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In condensation: Hysteroscopic sterilization had a similar ratainintended pregnancies in comparison

with laparoscopic sterilization but higher rate@foperation, failed re-operation and reduced félétgi



Abstract

Background: In contrast to conventional laparoscopic stetiiczg newer hysteroscopic approaches
avoid the need for hospital admission, generalthre® and prolonged recovery. However, there are
concerns that the feasibility, safety and efficathysteroscopic sterilization may be lower than

established laparoscopic sterilization.

Objectives: To evaluate the outcomes of hysteroscopic stelitimacompared with laparoscopic

sterilization in routine clinical practice in a cparative observational cohort study.

Study design: Study was carried out ainiversity of Birmingham, UK NHS Teaching Hospit@lffice
hysteroscopy clinics and day-case hospital. 1985 women underwent hysteroscopic sterilizatiah an
2412 women had laparoscopic sterilizatidsteroscopic sterilization was carried out usimgtubal
implant permanent Birth Control System in the afsetting and laparoscopic sterilization using the
Tubal Ligation Systefi' as a day-case under general anesthesia. Outcdaneel@ collected regarding
feasibility (technical completion of the sterilizat procedure; satisfactory radiological confirratat
three months — hysterosalpingogram or transvagiel&ic ultrasound scan), safety events within 3@sda

of procedures; re-operations and unintended preggswithin one year of procedures.

Results. Hysteroscopic sterilization was successful in @085 (91.4 %, 95% CI 89.6% to 93.0%) at the
first attempt. In comparision bilateral tubal ligat was successfully performed in 2400/2412 (99%%
95% ClI 99.2% to 99.8%) of patients who underwepatascopic sterilizations (odds ratio 18.8, 95% CI
10.2 to 34.4). 902/1085 (83.1%, 95% CI 80.8% t@%4.of successfully performed hysteroscopic
procedures who attended for radiological confiroratiesting were considered satisfactory. The rhate o
adverse events within 30 days were similar 2/1088%) vs. 3 (0.12%, 95% CI 0.04% to 0. 36%).There
were 3/1085 (0.3 %, 95% CI 0.1% to 0.8%) unintengleginancies after hysteroscopic sterilization
compared with 5/2412 (0.2 %, 95% CI 0.1% to 0.54pploscopic sterilization (odds ratio 1.3, 95% CI

0.3 to 5.6). Median length of follow up for pregegiroutcome was 5 years. Hysteroscopic sterilization



was associated with a higher risk of re-operatioona year compared to laparoscopic sterilizatomiug
ratio 6.2; 95% CI 2.8 to 14.0) and the commonegttervention was unilateral salpingectomy (12/22,

54.5%).

Conclusions. Hysteroscopic sterilization has been introducea amre convenient, office based method
of permanent fertility control. However, whilst teeall risk of unintended pregnancy is comparable t
conventional laparoscopic sterilization, women dti@lso be counselled regarding its lower succatss r

in successfully completing the procedure and ighéi rate of failed re-operation.
Keywords: Hysteroscopic sterilization; laparoscopic steaifian; unintended pregnancy.

Trial registration: N/A



I ntroduction

Tubal sterilization is a widely-used method of canéption, adopted by 17% of women worldwide and
12% of women in the UK (1-3). Interval sterilizatibas traditionally required entry into the pergah
cavity via laparoscopic or laparotomic routes. Hegrea new, hysteroscopic method of sterilization
(Essuré” Permanent Birth Control System (Bayer, Germanyg a@proved in 2002 by the US Food and
Drug Administration (FDA) (4) followed by the UK Nanal Institute for Health and Care Excellence
(NICE) in 2009 (5). The Essufé system involves the transcervical placement ahalls flexible
nickel/titanium alloy coil containing polyethyleffibers into each fallopian tube, which inducesdiis

and tubal occlusion after three months. The adgentd the hysteroscopic route for tubal occlussthe
avoidance of abdominal incisions, the need for halspdmission and the use of general or regional
anesthesia. Published data highlight the conveaiand economic advantages of office based female

sterilization with more than 750,000 Essliterocedures have now been performed worldwide(6,7).

