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			Abstract

			Background: A healthy receptive endometrium is essential for embryo implantation. Recently, the relationship between chronic endometritis (CE) and infertility-related conditions such as previous implantation failure has emerged as an area of inquiry. 

			Objective: To evaluate the prevalence of CE in women with previous IVF/ICSI failure using hysteroscopy and CD138 immunohistochemistry and to determine whether subsequent antibiotic treatment positively impacts outcome in these cases.

			Design: prospective cohort study.

			Setting: El-Shat by Maternity University Hospital.

			Materials and methods: 145 women with history of previous IVF/ICSI failure underwent hysteroscopy and endometrial sampling for CD138 immunohistochemistry detection. Patients were placed in two groups based on presence or absence of CE (group 1 and 2 respectively). Patients in group 1 underwent treatment with oral antibiotics for at least 3 weeks until repeat follicular phase biopsy showed no CE. Primary outcome was sensitivity, specificity and accuracy of hysteroscopy in relation to immunohistochemistry, (as a gold standard) in diagnosis of CE. Secondary outcomes were implantation and pregnancy rates in the post-treatment ICSI attempt.

			Result: Prevalence of CE was 23.4% (34/145) using hysteroscopy and 19.3% (28/145) using immunohistochemistry (golden standard) showing 78.6%, 89.7%, and 87.5% sensitivity, specificity and accuracy respectively. Implantation rate in subsequent cycles was significantly higher in group A vs. B (35.16% vs 16.43%, p=0.001*). Group A also showed higher pregnancy rate-yet not reaching statistical significance-compared to group B (57.14% vs 34.18%, p=0.076).

			Conclusion: In women with previous IVF/ICSI failure, hysteroscopy is a reliable method for diagnosing CE. The successful treatment of CE significantly improves implantation and pregnancy rates in subsequent attempts. Confirmation of cure is essential before new trials.
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			Introduction 

			To date, millions of couples have overcome fertility problems using IVF cycles. Although it continues to provide hope for lots of infertile couples, yet failure-and more essentially repeated failure-of this expensive treatment modality is very frustrating for both the infertile couple and the treating doctor. Failure of implantation can be caused by factors related to the embryo itself or to the endometrial receptivity. The latter can be altered by multiple lesions such as adhesions, thin endometrium, submucous myomas, septa, and polypi [1,2]. There is no consensus on the repeated implantation failure (RIF) definition, however, failure to achieve pregnancy after two or more embryo transfers or after transfer of 10 or more embryos with good quality is- for the lack of a more accurate one-accepted as a definition [3]. Contrary to those causes that can easily be diagnosed by ultrasound examination, chronic endometritis (CE) is a special cause that can lead to repeated implantation failure through decreasing the endometrial receptivity and is trickier to diagnose [4]. Chronic endometritis is found in 0.2-46% of infertile women [4,5]. Studies showed that its prevalence is between 14-60% in cases with RIF [6-9]. And while [7] demonstrated that the implantation rate is lower in the CE patients in the IVF cycle following treatment compared to IVF cycles in women who are CE negative [7,8]. Cicinelli et al. [9] showed that adequate antibiotic treatment in RIF patients with CE significantly improved the pregnancy rate in comparison to those patients with persistent CE [9]. These high numbers and reports cannot be ignored when dealing with ART patients in general and more so when dealing with problems that still have no definite protocols for management as RIF patients.

			The problem with CE is that it is mostly an asymptomatic condition and when it is symptomatic, the symptoms are very non-specific like pelvic pain, abnormal bleeding, or excessive discharge, thus it can neither be diagnosed clinically nor with ultrasound examination, hence it can easily be missed [10]. During hysteroscopy, finding of stromal edema, micro-polypi, and hyperemia whether diffuse or focal raise suspicion of CE [11,12]. Endometrial biopsy remains the definitive diagnostic tool for CE. Among the different leukocytes that infiltrate the endometrium in cases of chronic endometritis, the diagnosis depends on finding plasma cells in the endometrial stoma [4]. Unfortunately, the histopathological diagnosis of CE is tedious and with low accuracy. The results can be affected by the phase of the menstrual cycle, infiltration with other inflammatory cells that are difficult to distinguish from plasma cells, or by proliferation of the stroma [13,14].

