subsequent outcomes of pregnancy in couples with recurrent 
spontaneous abortion. Jpn J Fertil Steril 1998;43:185-93. 
93. Prakash A, Laird S, Li TC, Ledger WL. Preliminary prospective study of the endocrinology of 
conception cycles and early pregnancy in women with antiphospholipid syndrome treated with low 
molecular weight heparin. Fertility and sterility. 2006;85(1):165-70. 
94. Rai R, Regan L. Recurrent miscarriage. Lancet (London, England). 2006;368(9535):601-11. 
95. Ruiz AM, Kwak JY, Kwak FM, Beer AE. Impact of age on reproductive outcome in women with 
recurrent spontaneous abortions and infertility of immune etiology. American journal of 
reproductive immunology (New York, NY : 1989). 1996;35(4):408-14. 
96. Sheiner E, Levy A, Katz M, Mazor M. Pregnancy outcome following recurrent spontaneous 
abortions. European journal of obstetrics, gynecology, and reproductive biology. 2005;118(1):61-5. 
97. Stephenson M, Kutteh W. Evaluation and management of recurrent early pregnancy loss. 
Clinical obstetrics and gynecology. 2007;50(1):132-45. 
98. Kobayashi F, Sagawa N, Konishi I, Tsuruta Y, Fujiwara H, Mori F. Spontaneous conception and 
intrauterine pregnancy in a symptomatic missed abortion of ectopic pregnancy conceived in the 
previous cycle. Human reproduction (Oxford, England). 1996;11(6):1347-9. 
99. Raziel A, Friedler S, Schachter M, Strassburger D, Ron-El R. Successful pregnancy after 24 
consecutive fetal losses: lessons learned from surrogacy. Fertility and sterility. 2000;74(1):104-6. 
100. Sills ES, Perloe M, Stamm LJ, Kaplan CR, Tucker MJ. Medical and psychological management 
of recurrent abortion, history of postneonatal death, ectopic pregnancy and infertility: successful 
implementation of IVF for multifactorial reproductive dysfunction. A case report. Clinical and 
experimental obstetrics & gynecology. 2004;31(2):143-6. 



Systematic review and meta-analysis of intra uterine adhesions after miscarriage | 45

2

39 
 

61. Yasar L, Sonmez S, Koc S, Cebi Z, Kupelioglu L, Toklar A, et al. Prophylactic estrogen 
administration for preventing intrauterine adhesion formation following missed abortions. 
Jinekolojive Obstetrik Dergisi 2004;18:154-7. 
62. Cogendez E, Dolgun ZN, Sanverdi I, Turgut A, Eren S. Post-abortion hysteroscopy: a method 
for early diagnosis of congenital and acquired intrauterine causes of abortions. European journal of 
obstetrics, gynecology, and reproductive biology. 2011;156(1):101-4. 
63. Friedler S, Margalioth EJ, Kafka I, Yaffe H. Incidence of post-abortion intra-uterine adhesions 
evaluated by hysteroscopy--a prospective study. Human reproduction (Oxford, England). 
1993;8(3):442-4. 
64. Golan A, Schneider D, Avrech O, Raziel A, Bukovsky I, Caspi E. Hysteroscopic findings after 
missed abortion. Fertility and sterility. 1992;58(3):508-10. 
65. Kuzel D, Horak P, Hrazdirova L, Kubinova K, Sosna O, Mara M. "See and treat" hysteroscopy 
after missed abortion. Minimally invasive therapy & allied technologies : MITAT : official journal of 
the Society for Minimally Invasive Therapy. 2011;20(1):14-7. 
66. Romer T. Post-abortion-hysteroscopy--a method for early diagnosis of congenital and 
acquired intrauterine causes of abortions. European journal of obstetrics, gynecology, and 
reproductive biology. 1994;57(3):171-3. 
67. Romer T, Bojahr B, Muller J, Lober R. [Early diagnosis of congenital and acquired intrauterine 
causes of abortion by post-abortion hysteroscopy]. Geburtshilfe und Frauenheilkunde. 
1996;56(10):542-5. 
68. Tam WH, Lau WC, Cheung LP, Yuen PM, Chung TK. Intrauterine adhesions after conservative 
and surgical management of spontaneous abortion. The Journal of the American Association of 
Gynecologic Laparoscopists. 2002;9(2):182-5. 
69. Wang XY, Li Z, A YN, Zou SH. [Hysteroscopy for early abortion after IVF-ET: clinical analysis of 
84 cases]. Zhonghua nan ke xue = National journal of andrology. 2011;17(1):52-4. 
70. Chung TK, Lee DT, Cheung LP, Haines CJ, Chang AM. Spontaneous abortion: a randomized, 
controlled trial comparing surgical evacuation with conservative management using misoprostol. 
Fertility and sterility. 1999;71(6):1054-9. 
71. Bergquist CA, Rock JA, Jones HW, Jr. Pregnancy outcome following treatment of intrauterine 
adhesions. International journal of fertility. 1981;26(2):107-11. 
72. Roy KK, Baruah J, Sharma JB, Kumar S, Kachawa G, Singh N. Reproductive outcome following 
hysteroscopic adhesiolysis in patients with infertility due to Asherman's syndrome. Archives of 
gynecology and obstetrics. 2010;281(2):355-61. 
73. March C, Marrs R, Ringler G, Vargyas J, March C, Israel R. Gestational outcome after therapy 
for intrauterine adhesions. Fertility and sterility. 2010;93:S6. 
74. Adesiyun AG, M.S. Z, I. O-W, A O. Infertile women with Asherman's syndrome etiologic 
factors and treatment outcome. J Reproduktionsmed Endokrinol. 2010;7:349. 
75. Caspi E, Perpinial S. Reproductive performance after treatment of intrauterine adhesions. 
International journal of fertility. 1975;20(249-252). 
76. Fedele L, Vercellini P, Viezzoli T, Ricciardiello O, Zamberletti D. Intrauterine adhesions: 
current diagnostic and therapeutic trends. Acta Europaea fertilitatis. 1986;17(1):31-7. 
77. Fernandez H, Al-Najjar F, Chauveaud-Lambling A, Frydman R, Gervaise A. Fertility after 
treatment of Asherman's syndrome stage 3 and 4. Journal of minimally invasive gynecology. 
2006;13(5):398-402. 
78. Pabuccu R, Atay V, Orhon E, Urman B, Ergun A. Hysteroscopic treatment of intrauterine 
adhesions is safe and effective in the restoration of normal menstruation and fertility. Fertility and 
sterility. 1997;68(6):1141-3. 
79. Roy KK. Reproductive outcome following hysteroscopic adhesiolysis in patients with infertility 
due to Asherman’s syndrome. Journal of minimally invasive gynecology. 2010;17:S68. 
80. Bhattacharya S, Townend J, Shetty A, Campbell D, Bhattacharya S. Does miscarriage in an 
initial pregnancy lead to adverse obstetric and perinatal outcomes in the next continuing pregnancy? 
BJOG : an international journal of obstetrics and gynaecology. 2008;115(13):1623-9. 