Prospective, uncontrolled, observational data suppe short and medium term safety, acceptalalitgy
efficacy of hysteroscopic sterilizatiomdeed, the hysteroscopic procedure has beendaesi safer with
fewer potentially serious complications (7—10). Hwer, this view has recently been called into daest
by patient groups and the US Food and Drug Admitisih (FDA) authority with reports of adverse
events such as pain, bleeding, allergies, utermena and unintended pregnancies (4,5). The UK's
Medicines and Healthcare Products Regulatory AgékityRA) concluded that tubal implant is a safe

device but recommended to carry on monitoring sitiects following insertioii8).

Whilst the focus of recent safety concerns haseainated on hysteroscopic procedures, there has bee
less data comparing hysteroscopic and laparosoegiltcods of sterilization and no randomized

controlled trials (RCTs). One recently publishedthparative cohort study from the US reported



comparable contraceptive efficacy at one year witintended pregnancies rates of 1.1-1.2%. The
prevalence of iatrogenic surgical complications arajor medical morbidity were also similar, estietht
to be under 0.5%. Whilst this study confirmed tatety and efficacy of both methods of female
sterilization, it did find a 10-fold higher likelifod of re-operation on the fallopian tubes after
hysteroscopic sterilization amounting to one rerapen in every 40 hysteroscopic procedures (6& Th
convenience of outpatient hysteroscopic steriliratnay therefore have to be offset against thengiate
need for further surgical intervention to ensuilgatisterilization, remove fallopian tubes and futral

implant micro inserts.

In order to better inform clinical practice andipat decision making regarding choice of female
sterilization, we conducted a controlled cohortgtto compare both methods of female sterilizatmn
see if current comparative data pertaining to #fety, feasibility, efficacy and need for surgioad

intervention were consistent.

M ethods

An observational cohort study comparing peri- aostypperative outcomes associated with two
contrasting methods of female sterilization wasantaken at the Birmingham Women’s Hospital

(BWH), a UK University Teaching Hospital. Data wexdlected over 10 years from January 2005 and to
November 2015 for the two types of female stetiiarautilized; office hysteroscopic sterilizatiosing

the Essur" permanent birth control system (Bayer, Germany)day-case laparoscopic sterilization
using the Filshie clip tubal ligation system (CooBergical, USA). Both procedures were conducted in
accordance with the relevant instructions for usdas have been previously described (4-6).
Hysteroscopic procedures were conducted in aneo$iiiting with either no anesthesia or direct catyi
local anesthesia whereas all laparoscopic proceduees conducted under general anesthesia apart fro

one case that was performed under spinal anesthdgseroscopic sterilization procedures were



performed by senior operators (consultants) trainegberative hysteroscopy (TJC, and JKG), whilst
laparoscopic sterilization procedures were perfarimeboth senior operators (Consultants) and

Obstetrics and Gynaecology residents (trainees).

Peri-operative data pertaining to feasibility defiras technical completion of the sterilizationgedure
(successful bilateral micro-insert placement) aattsgactory radiological confirmation at three st
with either hysterosalpingogram or transvaginavigalltrasound scan, and safety (complications)ewer
collected prospectively for office hysteroscopierdization on a specifically designed electronic
database. Outcomes of confirmatory radiology aehmonths i.e. results of transvaginal ultrasowaah s
(TVS) and / or hysterosalpingogram (HSG) requireddcordance with thiabal implant permanent birth
control system instructions for use and recomméoigfrom the UK National Institute for Health and
Care excellence (NICHEP) were also entered into the database. Betwe@h &0d 2007, HSG was
undertaken as the first-line confirmatory test. FEladter (2007-2015), TVS was the first line confitiory
test according to the protocol used at the BWH ¢umalicated hysteroscopic procedures defined as
taking less than 15 minutes, minimal pain, easgages of devices and 1-8 trailing device coils Wsib
the uterine cavity) with HSG reserved for compkchprocedures or in cases where the TVS findings
were equivocal). Laparoscopic sterilization procedwere retrospectively identified over the sae 1
year period using the BWH data coding for gynecilaigoperative procedures. Case notes were then
scrutinized to record whether procedures were sstaky completed (clips correctly applied in kaggpi
with the instructions for use to both fallopianesior one in the case of a prior salpingectomy)thed

occurrence of intra-operative complications.