			Transmembrane heparin sulfate proteoglycan syndecan-1 (CD138) is a plasma cell-specific marker that can be detected by immunohistochemistry and used to improve the detection rate of CE [15,16]. The objective of the present study was to evaluate the prevalence of chronic endometritis in women with previous IVF/ICSI failure using different diagnostic modalities and to determine the effect of treatment on the success rates of the subsequent trials.

			Material and Methods

			145 women with previous IVF/ICSI failure who were planning for another trial were recruited in this study. The study was approved by the ethics committee of the Faculty of Medicine, university of Alexandria. All couples included in the study signed an informed consent before inclusion in the study. 

			Inclusion criteria

			
					Age below 40 years

					Absence of uterine cavity abnormality by previous HSG or ultrasonography. Hysteroscopy and biopsy
All patients underwent hysteroscopy for detection of any signs of chronic endometritis; initial evaluation of the cavity was performed using panoramic view followed by meticulous search for signs such as micro-polypi, edema or hyperemia, and accordingly patients were classified to patients with and without signs of CE on hysteroscopy. Afterwards, an endometrial sample was obtained for CD138 immunohistochemistry. 
Immunohistochemistry (IHC)
Immediately after collection, the endometrial sample was fixed in 10% neutral formaldehyde then sent to the pathology lab, there, biopsies were immersed in paraffin then serial micro-sections were cut. Slides were dewaxed in preparation for immunohistochemistry staining with plasma cell specific CD138 monoclonal antibodies. Cases were considered CE positive if five or more plasma cells were observed per high power field (x400 magnification). According to the CD138 immunohistochemistry results, patients were divided into 2 groups: Group 1 patients with CE diagnosed by positive CD138 testing, and group 2 where CD138 was negative and thus were diagnosed as negative for chronic endometritis.
Patients in group 1 (CE positive) received oral treatment in the form of doxycycline 100mg twice daily for 21 days. Afterwards a repeat endometrial sample was obtained using a pipelle (Rocket Endometrial Sampling Syringe, Rocket Medical) for testing and cases still positive for CD138 received a 14-day oral course of ciprofloxacin 500 mg twice per day in combination with metronidazole 500 mg twice per day [17,18].
ICSI cycles
All cases underwent ICSI cycles using either the long agonist protocol or the antagonist protocol according to the decision made by their treating doctor based on their age, ovarian reserve tests and previous oocyte yield. 
All cases underwent standard ICSI procedure and embryo transfer was performed either on day 3 or day 5 according to the number and quality of the embryos.
Both groups were compared as regards the accuracy of the hysteroscopic findings of chronic endometritis in comparison to the IHC finding of CD138 (as a gold standard for diagnosis of CE). Both groups were also compared as regards the implantation rate and the clinical pregnancy rate as secondary outcomes where the clinical pregnancy was defined as demonstration of an intrauterine gestational sac with a positive heartbeat 4 weeks after embryo transfer.
Results
As shown in Table 1, the prevalence of chronic endometritis was 23.4% by hysteroscopy while it was only 19.31% using CD138 immunohistochemistry staining. Of the 28 CD138 positive cases, only 22 showed positive hysteroscopic signs. On the other hand, 12 cases that showed positive hysteroscopic signs of CE were CD138 negative. Sensitivity of hysteroscopy in diagnosing CE was 78.6%, specificity was 89.7%, accuracy was 87.5%, and negative predictive value was 94.6%. As shown in Figure 1, out of the 145 women included in this study 5 did not undergo embryo transfer; 2 due to fear of ovarian hyperstimulation syndrome (OHSS), 2 due to poor endometrium (all 4 cases had all their embryos vitrified) and one case had cancelled embryo transfer due to very poor embryo quality. The implantation rate was significantly higher in group 1 cases (treated CD138 positive cases) than in group 2 cases (CD138 negative cases) (35.16% vs 16.43%, p=0.001*). As regards the pregnancy rate, there was a marked trend towards a higher pregnancy rate in group 1 than in group 2 {57.14% (16/28) vs 34.18% (40/117)}. This trend, however, did not reach statistical significance (p=0.076) (Table 2).
Table 1: Sensitivity, specificity and accuracy of hysteroscopy in relation to CD138 (as a gold standard) in diagnosis of CE.
		CD138
	Total