40 
 

81. David TJ, Smith CM. Outcome of pregnancy after spontaneous abortion. British medical 
journal. 1980;280(6212):447-8. 
82. Gray RH, Wu LY. Subfertility and risk of spontaneous abortion. American journal of public 
health. 2000;90(9):1452-4. 
83. Hure AJ, Powers JR, Mishra GD, Herbert DL, Byles JE, Loxton D. Miscarriage, preterm delivery, 
and stillbirth: large variations in rates within a cohort of Australian women. PloS one. 
2012;7(5):e37109. 
84. Joffe M, Li Z. Association of time to pregnancy and the outcome of pregnancy. Fertility and 
sterility. 1994;62(1):71-5. 
85. Knudsen UB, Hansen V, Juul S, Secher NJ. Prognosis of a new pregnancy following previous 
spontaneous abortions. European journal of obstetrics, gynecology, and reproductive biology. 
1991;39(1):31-6. 
86. Maconochie N, Doyle P, Prior S, Simmons R. Risk factors for first trimester miscarriage--
results from a UK-population-based case-control study. BJOG : an international journal of obstetrics 
and gynaecology. 2007;114(2):170-86. 
87. Rachootin P, Olsen J. Prevalence and socioeconomic correlates of subfecundity and 
spontaneous abortion in Denmark. International journal of epidemiology. 1982;11(3):245-9. 
88. Regan L, Braude PR, Trembath PL. Influence of past reproductive performance on risk of 
spontaneous abortion. BMJ (Clinical research ed). 1989;299(6698):541-5. 
89. Taskinen HK, Kyyronen P, Sallmen M, Virtanen SV, Liukkonen TA, Huida O, et al. Reduced 
fertility among female wood workers exposed to formaldehyde. American journal of industrial 
medicine. 1999;36(1):206-12. 
90. Thom DH, Nelson LM, Vaughan TL. Spontaneous abortion and subsequent adverse birth 
outcomes. American journal of obstetrics and gynecology. 1992;166(1 Pt 1):111-6. 
91. Cowchock FS, Smith JB. Fertility among women with recurrent spontaneous abortions--the 
effect of paternal cell immunization treatment. American journal of reproductive immunology (New 
York, NY : 1989). 1995;33(2):176-81. 
92. Saitoh M, Ishihara O, Hayashi N, Arai K, Takeda S, Kinoshita K, et al. Analysis of recurrent 
spontaneous abortion and subsequent outcomes of pregnancy in couples with recurrent 
spontaneous abortion. Jpn J Fertil Steril 1998;43:185-93. 
93. Prakash A, Laird S, Li TC, Ledger WL. Preliminary prospective study of the endocrinology of 
conception cycles and early pregnancy in women with antiphospholipid syndrome treated with low 
molecular weight heparin. Fertility and sterility. 2006;85(1):165-70. 
94. Rai R, Regan L. Recurrent miscarriage. Lancet (London, England). 2006;368(9535):601-11. 
95. Ruiz AM, Kwak JY, Kwak FM, Beer AE. Impact of age on reproductive outcome in women with 
recurrent spontaneous abortions and infertility of immune etiology. American journal of 
reproductive immunology (New York, NY : 1989). 1996;35(4):408-14. 
96. Sheiner E, Levy A, Katz M, Mazor M. Pregnancy outcome following recurrent spontaneous 
abortions. European journal of obstetrics, gynecology, and reproductive biology. 2005;118(1):61-5. 
97. Stephenson M, Kutteh W. Evaluation and management of recurrent early pregnancy loss. 
Clinical obstetrics and gynecology. 2007;50(1):132-45. 
98. Kobayashi F, Sagawa N, Konishi I, Tsuruta Y, Fujiwara H, Mori F. Spontaneous conception and 
intrauterine pregnancy in a symptomatic missed abortion of ectopic pregnancy conceived in the 
previous cycle. Human reproduction (Oxford, England). 1996;11(6):1347-9. 
99. Raziel A, Friedler S, Schachter M, Strassburger D, Ron-El R. Successful pregnancy after 24 
consecutive fetal losses: lessons learned from surrogacy. Fertility and sterility. 2000;74(1):104-6. 
100. Sills ES, Perloe M, Stamm LJ, Kaplan CR, Tucker MJ. Medical and psychological management 
of recurrent abortion, history of postneonatal death, ectopic pregnancy and infertility: successful 
implementation of IVF for multifactorial reproductive dysfunction. A case report. Clinical and 
experimental obstetrics & gynecology. 2004;31(2):143-6. 



46 | Chapter 2

41 
 