Intra-operative complications for both types of &ensterilization were defined as haemorrhage >
200mLs, damage to a viscus (uterus, bladder, baweter, ovary and major blood vessel) and major
medical complications (acute myocardial infarctistnpke, pulmonary embolism, perioperative shock,
and respiratory complications). Post-operative darafions up to 30 days following the index procexiu

were defined as unplanned overnight stay in hdsgitd iatrogenic complications (hemorrhage or



hematoma; damage to an abdominal viscus and majdical complications) requiring hospital re-
admission. These events were identified from BWHirmg and relevant case note examination of

identified cases.

The BWH operative coding system and ICD-9-CM (intgional classification of diseases, ninth revision
clinical modification codes) were used to identifgmen undergoing further surgical procedures
considered to re-operations arising from the ihitissteroscopic or laparoscopic sterilization prhae

i.e. as a result of failed or sub-optimal procedwrecomplications. Re-operations were defined as
surgery to the fallopian tube (salpingectomy —Q3tulal ligation / sterilizations — Q35.2; diagriost

laparoscopy — Z30.2; clipping/blocking the remagnfallopian tube Q36.1; hysterectomy Q122).

Pregnancies were identified correlating the unigwéH patient identifying code with inpatient and
outpatient admission codes for pregnancy and pregnalated care; antenatal clinic attendanceyearl
pregnancy unit attendance (care of miscarriagesatapic pregnancy); termination of pregnancy. Case

notes were inspected if pregnancy was identified.

In the main analyses, follow-up was limited to gear to avoid loss of follow-up because of relamati
of patients. Longer-term analysis was conductesl/aduate unintended pregnancy and reoperationyat an

point thereafter (between one and 10 years acaptdithe date of the index sterilization procedure)

Statistical analyses

Use of hysteroscopic sterilization and laparoscsjgdilization over time were inspected graphicalty

the relationship between the number of laparoscstgidlizations and time was analysed using Poisson
regression. Baseline characteristics, successbekplures, radiological testing and complicationsawe
compared between patients undergoing hysteroseopitaparoscopic sterilization. Categorical
variables were presented as frequencies and pagsesnt The categorical outcomes were analyzed using
regression analysis and presented as unadjustedatitus. Analysis of plots and summary statistics

guided which statistical analysis was performedamtinuous variables. As data was normally



distributed continuous variables were presentealragan with standard deviation and compared using

students t test.

Results

Between 2005 and 2015, 1085 women underwent hystepic sterilization and 2412 had a laparoscopic
sterilization. Over this ten-year study period, tise of laparoscopic sterilization remained faidpstant
whereas hysteroscopic sterilization increased ftdr@% (40/280) of all female sterilization proceshur

in 2005 to 40.5% in 2015 (150/350) (P = < 0.001y(Fel). Poisson regression analysis showed a
significant relationship between increasing yeat am increase in the number of hysteroscopic
sterilisations (p = <0.001). The women who undemvissteroscopic sterilization had a significantly
higher mean age (36.1 years), and higher pari6) (hmpared to the women in the laparoscopic
sterilization group who had a mean age of (35.8sjeand parity of (2.4) (Table 1). Women undergoin
hysteroscopic sterilization were nearly three timese likely to have had a caesarean section (089/1
(18.4%) versus 160/2412 (6.6%), P = <0.001). They bad a significantly higher body mass index

(BMI) (Table 1).

Hysteroscopic sterilization was successful in 998B1(91.4%, 95% CI| 89.6% to 93.0%) at the first
attempt compared with 2400/2412 (99.5% %, 95% C2%Pto 99.8%) laparoscopic sterilizations (odds
ratio 18.8, 95% CI 10.2-34.4). Of the 93/1085 (8)6&ed hysteroscopic sterilizations, six (6.5%gre/
due to device failure, 32/93 (34.4%) because dicdity in visualizing one or both tubal ostia ab&/93
(16.1%) of women were unable to tolerate the prooedi0/93 (43%) were due to tubal stenosis. Initia
unilateral device placement requiring a secondestagcedure to complete the hysteroscopic steidiza
was required 2/1085 (0.2%) women. Overall, we Ha8412 (1.5%) patients with failed laparoscopic
sterilization. The reasons for failed laparoscapmcedures were mesosalpingeal tear in 1/12 (803%)

patients and pelvic adhesions in 11/12 (91.7%atiepts. Of the 992 completed hysteroscopic



sterilization procedures, 958 (97%) attended foorirmatory radiological testing data out of whi2®2
(91%) patients had satisfactory confirmatory testind so could rely on the sterilization for
contraception. Where TVS was used as a first-lordiomatory radiological modality, 13.4% (63/471)

required further imaging with a HSG.

