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1  |  INTRODUC TION

Cesarean section can lead to the formation of a cesarean scar de-
fect (CSD) in the lower part of the uterus; these complications are 
also known as isthmocele, cesarean scar dehiscence, diverticulum, 
pouch formation, or niche.1– 5 CSD causes various symptoms, such 
as abnormal uterine bleeding, dysmenorrhea, chronic pelvic pain, 

and secondary infertility. The prevalence of these symptoms follow-
ing cesarean section ranges from 19.4% to 88%.6 Morris advocated 
these clinical symptoms as cesarean scar syndrome (CSS).7 We also 
have previously reported various symptoms, including fluid reten-
tion (typical of CSD), on ultrasonography in women with CSS.8

Morris et al. explored the pathological changes of the area 
around the CSD using a paraffin block obtained from a series of 51 
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Abstract
Purpose: To explore the histopathological findings of cesarean scar defect (CSD) and 
the immunological component in women with cesarean scar syndrome (CSS).
Methods: This retrospective study was conducted in a university hospital and a public 
hospital.	A	total	of	63	patients	with	secondary	infertility	due	to	CSS	who	underwent	
laparoscopic resection of the CSD lesion were enrolled (CSS group), and 21 patients 
who underwent hysterectomy with a history of cesarean section were enrolled as 
control (non- CSS group). We compared the differences in histopathological findings 
of CSD lesions by hematoxylin and eosin staining and immunohistochemistry for CD3, 
CD20, CD56, CD68, CD138, myeloperoxidase, and tryptase between the two groups.
Results: The frequency of presence of endometrium on the CSD surface was signifi-
cantly lower (p = 0.0023) and that of adenomyosis was significantly higher (p = 0.0195) 
in the CSS group than in the non- CSS group. The number of CD3- , CD20- , CD68- , and 
tryptase- positive cells was significantly lower in the CSS group than in the non- CSS 
group; however, the number of CD138- positive cells was significantly higher in the 
CSS group (p = 0.0042).
Conclusions: This study suggested that the absence of endometrium, presence of ad-
enomyosis, and chronic inflammation in CSD contributes to secondary infertility due 
to CSS.
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hysterectomy specimens.9 These changes comprised an “overhang” 
of congested endometrium above the scar recess (61%), moderate 
to marked lymphocytic infiltration (65%), capillary dilatation (65%), 
free red blood cells in the endometrial stroma of the scar (59%), and 
iatrogenic adenomyosis confined to the scar (28%). However, these 
findings were not observed in patients with infertility.

Donnez et al. reported pathological findings in women with CSS, 
including those with secondary infertility.2 They demonstrated that 
fibrotic tissues and signs of endometriosis were detected in 78.9% 
and	21%	cases,	respectively.	Furthermore,	the	muscular	density	of	
the residual thin myometrium has been reported to be significantly 
lower than that of healthy myometrium in women who had previ-
ously undergone cesarean section.2

The uterine immune system, including various immune cell types, 
such as T- lymphocytes, B- lymphocytes, natural killer cells, macro-
phages, plasma cells, neutrophils, and mast cells, has been reported 
to demonstrate a valid association with infertility.10– 15 However, the 
immunological analysis of CSD with CSS, especially in patients with 
secondary infertility, has been insufficient. Therefore, we evaluated 
the immunopathological differences in CSD between patients with 
and without CSS.

2  |  MATERIAL S AND METHOD

2.1  |  Patients

This study was conducted retrospectively. The participants were di-
vided into two groups: those with secondary infertility due to CSS 
(CSS group) and those without any symptoms due to CSS (non- CSS 
group). Patients with secondary infertility due to CSS who under-
went laparoscopic resection of CSD lesions at the Toyama Central 
Prefectural	Hospital	from	August	2008	to	July	2019	were	enrolled.	
The non- CSS group included patients who underwent hysterectomy 
due to benign gynecological diseases, such as myoma uteri and ovar-
ian tumor, at the Shiga University of Medical Science. The exclusion 
criteria were cases without a regular menstrual cycle, with malig-
nancy, tumor around the lower uterine segment and uterine cavity, 
cervical disease, or suspected infection. The background details of 
all participants, such as age, gravidity, parity, and the number of ce-
sarean sections, were collected from medical records. This study was 
approved by the Ethical Committee of Shiga University of Medical 
Science (approval number R2018- 166). Considering the retrospec-
tive study design, an opt- out consent process was used to guarantee 
the opportunity for refusal to participate in this study.