101. Creinin MD. Conception rates after abortion with methotrexate and misoprostol. 
International journal of gynaecology and obstetrics: the official organ of the International Federation 
of Gynaecology and Obstetrics. 1999;65(2):183-8. 
102. Hassan MA, Killick SR. Is previous aberrant reproductive outcome predictive of subsequently 
reduced fecundity? Human reproduction (Oxford, England). 2005;20(3):657-64. 
103. Levin S, Amsterdam E, Brook I, Insler V. The effect of missed abortion and spontaneous 
abortion on the fate of subsequent pregnancies. Acta obstetricia et gynecologica Scandinavica. 
1979;58(4):371-3. 
104. Adelusi B, Bamgboye EA, Chowdhury N, Al-Nuaim L. Pregnancy trends after abortion. Journal 
of obstetrics and gynaecology : the journal of the Institute of Obstetrics and Gynaecology. 
1998;18(2):159-63. 
105. Ben-Baruch G, Schiff E, Moran O, Menashe Y, Mashiach S, Menczer J. Curettage vs. 
nonsurgical management in women with early spontaneous abortions. The effect on fertility. The 
Journal of reproductive medicine. 1991;36(9):644-6. 
106. Blohm F, Hahlin M, Nielsen S, Milsom I. Fertility after a randomised trial of spontaneous 
abortion managed by surgical evacuation or expectant treatment. Lancet (London, England). 
1997;349(9057):995. 
107. Fontanarosa M, Galiberti S, Fontanarosa N. Fertility after non-surgical management of the 
symptomatic first-trimester spontaneous abortion. Minerva ginecologica. 2007;59(6):591-4. 
108. Graziosi GC, Bruinse HW, Reuwer PJ, Teteringen O, Mol BW. Fertility outcome after a 
randomized trial comparing curettage with misoprostol for treatment of early pregnancy failure. 
Human reproduction (Oxford, England). 2005;20(6):1749-50. 
109. Kaplan B, Pardo J, Rabinerson D, Fisch B, Neri A. Future fertility following conservative 
management of complete abortion. Human reproduction (Oxford, England). 1996;11(1):92-4. 
110. Smith LF, Ewings PD, Quinlan C. Incidence of pregnancy after expectant, medical, or surgical 
management of spontaneous first trimester miscarriage: long term follow-up of miscarriage 
treatment (MIST) randomised controlled trial. BMJ (Clinical research ed). 2009;339:b3827. 
111. Soares SR, Barbosa dos Reis MM, Camargos AF. Diagnostic accuracy of sonohysterography, 
transvaginal sonography, and hysterosalpingography in patients with uterine cavity diseases. Fertility 
and sterility. 2000;73(2):406-11. 
112. Valle RF. Hysteroscopy in the evaluation of female infertility. American journal of obstetrics 
and gynecology. 1980;137(4):425-31. 
113. Broeze KA, Opmeer BC, van der Veen F, Bossuyt PM, Bhattacharya S, Mol BW. Individual 
patient data meta-analysis: a promising approach for evidence synthesis in reproductive medicine. 
Human reproduction update. 2010;16(6):561-7. 
114. March CM. Intrauterine adhesions. Obstetrics and gynecology clinics of North America. 
1995;22(3):491-505. 
115. Friedman A, DeFazio J, DeCherney A. Severe obstetric complications after aggressive 
treatment of Asherman syndrome. Obstetrics and gynecology. 1986;67(6):864-7. 
116. Homer HA, Li TC, Cooke ID. The septate uterus: a review of management and reproductive 
outcome. Fertility and sterility. 2000;73(1):1-14. 
117. Burchell RC, Creed F, Rasoulpour M, Whitcomb M. Vascular anatomy of the human uterus 
and pregnancy wastage. British journal of obstetrics and gynaecology. 1978;85(9):698-706. 
118. Salim R, Regan L, Woelfer B, Backos M, Jurkovic D. A comparative study of the morphology of 
congenital uterine anomalies in women with and without a history of recurrent first trimester 
miscarriage. Human reproduction (Oxford, England). 2003;18(1):162-6. 
119. Pritts EA, Parker WH, Olive DL. Fibroids and infertility: an updated systematic review of the 
evidence. Fertility and sterility. 2009;91(4):1215-23. 
120. Somigliana E, Vercellini P, Daguati R, Pasin R, De Giorgi O, Crosignani PG. Fibroids and female 
reproduction: a critical analysis of the evidence. Human reproduction update. 2007;13(5):465-76. 