There were five adverse events reported withina@@ af the sterilization and these all occurred- mer
immediately post-operatively (Table 1). Two pereggtive complications occurred during hysteroscopic
sterilization; uterine perforation during insertiohthe hysteroscope and perforation of the utecoreea
whilst placing a tubal implant micro insert. Theg immediate post-operative complications recorded
after laparoscopic sterilization included threeroight admissions; two because of post-operatiugaty

retention requiring an indwelling catheter and beeause of abdominal pain requiring narcotic arsiége

Women undergoing hysteroscopic sterilization wexdisies more likely to undergo a reoperation a on
year after initial surgery (22/1085 [2%)] vs. 8/24023%] odds ratio 6.2 [95% CI 2.8 to 14.0]).
Indications for re-operation were failed hystergsceterilization including additional procedures t
remove incorrectly placed devices (3/22, 13.6%advic pain (14/22, 68.2%). Of the failed
sterilizations, five (5/22, 23%) patients had aosekstage hysteroscopic procedure to achieve filate
occlusion to the fallopian tubes, and twelve (12825%) a laparoscopic sterilization (including tne
case of device perforation). Of the twenty-two worméo underwent reoperation at one year following
hysteroscopic sterilization, fourteen were comptajrof chronic pelvic pain out of which none had a
prior history of pelvic pain, 9/14 (64%) had a abdral salpingectomy due to chronic pelvic paiag4/
(29%) a bilateral salpingectomy and 1/14 (7%) wornad a laparoscopic hysterectomy because of

concomitant menstrual problems.

There were eight unintended pregnancies; threef035% CI 0.1% to 0.8%) following hysteroscopic

sterilization and five (0.2 %, 95% CI 0.1% to 0.5&Ker laparoscopic sterilization (OR 1.3, 95% C3-0
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5.6). Two out of three pregnancies following hysseopic sterilization occurred despite the conftiora
test (£' pregnancy occurred five months following hysteogsc sterilization, and™ pregnancy eight
months following hysteroscopic sterilization. Betbmen proceeded to have a termination of
pregnancy); the third pregnancy occurred withie¢hmonths of hysteroscopic sterilization procedsre
the patient did not comply with post-proceduratiinstions to use contraception until a satisfactory
confirmatory test was secured, and the patientgaed to have a normal vaginal delivery. All five

pregnancies following laparoscopic sterilizatiocweed within one year of the procedure.

Discussion

Hysteroscopic tubal implant sterilization and lagsmopic tubal ligation sterilization are comparaddye,
feasible and effective. In this series, hysterogcsterilization procedures were completed succiigsh
83.1% of cases and the rate of unintended pregnaasy.3% in keeping with other observational
cohorts (11-13). However, women desiring permahgtit control need to weigh the advantages of a
convenint office based hysteroscopic procedurenagitie six-fold increase in the need for furthsra
surgery to complete sterilization or remove deveued / or fallopian tubes. Previous observatioreks
have shown that whilst hysteroscopic sterilizat®successfully completed in most women, bilateral
tubal placement of Essdfedevices will fail in 3 - 10% of procedures (11,1) such cases, a further
attempt at hysteroscopic sterilization or alten@ataparoscopic approaches should be considered. Th
chance of potential failure and the need for repeatedures to complete sterilization should be
discussed with women prior to undergoing officedablsysteroscopic sterilization. Women need to be
aware of this small chance of requiring furtheraitdurgery to remove incorrectly sited devicesodreat

symptoms such as pelvic pain, thought to be ataltla to tubal implant device placement.