2.2  |  Immunohistochemistry

All	paraffin-	embedded	blocks	were	sliced	 into	4-	µm- thick sections 
using a sliding microtome. The sections were mounted on slides after 
floating	on	a	42°C	water	bath.	After	deparaffinization,	the	antigens	
were	retrieved	in	an	antigen	retrieval	reagent	(Immunosaver,	Nissin	

EM, Tokyo, Japan) at 98°C for 30 min. Thereafter, they were im-
mersed in 3% hydrogen peroxide for 10 min to block endogenous 
peroxidase. The sections were covered with a blocking solution for 
20 min to suppress non- specific antibody binding, followed by expo-
sure to primary antibodies in a humidity chamber box overnight at 
4 °C. Regarding the primary antibodies, rabbit anti- tryptase was ob-
tained	from	Cell	Signaling	Technology	(mAb#19523)	and	diluted	at	
1:500;	mouse	anti-	CD3	(#413241),	anti-	CD20	(#422441),	anti-	CD68	
(#413791),	anti-	CD138	(#413881),	and	anti-	myeloperoxidase	(MPO)	
(#418261)	were	obtained	 from	Nichirei	Biosciences	 Inc.	 (Histofine	
Simple	Stain	MAX-	PO(M)	kit	series).	Monoclonal	mouse	anti-	CD56	
(#M7304)	 was	 obtained	 from	 DAKO	 and	 diluted	 at	 1:300.	 After	
washing with phosphate- buffered saline, these slides were incu-
bated with horseradish peroxidase- conjugated secondary antibody 
(MAX-	PO;	 Nichirei	 Biosciences	 Inc.,	 Tokyo,	 Japan)	 for	 30	 min	 at	
room temperature and developed with diaminobenzidine (VECTOR 
SK-	4100;	VECTASTAIN,	Vector	Laboratories,	CA,	USA).	The	slides	
were counterstained with Mayer's hematoxylin solution, followed by 
dehydration and mounting.

2.3  |  Histological evaluation

After	 hematoxylin	 and	 eosin	 staining	 using	 one	 of	 the	 4-	µm- thick 
continuous section series, we confirmed the region of CSD in all 
cases. Thereafter, we evaluated the presence of a continuous en-
dometrium from the uterine cavity on the CSD and ectopic endo-
metriosis (adenomyosis) in the myometrium under the CSD using 
hematoxylin and eosin- stained sections. Positive cells in the immu-
nohistochemical staining sections were counted in the area within 
2500 µm from the uterine cavity side of the CSD under high- power 
field	 (HPF),	 and	 the	 total	 number	 of	 positive	 cells	 in	 five	 random	
HPFs	 was	 recorded.	 Sections	 were	 evaluated	 using	 a	 microscope	
(OLYMPUS	 IX83,	 Tokyo	 Japan).	 First,	 a	 tile	 scan	 for	 the	 sections	
was obtained under a low- power field using software (cellSens di-
mension;	OLYMPUS,	Tokyo,	Japan)	and	detected	the	counting	area.	
The counting area included adenomyosis in the myometrium but ex-
cluded the endometrium because there was little endometrium on 
the surface of the myometrium in the CSS group.

2.4  |  Statistical analysis

All	 data	 were	 analyzed	 using	 GraphPad	 Prism	 ver.7	 (GraphPad	
Software,	 Inc.,	San	Diego,	CA,	USA).	The	D’Agostino-	Pearson	 test	
was	used	to	evaluate	data	distribution.	Normally	distributed	data	are	
presented as mean ±	standard	deviation.	Non-	normally	distributed	
data are presented as median (interquartile range). Comparisons be-
tween the CSS and the control groups were performed using an un-
paired two- tailed t- test or the Mann- Whitney U test for parametric 
and non- parametric data, respectively. Categorical data were com-
pared	using	Fisher's	exact	test.	Differences	with	a	p- value of < 0.05 
in all cases were considered statistically significant.
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3  |  RESULTS

Eighty- four participants were enrolled in this study, including 63 and 
21 patients with and without CSS, respectively; we compared the 
microscopic findings of the two groups. The background details of 
patients in each group are presented in Table 1. There were signifi-
cant differences in age, gravidity, parity, and the number of cesarean 
sections between the groups.