42 
 

121. Sunkara SK, Khairy M, El-Toukhy T, Khalaf Y, Coomarasamy A. The effect of intramural 
fibroids without uterine cavity involvement on the outcome of IVF treatment: a systematic review 
and meta-analysis. Human reproduction (Oxford, England). 2010;25(2):418-29. 
122. Neilson JP, Gyte GM, Hickey M, Vazquez JC, Dou L. Medical treatments for incomplete 
miscarriage (less than 24 weeks). The Cochrane database of systematic reviews. 2010(1):Cd007223. 

 

  



Systematic review and meta-analysis of intra uterine adhesions after miscarriage | 47

2

41 
 

101. Creinin MD. Conception rates after abortion with methotrexate and misoprostol. 
International journal of gynaecology and obstetrics: the official organ of the International Federation 
of Gynaecology and Obstetrics. 1999;65(2):183-8. 
102. Hassan MA, Killick SR. Is previous aberrant reproductive outcome predictive of subsequently 
reduced fecundity? Human reproduction (Oxford, England). 2005;20(3):657-64. 
103. Levin S, Amsterdam E, Brook I, Insler V. The effect of missed abortion and spontaneous 
abortion on the fate of subsequent pregnancies. Acta obstetricia et gynecologica Scandinavica. 
1979;58(4):371-3. 
104. Adelusi B, Bamgboye EA, Chowdhury N, Al-Nuaim L. Pregnancy trends after abortion. Journal 
of obstetrics and gynaecology : the journal of the Institute of Obstetrics and Gynaecology. 
1998;18(2):159-63. 
105. Ben-Baruch G, Schiff E, Moran O, Menashe Y, Mashiach S, Menczer J. Curettage vs. 
nonsurgical management in women with early spontaneous abortions. The effect on fertility. The 
Journal of reproductive medicine. 1991;36(9):644-6. 
106. Blohm F, Hahlin M, Nielsen S, Milsom I. Fertility after a randomised trial of spontaneous 
abortion managed by surgical evacuation or expectant treatment. Lancet (London, England). 
1997;349(9057):995. 
107. Fontanarosa M, Galiberti S, Fontanarosa N. Fertility after non-surgical management of the 
symptomatic first-trimester spontaneous abortion. Minerva ginecologica. 2007;59(6):591-4. 
108. Graziosi GC, Bruinse HW, Reuwer PJ, Teteringen O, Mol BW. Fertility outcome after a 
randomized trial comparing curettage with misoprostol for treatment of early pregnancy failure. 
Human reproduction (Oxford, England). 2005;20(6):1749-50. 
109. Kaplan B, Pardo J, Rabinerson D, Fisch B, Neri A. Future fertility following conservative 
management of complete abortion. Human reproduction (Oxford, England). 1996;11(1):92-4. 
110. Smith LF, Ewings PD, Quinlan C. Incidence of pregnancy after expectant, medical, or surgical 
management of spontaneous first trimester miscarriage: long term follow-up of miscarriage 
treatment (MIST) randomised controlled trial. BMJ (Clinical research ed). 2009;339:b3827. 
111. Soares SR, Barbosa dos Reis MM, Camargos AF. Diagnostic accuracy of sonohysterography, 
transvaginal sonography, and hysterosalpingography in patients with uterine cavity diseases. Fertility 
and sterility. 2000;73(2):406-11. 
112. Valle RF. Hysteroscopy in the evaluation of female infertility. American journal of obstetrics 
and gynecology. 1980;137(4):425-31. 