	-ve
	+ve

	117 (80.6%)
	28 (19.31%)

	signs of CE at hysteroscopy
	-ve
	105
	6
	111 (76.6%)

	(True negative)
	(False negative)

	+ve
	12
	22
	34 (23.4%)

	(False positive)
	(True positive)

	Total
	117
	28
	145

	Gold standard
	Gold standard

	Sensitivity of hysteroscopy
	78.60%
		
	Specificity of hysteroscopy
	89.70%

	Accuracy of hysteroscopy
	87.50%

	Negative predictive value
	94.60%


Table 2: Distribution of the studied cases according to immunohistochemistry and correlation with implantation rate and pregnancy outcome.
		Group 1
	Group 2
	Total
	
	CD 138 Positive
	CD 138 Negative

	Implantation rate
	35.16%
	16.43%
		0.001*

	Pregnant
	16
	40
	56
	X2=5.17

	57.14%
	34.18%
	38.62%
	Df=2,

				P=0.076

	Not
	11
	73
	84
	
	39.28%
	62.39%
	57.93%

	Cancelled

	1
	4
	5
	
	3.57%
	3.41%

	Total
	28
	117
	145
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	Figure 1: Distribution of the studied group according to pregnancy rate.


Discussion 
Successful implantation in IVF requires the co-existence of multiple factors namely a normal uterine cavity, a proper immune system, a receptive endometrium, and a reasonably good quality embryo [19,20]. One of the causes that might affect the endometrial receptivity and hence lead to implantation failure is chronic endometritis which is defined as “chronic inflammation of the endometrium [21]. The main problem with CE is the difficulty of its diagnosis [4]. In addition to the lack of specific symptoms, the hysteroscopic diagnosis depends on the clinician’s experience and the gold standard for diagnosis rests on the identification of plasma cells in the endometrial stroma [11,12]. Unfortunately, even histologic identification of plasma cells with HE staining is not without limitations: besides the technical problems of inadequate staining and bad endometrial sample preservation, proliferation of the stromal cells as well as excessive mitosis may mask the plasma cells and lead to false negative diagnosis, on the other hand, false positive diagnosis is reported since infiltrates with mononuclear cells or plasmacytoid stromal cells may mimic plasma cells [15,22]. Syndecan-1 (CD138) is a plasma cell specific marker that can be detected using immunohistochemistry staining with monoclonal antibodies. The use of CD138 IHC staining improved the sensitivity and specificity of plasma cell detection in comparison to HE and HPS staining [23,24]. Furthermore, it minimized the variability between observers and shortened the lab time for reaching a decision [15,25,26]. The present study found nearly similar prevalence of CE in women with previous IVF/ICSI failure using hysteroscopy and IHC staining (23.4% and 21.4%). 12 of the cases that showed signs of CE on hysteroscopy were CD138 negative while only 6 of the CD138 positive cases showed no signs of CE in hysteroscopy. A possible explanation for the lower prevalence of CE on IHC staining was provided by Yang et al stating that sampling with a pipelle does not adequately represent the whole endometrium [27]. A hysteroscopic guided biopsy using grasping forceps from focal areas of suspicion might improve the diagnostic accuracy of IHC staining. The present study found the sensitivity of hysteroscopy in diagnosis of CE to be 78.6%, its specificity 89.7% the diagnostic accuracy was 87.5%, and the negative predictive value was 94.6%. 