In total there were eight unintended pregnancigkércohort. In contrast to laparoscopic tubal usicn,

11



hysteroscopic occlusion with thebal implant system is not immediate. Women shbel@dvised to
continue with other methods of contraception fdeast three months until a confirmatory radiolagjic
test is completed. One of the three hysteroscagigriancies could be attributed to patient non-
compliance with follow up radiological testing. Noompliance with radiological follow up is well
recognized with rates varying between 12.7% and {B%16)but in our series less than 4% of women
failed to do so. Moreover, unsatisfactory confirimatesting in compliant patients is reported to be
between 4.9% and 5% and in keeping with our seviese 3% of tests were not satisfactory. This means
that 94% of the cohort of women undergoing hystapi sterilization could be advised to rely upbn i
for permanent contraception in contrast to 99% ain@n undergoing laparoscopic sterilization, where
confirmatory testing is not required. Unintendedgurancy rates were comparable between methods of
sterilization. The reason for all other pregnanomdsich occurred beyond three months of the index

procedure, could not be elucidated and so may septeérue method failures.

Comparison with other studies

Two recently published, US registry based studa&ltompared efficacy, adverse events and re-
intervention rates between hysteroscopic and Isgapic methods of tubal occlusion, although not
restricted taubal implant antubal ligation procedures (17,18). Both studies &sind unintended
pregnancy rates to be comparable between hystgriosmad laparoscopic methods of sterilization albei
the reported rates of around 1% are higher thawiirseries (0.3% 95% CI 0.1%-0.8%). One of these
studies reported a higher tubal surgery re-intdigamate following hysteroscopic sterilization sistent
with our findings although the magnitude was muigiér; a 10-fold increase compared with a six-fold
increase in the current study (17). In contrastemieanced risk of tubal surgical re-interventiasiag
from hysteroscopic sterilization. The US obsernraiaohorts reflected general gynecological practic
and this may explain the higher unintended pregnaates as our study was limited to a single center
with expertise in ambulatory hysteroscopic inteti@rs. The possible explanation for the confligtin

study findings regarding the magnitude and indeedgnce of any difference in the need for surgisal
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intervention directly arising from tubal sterilimat is unclear and may reflect the way data wagdahd
recorded. It is intuitive however, that re-intertien post hysteroscopic sterilization would be leigh
because of its higher failure rate compared wiplatascopic sterilization It is an established pért
counseling women about choices of permanent bintirol that the convenience of office-based, non-
incisional hysteroscopic sterilization is balanegdinst the increased likelihood of failure to ctetg

the procedure. Indeed, women during the conseptingess should be encouraged to consider other
methods of contraception with similar efficacy (8ch as an intrauterine contraceptive devicerothe
long-acting reversible contraceptives, laparoscetgdlization or male sterilization should the gedure

fail. In addition, the role of laparoscopic salpiiectpmy as opposed to laparoscopic tubal ligatiaulsh

be discussed in light of new evidence that serdes@carcinoma, the most common ovarian cancer, may

originate in the Fallopian tube and removal ofttiiees may mitigate against this risk (20).

Srengths and limitations

The hysteroscopic sterilization data were collegiexpectively from consecutive women on a bespoke
electronic database whereas the laparoscopic dataaellected retrospectively over the same time
period. Whilst the approach to data collection wiatiggest that the completeness of the hysterascopi
data is likely to be better, the inpatient opemgtimeatre coding system was rigorous with dataredte
prospectively for all operations, including laparggic sterilization, so it is unlikely that missing
inaccurate data is pervasive. Women undergoingdurturgery arising from their sterilization progssl
would have been missed if undertaken at anothguitabsHowever, it is unlikely that re-intervention
procedures were missed given that the timescal®fow up was restricted to one year, the actaal r
intervention rate recorded was low and the BirmamghVomen’s Hospital (BWH) was the only health
care provider for hysteroscopic sterilization pha®s over the study time period making re-presiemnta
to other regional hospitals less likely. Similatlye risk of missing unintended pregnancies shbald
negligible because (i) one would expect women tdaxt their health care provider and (ii) the BWH

would provide the antenatal / gynecological carltal women so that the coding employed to idgntif