113. Broeze KA, Opmeer BC, van der Veen F, Bossuyt PM, Bhattacharya S, Mol BW. Individual 
patient data meta-analysis: a promising approach for evidence synthesis in reproductive medicine. 
Human reproduction update. 2010;16(6):561-7. 
114. March CM. Intrauterine adhesions. Obstetrics and gynecology clinics of North America. 
1995;22(3):491-505. 
115. Friedman A, DeFazio J, DeCherney A. Severe obstetric complications after aggressive 
treatment of Asherman syndrome. Obstetrics and gynecology. 1986;67(6):864-7. 
116. Homer HA, Li TC, Cooke ID. The septate uterus: a review of management and reproductive 
outcome. Fertility and sterility. 2000;73(1):1-14. 
117. Burchell RC, Creed F, Rasoulpour M, Whitcomb M. Vascular anatomy of the human uterus 
and pregnancy wastage. British journal of obstetrics and gynaecology. 1978;85(9):698-706. 
118. Salim R, Regan L, Woelfer B, Backos M, Jurkovic D. A comparative study of the morphology of 
congenital uterine anomalies in women with and without a history of recurrent first trimester 
miscarriage. Human reproduction (Oxford, England). 2003;18(1):162-6. 
119. Pritts EA, Parker WH, Olive DL. Fibroids and infertility: an updated systematic review of the 
evidence. Fertility and sterility. 2009;91(4):1215-23. 
120. Somigliana E, Vercellini P, Daguati R, Pasin R, De Giorgi O, Crosignani PG. Fibroids and female 
reproduction: a critical analysis of the evidence. Human reproduction update. 2007;13(5):465-76. 

42 
 

121. Sunkara SK, Khairy M, El-Toukhy T, Khalaf Y, Coomarasamy A. The effect of intramural 
fibroids without uterine cavity involvement on the outcome of IVF treatment: a systematic review 
and meta-analysis. Human reproduction (Oxford, England). 2010;25(2):418-29. 
122. Neilson JP, Gyte GM, Hickey M, Vazquez JC, Dou L. Medical treatments for incomplete 
miscarriage (less than 24 weeks). The Cochrane database of systematic reviews. 2010(1):Cd007223. 

 

  



48 | Chapter 2

43 
 

Supplementary data 
Table SI. STROBE Statement- checklist. Itemized reporting criteria of items that should be included in reports of observational studies. 

Description of items a 

 
Congende
z 
(2011) 

Wang 
(2011) 

Kuzel     
(2010) 

Salzani 
(2007) 

Yasar 
(2004) 

Tam  
(2002) 

Römer   
(1996) 

Römer   
(1994) 

Friedler 
(1993) 

Golan     
(1992) 

1a Study design is clear in title or abstract 1 1 1 1 1 1 1 1 1 1 
b Abstract has an informative and balanced 
summary of study 

1 1 1 1 1 1 1 1 1 1 

2 Explain the scientific background and 
rationale for the 
investigation being reported. 

1 1 1 1 1 1 1 1 1 1 

3 State specific objectives, including any 
prespecified 
Hypotheses 

1 1 1 1 1 1 1 1 1 1 

4 Present key elements of study design 
early in the paper 

1 1 1 1 1 1 1 1 1 1 

5 Describe the setting, locations, and 
relevant dates, including 
periods of recruitment, exposure, follow-up, 
and data collection 

0 0 0 0 1 1 0 0 0 0 

6a Gives the eligibility criteria and the 
sources and methods of 
selection of participants; describes methods 
of follow-up 

0 0 0 0 1 1 0 0 0 0 

b For matched studies, gives matching 
criteria and number of 
exposed and unexposed 