The frequency of presence of endometrium on the CSD surface 
was significantly lower in the CSS group than in the non- CSS group 
(p =	 0.0023)	 (Table	 2,	 Figure	 1).	Moreover,	 significant	 differences	
were noted in terms of the presence of adenomyosis between the 
groups (p =	0.0195)	(Table	2,	Figure	1).

In the CSS group, the total number of CD3- , CD20- , CD56- , 
CD68- , CD138- , MPO- , and tryptase- positive cells in five ran-
dom	HPFs	was	8.8	± 2.0, 2.0 ± 0.7, 0.3 ± 0.1, 2.1 ± 0.5, 2.0 ± 0.5, 
6.9 ± 1.1, and 2.9 ± 0.5 (mean ± standard error), respectively. In 
contrast, in the non- CSS group, the total number was 27.3 ± 3.5, 
4.5 ± 1.5, 0.3 ± 0.1, 4.7 ± 0.9, 0.2 ± 0.1, 3.7 ± 1.0, and 7.6 ± 1.2 
(mean ±	standard	error),	respectively	(Figure	2,	Figure	S1).	According	
to the statistical analysis, the total number of CD3- , CD20- , CD68- , 
and tryptase- positive cells was significantly lower in the CSS group 
than in the non- CSS group (p < 0.0001, p = 0.0015, p = 0.0006, 
p < 0.0001, respectively). However, the number of CD138- positive 
cells was significantly higher in the CSS group (p = 0.0042).

4  |  DISCUSSION

To the best of our knowledge, this study is the first to report the im-
munopathology of CSD in women with CSS, particularly regarding 
infertility. This microscopic analysis of CSD in women revealed the 
lack of endometrium and the presence of adenomyosis in women 
with	CSS.	Furthermore,	the	expression	of	acute	inflammatory	mark-
ers under CSD was lower in the CSS group than in the non- CSS 
group. However, the expression of chronic inflammatory marker was 
higher in the CSS group. These immunological imbalances suggested 
that CSS had a character of chronic inflammation rather than acute 
inflammation.

As	 Morris	 already	 reported	 the	 presence	 of	 infiltrating	 lym-
phocytes in the CSD area, we also anticipated high inflammation 
in the CSD area.9 However, there was little inflammatory cell infil-
tration in women with CSS, and the findings were similar to those 
of fibrosis, as reported by Donnez.2	Although	 acute	 inflammatory	
markers were not detected in the CSD area, chronic inflammatory 
markers, such as CD138, were observed in the CSD area. CD138 is 
the marker of plasma cells and is used for the diagnosis of chronic 
endometritis (CE).15	 CE	 is	 distinct	 from	 acute	 endometritis	 (AE)	

TA B L E  1 Background	details	of	the	patients	in	this	study

CSS group
non- CSS 
group p- value

Number 63 21

Age	(years) 35.9 ± 3.3 43.6 ± 3.3 <0.05

Gravidity, median (IQR) 1 (1– 2) 2 (2– 3) <0.05

Parity, median (IQR) 1 (1– 1) 2 (1– 2.5) <0.05

The number of C/S,
Median (IQR)

1 (1– 1) 2 (1– 2) <0.05

Abbreviations:	CSS,	cesarean	scar	syndrome;	C/S,	cesarean	section;	
IQR, interquartile range.

TA B L E  2 Comparison	of	the	presence	of	endometrium	on	the	
CSD surface and adenomyosis in CSD

CSS group
non- CSS 
group p- value

Number 63 21

Presence of endometrium 14 (22.2%) 13 (61.9%) 0.0023

Presence of adenomyosis 27 (42.9%) 3 (14.3%) 0.0195

Note: Fisher's	exact	test	was	conducted.
Abbreviations:	CSD,	cesarean	scar	defect;	CSS,	cesarean	scar	
syndrome.