13



pregnancy related health encounters should be tobus

We did not adjust our analyses for potential confling variables because extensive clinical and
demographic data were not electronically recordest the study period for day-case hospital prooeslur
Women undergoing hysteroscopic sterilization wikely to be significantly older, have a significhnt
higher BMI and were three times more likely to hanelergone a caesarean delivery. This may suggest
that when a difficult laparoscopic procedure is@pated women are being guided towards a
hysteroscopic procedure. Our hysteroscopic bilatergce placement rates were over 91.4% which
compares favorably with published rates (89-90%)42) it is unlikely that the higher prevalence of
caesarean delivery would have impacted adverselg thee outcomes for hysteroscopic sterilizatiore Th
only two observational series (17,18) to companeale methods of sterilization also observed a highe
rate of caesarean delivery but did not find thasbd against hysteroscopic outcomes. One of these
studies (17) also found a higher prevalence of najdominal surgery and pelvic inflammatory disease
in women undergoing hysteroscopic procedures adtdiegence to the contention that the likelihood of
pelvic adhesions is influencing choice of steriii@a method. Again, on adjusted analysis these
observations did not appear to influence the coatpe results. It should also be noted that all
hysteroscopic sterilizations were performed by@esiirgeons with expertise in hysteroscopic surgery
whereas the more established laparoscopic procedume conducted by a wider range of surgeons with
more variable experience. However, this observatiamlikely to bias against laparoscopic stertiza
because it is a simple technique familiar to mgsiegologists and the feasibility rate of over 999d a

low complication rate observed in this study igitesny this.

Conclusion

Hysteroscopic sterilization offers women a convetieffice based method of permanent birth control.
When women decide upon their choice of sterilizativethod they need to understand the comparable

effectiveness and safety but be aware that wiiésthance of surgical re-intervention for failed

14



procedures, misplaced devices and other cliniaal$gms such as chronic pain, following office based

hysteroscopic sterilization is low, it is higheathconventional laparoscopic approaches.
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Table 1

Outcomes following hysteroscopic and laparoscopic sterilization, including odds for failure of

sterilization for hysteroscopic compared to laparoscopic sterilization

Hysteroscopic

Laparoscopic

Statistical

sterilization sterilization (Filshie comparison6
(Essure™)(1085) clip™) (2412)
Patient characteristics
Mean Age in years (SD) 36.1 (4.2) 35.6 (3.0) P =<0.001
Mean Body mass index  32.8 (4.0) 27.1 (3.0) P =<0.001
(SD)
Mean Parity (SD) 2.6 (0.5) 2.4 (0.5) P =<0.001
Caesarean section 199 (18.4%) 160 (6.6%) P =<0.001

Procedural outcomes
Successful proceduresl
Satisfactory
confirmatory test?

Successfully completed
sterilization (reliance)®

Adverse events <30
days*

Re-operation® < one
year

Unintended pregnancy

992 (91.4%, 95% CI
89.6% to 93.0%)

902 (90.9% 95% ClI
89.0 10.92.6%)

902 (83.1% 95% ClI
80.8% to 85.2%)

2 (0.2%, 95% CI 0.05%
to 0.7%)

22 (2.0%, 95% Cl 1.3%
to 3.1%)

3 (0.3 %, 95% CI 0.1%
to 0.8%)

2400 (99.5%, 95% ClI
99.2% to 99.8%)

Not applicable

2400(99.5%, 95% CI
99.2% to 99.8%)

3 (0.12%, 95% ClI
0.04% to 0.36%))

8 (0.3%, 95% CI 1.7%
to 6.5%)

5 (0.2 %, 95% CI1 0.1%
to 0.5%)

Odds ratio 18.8, 95% ClI
10.2 to 34.4)

Odds ratio 40.6, 95% CI
22.5t073.1)

Odds ratio 1.48, 95% ClI
0.25 to 8.89)

Odds ratio 6.2 (95% CI
2.8 10 14.0).

(Odds ratio 1.3, 95% CI
0.3t0 5.6).

1 Defined as correct placement of sterilization devices according to the respective instructions for use.

2 Satisfactory radiological confirmatory testing with transvaginal ultrasound scan and / or hysterosalpinogram; denominator = 992
women attending for confirmatory testing
3 Successfully completed procedure and satisfactory confirmatory radiology at >/= 3 months for hysteroscopic sterilization
procedures hysteroscopic sterilization
4 See methods for definitions of adverse events (peri- and post-operative complications)
5 Further surgical procedures considered to re-operations arising from the initial hysteroscopic or laparoscopic sterilization
procedure i.e. as a result of failed or sub-optimal procedures or complications.

6 x2 tests for categorical variables and student t tests for normally distributed continuous variables to compare differences in

baseline characteristics and unadjusted outcomes between groups
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