NA NA NA NA NA NA NA NA NA NA 

7 Clearly define all outcomes, exposures, 
predictors, potential 
confounders, and effect modifiers; gives 
diagnostic criteria, if 
applicable 

0 0 0 0 0 0 0 0 1 0 

8 For each variable of interest, give data 
sources and details of 
methods of assessment 

1 1 1 1 1 1 1 1 1 1 

9 Describe any efforts to address potential 
sources of bias 

0 0 0 0 0 0 0 0 0 0 

10 Explain how the study size was arrived at 0 0 0 1 0 1 1 0 0 0 
11 Explain how quantitative variables were 
handled in the 
analyses; if applicable, describes which 
groupings were 
chosen and why 

1 1 1 1 1 1 1 1 1 1 

12a Describe all statistical methods 1 0 0 1 1 1 1 0 0 0 
b Describe any methods used to examine 
subgroups and 
interactions 

1 0 0 0 1 1 0 0 0 0 

c Explain how missing data were addressed 0 0 0 0 1 1 0 0 0 0 

d Explain how loss to follow-up was 
addressed 

0 0 0 0 1 1 0 0 0 0 

e Describe any sensitivity analyses NA NA NA NA NA NA NA NA NA NA 

13a Report numbers of individuals at each 
stage of study 

0 0 0 0 1 1 0 0 0 0 

b Give reasons for non-participation at each 
stage 

0 0 0 0 1 1 0 0 0 0 

c Consider use of a flow diagram 0 0 0 0 0 0 0 0 0 0 

14a Give characteristics of study 
participants and information on 
exposures and potential confounders 

1 1 1 1 1 1 1 1 1 1 

b Indicate number of participants with 
missing data for each 
variable of interest 

0 0 0 0 1 1 0 0 0 0 

c Summarize follow-up time 0 0 1 1 1 1 1 1 1 1 

15. Report numbers of outcome events or 
summary measures 
over time 

1 1 1 1 1 1 1 1 1 1 

16a Give unadjusted estimates and, if 
applicable, confounder- 
adjusted estimates and their precision 

1 1 1 1 1 1 1 1 1 1 

b Report category boundaries when 
continuous variables were 
categorized 

0 0 0 0 0 0 0 0 0 0 

44 
 

c If relevant, consider translating estimates 
of relative risk into 
absolute risk for a meaningful time period 

NA NA NA NA NA NA NA NA NA NA 

17 Report other analyses done 1 1 1 1 1 1 1 1 1 1 
18 Summarize key results with reference to 
study objectives 

1 1 1 1 1 1 1 1 1 1 

19 Discuss limitations of the study, taking 
into account sources of 
potential bias or imprecision. 

0 0 0 0 0 0 0 0 0 0 

20. Give a cautious overall interpretation of 
results 

1 1 1 1 1 1 1 1 1 1 

21.Discuss the generalizability of the study 
results 

1 1 1 1 1 1 1 1 1 1 

22. Give funding sources 0 0 1 0 0 0 0 0 0 0 
Summary 

16/34 14/34 16/34 17/34 24/34 25/34 17/34 15/34 16/34 15/34 
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology. 
a Each item is classified as adequate “1”, inadequate “0” or not applicable “NA” in the evaluation of a paper. 
 

Table SII. STROBE Statement- checklist. Itemized reporting criteria of items that should be included in reports of observational studies. 

Description of items a 

 

Ben-Baruch 

(1991) 

Kaplan 

(1996) 

Blohm   
(1997) 

Adelusi 

(1998) 

Graziosi 

(2005) 

Tam  
(2005) 

Fontanarosa  
(2007) 

Smith 
(2009) 

1a Study design is clear in title or abstract 1 1 1 1 1 1 1 1 

b Abstract has an informative and balanced 
summary of study 

1 1 0 1 0 1 1 1 

2 Explain the scientific background and rationale for 
the investigation being reported. 

1 1 1 1 1 1 1 1 

3 State specific objectives, including any 
prespecified 

Hypotheses 

1 1 0 1 0 1 1 1 

4 Present key elements of study design early in the 
paper 

1 1 1 1 1 1 1 1 

5 Describe the setting, locations, and relevant dates, 
including periods of recruitment, exposure, follow-
up, and data collection 

1 0 1 1 1 1 0 1 

6a Gives the eligibility criteria and the sources and 
methods of selection of participants; describes 
methods of follow-up 

1 1 1 1 1 1 1 1 

b For matched studies, gives matching criteria and 
number of exposed and unexposed 

NA NA NA NA NA NA NA NA 

7 Clearly define all outcomes, exposures, predictors, 
potential confounders, and effect modifiers; gives 
diagnostic criteria, if applicable 

0 0 0 0 0 1 0 1 

8 For each variable of interest, give data sources and 
details of methods of assessment 

1 1 1 1 1 1 1 1 

9 Describe any efforts to address potential sources 
of bias 

0 0 0 1 0 1 0 1 

10 Explain how the study size was arrived at 0 0 1 0 1 1 0 1 

11 Explain how quantitative variables were handled 
in the analyses; if applicable, describes which 
groupings were chosen and why 

1 1 1 1 1 1 1 1 



Systematic review and meta-analysis of intra uterine adhesions after miscarriage | 49

43 
 

Supplementary data 
Table SI. STROBE Statement- checklist. Itemized reporting criteria of items that should be included in reports of observational studies. 