As mentioned before, multiple authors have found the prevalence of CE in RIF patients to range from 14-60% [6-9]. This can be explained by the fact that there is no universal consensus on the criteria for diagnosing CE and different authors used different cut off numbers of plasma cells to confirm the diagnosis. Furthermore, Adegboyega et al. [14] suggested that any variations in the rate of diagnosis of CE between histology and hysteroscopy might be due to the limitations of the former method. Bouet et al. [6] reported nearly identical prevalence in women with poor reproductive outcome (RIF and repeated pregnancy loss RPL), they reported positive CE signs in hysteroscopy in 24% of cases, while histologically confirmed CE was found in 21.3% of cases (14% in RIF and 27% in RPL). Similarly, in the study by Zargar et al. [28]. The prevalence of CE in RIF patients was 23.4% by IHC and 21.3% by hysteroscopy [28]. Bouet et al. [6] found the sensitivity of hysteroscopy to be only 40% while the specificity was 80%.
Similar to our results in multiple studies [9,11,12] reported a diagnostic accuracy of 93.45%, [28] demonstrated sensitivity, specificity, and negative predictive value of 86.2%, 87.3% and 94.8% respectively, and Polisseni et al. [29] showed 93.2% specificity with a high negative predictive value. In Contrast, Yang et al. [27] found lower sensitivity and specificity of hysteroscopy (35.25 and 67.5 %) respectively [27] and Song et al. [30] reported that the diagnostic accuracy of hysteroscopy was only 67% and they concluded that hysteroscopy should not replace histologic examination [30]. In this study, the implantation rate and the clinical pregnancy rates were higher in women with treated CE than in women with negative CE (35.16% vs 16.43% and 57.14% vs 34.18% respectively). This denotes that CE has a negative impact on the success of IVF/ICSI and its treatment dramatically improves the outcome, while cases negative for CE had probably other undiagnosed causes for their previous failure, hence the outcomes of the following trials were not markedly affected. Likewise, Kitaya et al. [17] demonstrated a live birth rate of 32.8% in the first cycle in cured RIF/CE cases which was significantly higher than the 22.1% reached in the RIF/CE negative cases [31].
Multiple other clinical studies showed that treatment of CE could produce dramatic improvements in future outcomes [9,18,27]. In their systematic review and meta-analysis, [32] demonstrated that the implantation rate (IR), the clinical pregnancy rate (CPR), the ongoing pregnancy rate (OPR) and the live birth rate (LBR) did not show any significant difference between women with CE receiving antibiotics (without Histologic confirmation of cure) from untreated controls. All the outcomes were higher in women with confirmed cure [32]. Similarly, in the review by Kimura et al. [33] the IR, CPR and OPR significantly improved after cure of CE [33]. Furthermore, [9] in a retrospective study on women with RPL- found a higher LBR in women with normalized hysteroscopic findings after treatment than in women with persistent signs regardless of the findings of microbial culture [34]. In contrast to these findings, Kasius et al. [4] found no significant difference in the CPR and LBR between CE positive and CE negative patients [4]. Johnston et al. [7] observed a low implantation rate in successfully treated CE positive cases. They suggested that the initial inflammatory process might have altered the internal uterine environment resulting in a persistently low endometrial receptivity [7]. 
Conclusion
Chronic endometritis is an important cause for implantation failure. Hysteroscopy is a reliable method for diagnosis of chronic endometritis with an especially high specificity, diagnostic accuracy, and negative predictive value. Treatment of CE using oral antibiotics significantly improves the outcome of the following ICSI cycles. In case of persistent CE after initial treatment course, second line antibiotics should be administered, and confirmation of cure is essential before embarking on subsequent ICSI cycles.
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