F I G U R E  1 Hematoxylin	and	eosin	staining	for	CSD	in	the	
CSS	and	non-	CSS	groups.	(A)	Microscopic	findings	in	the	CSS	
group. There is no endometrium on the CSD surface; however, 
adenomyosis is observed under the CSD (scale bar: 1000 µm). The 
enlarged image of the squared part is shown in the lower left corner 
(scale bar: 200 µm). (B) The endometrium covered the CSD surface 
in the non- CSS group. Macroscopic findings are shown in the upper 
right corner (scale bar: 1000 µm). CSD, cesarean scar defect; CSS, 
cesarean scar syndrome

(A)

(B)
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owing to infection caused by conditions, such as pelvic inflamma-
tory disease.15	Although	AE	 is	 diagnosed	when	a	 large	number	of	
neutrophils are detected in the endometrial stroma, CE is diagnosed 
when CD138- positive cells are observed in the endometrial stroma. 
In cases of CE, proinflammatory cytokines, such as interleukin- 6, 
interleukin- 1β, and tumor necrosis factor α, are increased in men-
strual effluents.16 These proinflammatory cytokines are considered 
one of the causes of infertility. CE has been reported to affect the 
pregnancy and live birth rates.17 Since CD138- positive cells were 
frequently observed in adenomyosis in this study, proinflammatory 
cytokines may have been generated from the CSD area. The exuda-
tion of these cytokines may lead to an accumulation of fluid in the 
lower uterine segment, impeding pregnancy.

The absence of the endometrium on the CSD surface is con-
sistent with hysteroscopic findings for CSD. Similar to our previ-
ous report, hysteroscopic findings demonstrated dendric vessels 
on the CSD surface and the absence of the endometrium.18– 20 In 
contrast, the endometrium could be observed on the CSD surface 
in the non- CSS group. This difference may contribute to infertility 
in the CSS group; however, the reason for the absence of the endo-
metrium on the CSD surface remains unclear. Impaired blood flow 
to the myometrium caused by the suture because of the cesarean 
section may lead to poor generation of the endometrium on the 
cesarean scar.

Adenomyosis	under	CSD	was	observed	in	both	the	CSS	and	the	
non- CSS groups; however, the frequency of the presence of adeno-
myosis was higher in the CSS group. The actual frequency of adeno-
myosis may be higher than that reported in our present study as well 
as previous studies because these examinations were not based on 
all	continuous	sections	of	the	paraffin	blocks.	Adenomyosis	may	be	
related	to	dysmenorrhea	in	women	with	CSS.	Although	the	causes	of	
the absence of endometrium and the presence of adenomyosis are 
unknown, we considered that suturing at the cesarean section may 
be	a	related	factor.	Accidental	inclusion	of	the	endometrium	into	the	
myometrium at the cesarean section may be relevant to the devel-
opment of adenomyosis.

There	are	several	 limitations	to	this	study.	First,	the	method	of	
suturing at the cesarean sections was unknown. Therefore, it re-
mains unclear whether the CSD generated by the cesarean section 
will lead to the development of CSS. We believe that the key point 
is the method of suturing the myometrium during the cesarean sec-
tion.	The	second	limitation	was	the	settings	of	the	control	group.	An	
ideal control is a patient who is relatively young, healthy, and fertile; 
has a history of cesarean section; and has undergone hysterectomy. 
However, hysterectomy has an ethical issue. Therefore, the patient 
with hysterectomy due to a benign disorder with a history of cesar-
ean section was considered as the control in this study. There were 

unavoidable differences in the backgrounds of the patients between 
the infertile and the hysterectomy groups.

In conclusion, this study suggested that the absence of endome-
trium and the presence of adenomyosis and chronic inflammation 
in	CSD	may	 be	 contributing	 factors	 for	 infertility.	 Further	 studies	
are needed regarding the differences between women who develop 
CSS after cesarean section and those who do not.
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groups. CSD, cesarean scar defect; CSS, cesarean scar syndrome
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