Description of items a 

 
Congende
z 
(2011) 

Wang 
(2011) 

Kuzel     
(2010) 

Salzani 
(2007) 

Yasar 
(2004) 

Tam  
(2002) 

Römer   
(1996) 

Römer   
(1994) 

Friedler 
(1993) 

Golan     
(1992) 

1a Study design is clear in title or abstract 1 1 1 1 1 1 1 1 1 1 
b Abstract has an informative and balanced 
summary of study 

1 1 1 1 1 1 1 1 1 1 

2 Explain the scientific background and 
rationale for the 
investigation being reported. 

1 1 1 1 1 1 1 1 1 1 

3 State specific objectives, including any 
prespecified 
Hypotheses 

1 1 1 1 1 1 1 1 1 1 

4 Present key elements of study design 
early in the paper 

1 1 1 1 1 1 1 1 1 1 

5 Describe the setting, locations, and 
relevant dates, including 
periods of recruitment, exposure, follow-up, 
and data collection 

0 0 0 0 1 1 0 0 0 0 

6a Gives the eligibility criteria and the 
sources and methods of 
selection of participants; describes methods 
of follow-up 

0 0 0 0 1 1 0 0 0 0 

b For matched studies, gives matching 
criteria and number of 
exposed and unexposed 

NA NA NA NA NA NA NA NA NA NA 

7 Clearly define all outcomes, exposures, 
predictors, potential 
confounders, and effect modifiers; gives 
diagnostic criteria, if 
applicable 

0 0 0 0 0 0 0 0 1 0 

8 For each variable of interest, give data 
sources and details of 
methods of assessment 

1 1 1 1 1 1 1 1 1 1 

9 Describe any efforts to address potential 
sources of bias 

0 0 0 0 0 0 0 0 0 0 

10 Explain how the study size was arrived at 0 0 0 1 0 1 1 0 0 0 
11 Explain how quantitative variables were 
handled in the 
analyses; if applicable, describes which 
groupings were 
chosen and why 

1 1 1 1 1 1 1 1 1 1 

12a Describe all statistical methods 1 0 0 1 1 1 1 0 0 0 
b Describe any methods used to examine 
subgroups and 
interactions 

1 0 0 0 1 1 0 0 0 0 

c Explain how missing data were addressed 0 0 0 0 1 1 0 0 0 0 

d Explain how loss to follow-up was 
addressed 

0 0 0 0 1 1 0 0 0 0 

e Describe any sensitivity analyses NA NA NA NA NA NA NA NA NA NA 

13a Report numbers of individuals at each 
stage of study 

0 0 0 0 1 1 0 0 0 0 

b Give reasons for non-participation at each 
stage 

0 0 0 0 1 1 0 0 0 0 

c Consider use of a flow diagram 0 0 0 0 0 0 0 0 0 0 

14a Give characteristics of study 
participants and information on 
exposures and potential confounders 

1 1 1 1 1 1 1 1 1 1 

b Indicate number of participants with 
missing data for each 
variable of interest 

0 0 0 0 1 1 0 0 0 0 

c Summarize follow-up time 0 0 1 1 1 1 1 1 1 1 

15. Report numbers of outcome events or 
summary measures 
over time 

1 1 1 1 1 1 1 1 1 1 

16a Give unadjusted estimates and, if 
applicable, confounder- 
adjusted estimates and their precision 

1 1 1 1 1 1 1 1 1 1 

b Report category boundaries when 
continuous variables were 
categorized 

0 0 0 0 0 0 0 0 0 0 

44 
 

c If relevant, consider translating estimates 
of relative risk into 
absolute risk for a meaningful time period 

NA NA NA NA NA NA NA NA NA NA 

17 Report other analyses done 1 1 1 1 1 1 1 1 1 1 
18 Summarize key results with reference to 
study objectives 

1 1 1 1 1 1 1 1 1 1 

19 Discuss limitations of the study, taking 
into account sources of 
potential bias or imprecision. 

0 0 0 0 0 0 0 0 0 0 

20. Give a cautious overall interpretation of 
results 

1 1 1 1 1 1 1 1 1 1 

21.Discuss the generalizability of the study 
results 

1 1 1 1 1 1 1 1 1 1 

22. Give funding sources 0 0 1 0 0 0 0 0 0 0 
Summary 

16/34 14/34 16/34 17/34 24/34 25/34 17/34 15/34 16/34 15/34 
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology. 
a Each item is classified as adequate “1”, inadequate “0” or not applicable “NA” in the evaluation of a paper. 
 

Table SII. STROBE Statement- checklist. Itemized reporting criteria of items that should be included in reports of observational studies. 

Description of items a 

 

Ben-Baruch 

(1991) 

Kaplan 

(1996) 

Blohm   
(1997) 

Adelusi 

(1998) 

Graziosi 

(2005) 

Tam  
(2005) 

Fontanarosa  
(2007) 

Smith 
(2009) 

1a Study design is clear in title or abstract 1 1 1 1 1 1 1 1 

b Abstract has an informative and balanced 
summary of study 

1 1 0 1 0 1 1 1 

2 Explain the scientific background and rationale for 
the investigation being reported. 

1 1 1 1 1 1 1 1 

3 State specific objectives, including any 
prespecified 

Hypotheses 

1 1 0 1 0 1 1 1 

4 Present key elements of study design early in the 
paper 

1 1 1 1 1 1 1 1 

5 Describe the setting, locations, and relevant dates, 
including periods of recruitment, exposure, follow-
up, and data collection 

1 0 1 1 1 1 0 1 

6a Gives the eligibility criteria and the sources and 
methods of selection of participants; describes 
methods of follow-up 

1 1 1 1 1 1 1 1 

b For matched studies, gives matching criteria and 
number of exposed and unexposed 

NA NA NA NA NA NA NA NA 

7 Clearly define all outcomes, exposures, predictors, 
potential confounders, and effect modifiers; gives 
diagnostic criteria, if applicable 

0 0 0 0 0 1 0 1 

8 For each variable of interest, give data sources and 
details of methods of assessment 

1 1 1 1 1 1 1 1 

9 Describe any efforts to address potential sources 
of bias 

0 0 0 1 0 1 0 1 

10 Explain how the study size was arrived at 0 0 1 0 1 1 0 1 

11 Explain how quantitative variables were handled 
in the analyses; if applicable, describes which 
groupings were chosen and why 

1 1 1 1 1 1 1 1 



50 | Chapter 2

45 
 

12a Describe all statistical methods 1 0 0 1 1 1 0 1 

b Describe any methods used to examine sub     
groups and interactions 

1 0 0 1 1 1 0 1 

c Explain how missing data were addressed 0 0 0 0 0 1 0 1 

d Explain how loss to follow-up was addressed 0 0 0 0 0 0 0 1 

e Describe any sensitivity analyses NA NA NA NA NA NA NA NA 

13a Report numbers of individuals at each stage of 
study 

0 0 1 0 1 1 0 1 

b Give reasons for non-participation at each stage 0 0 1 0 1 1 0 0 

c Consider use of a flow diagram 0 0 0 0 0 1 0 1 

14a Give characteristics of study participants and 
information on exposures and potential 
confounders 

0 0 0 1 0 1 0 1 

b Indicate number of participants with missing data 
for each variable of interest 

0 0 0 0 0 0 0 1 

c Summarize follow-up time 1 0 1 1 1 1 0 1 

15. Report numbers of outcome events or summary 
measures over time 

1 1 1 1 1 1 0 1 

16a Give unadjusted estimates and, if applicable, 
confounder-adjusted estimates and their precision 

0 0 0 1 0 1 0 1 

b Report category boundaries when continuous 
variables were categorized 

0 0 0 0 0 0 0 0 

c If relevant, consider translating estimates of 
relative risk into 

absolute risk for a meaningful time period 

NA NA NA NA NA NA NA NA 

17 Report other analyses done 0 0 0 1 0 1 0 1 

18 Summarize key results with reference to study 
objectives 

1 1 0 1 0 1 1 1 

19 Discuss limitations of the study, taking into 
account sources of potential bias or imprecision. 

0 1 0 1 0 1 0 1 

20. Give a cautious overall interpretation of results 1 1 0 1 0 1 1 1 

21.Discuss the generalizability of the study results 1 1 0 1 1 1 1 1 

22. Give funding sources 0 0 0 0 0 0 0 1 

Summary 16/34 13/34 12/34 21/34 15/34 27/34 11/34 29/34 

STROBE: Strengthening the Reporting of Observational Studies in Epidemiology. 
a Each item is classified as adequate “1”, inadequate “0” or not applicable “NA” in the evaluation of a paper. 

  


