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ABSTRACT
Aim of the work: The objective of this trial was to compare between bilateral total salpingectomy (BTS) as a theoretically 
more effective ovarian cancer (OvCa) risk-reducing primary prevention and bilateral partial salpingectomy (BPS) [stander 
tubal ligation (STL)] procedures at time of cesarean section (CS) for parturients who completed their reproductive desire 
and requesting permanent sterilization regard to the impacts of both procedures on ovarian reserve parameters at one year 
post-sterilization as well as the surgical consequences of both procedures. 
Patients and Methods: This is a prospective, randomized, open-label, concealed allocation, parallel group, superiority 
trial was conducted at three surgical sites in El-Qulobia, Egypt including Benha University Hospital, Obstetrics and 
Gynecology Department between October 2015 and October 2017. 120 parturients undergoing CS were allocated to 
BTS (intervention group) (60) and BPS (control group) (60). Main outcomes were one year post-sterilization differences 
in ovarian reserve (OR) parameters including hormonal as well as two-dimensional and three-dimensional transvaginal 
ultrasonographic parameters ; namely, anti-müllerian hormone (AMH) (ng/ml), follicular stimulating hormone (FSH) 
(mIu/ml), peak systolic velocity (PSV) (cm/s), antral follicle count (AFC) (n), vascular index (VI) (%), flow index                  
(FI) (0-100), vascular flow index (VFI) (0-100), calculated ovarian age  [OvAge (year)] and ovarian volume. Ancillary 
outcomes were surgical feasibility and surgical consequences. 
Results: 102 women completed the one-year follow up (85%), 50 in the BTS group and 52 in the BPS group and 
there were no statistically significant differences regarding the ovarian  reserve parameters at one year post-sterilization 
including AMH, FSH, AFC, VI, FI, VFI OvAge and ovarian volume (P > 0.05). Also, there were no statistically significant 
differences regarding items included in surgical. consequences comparison (P > 0.05) as well as surgical sterilization 
feasibility (100% vs 100%, p = 1). Also, there were no apparent complications due to sterilization procedures in both 
groups.
Conclusion: Impacts of bilateral total salpingectomies (BTS) on ovarian reserve as sterilizing procedure during cesarean 
section as well as rates of surgical consequences are similar with that of bilateral partial salpingectomies (BPS) (STL). So, 
BTS could be recommended over BPS (STL) for women completing their reproductive desire, despite its better efficacy 
as ovarian cancer reducing surgery as well as its better clinical and sterilizing efficacy remained to be elucidated. .
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INTRODUCTION                                                                  

Ovarian cancer (OvCa) is the most frequent cause 
of gynecological cancer mortality and its lifetime risk                          
is ≈1.4% in developed countries as well as accounted to 
be the fifth common cause of cancer mortality in women, 
despite the advances in its surgical, chemotherapeutic 
and radiological interventions[1]. Owing to these  OvCa 
related issues as well as lack of OvCa effective screening 
programs and always late advanced presentation of 
OVCa[1], in addition to new discoveries of fallopian tubes 

(FTs) pivotal roles in tumorigenesis of both type I and type 
II epithelial ovarian carcinomas (EOCs)[2, 3, 4, 5, 6], the focus 
of decreasing EOCs' clinical, economical as well as social 
burden had been shifted  towards the primary prevention 
throughout post-reproductive FTs removal in average-risk 
women for OvCa, which is known as bilateral opportunistic 
salpingectomy (BOS) or risk-reducing salpingectomy 
(RRS) or bilateral prophylactic salpingectomy (BPS)[7, 8].

Sterilization is performed in an estimated percentage 
of 19% of reproductive age women worldwide[9]. Both 
excisional  [bilateral partial salpingectomy (BPS)] and 
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non-excisional tubal ligations (TLs) have been associated 
with reduced OvCa risk, especially low-grade type I 
Sterilization is performed in an estimated percentage 
of 19% of reproductive age women worldwide[9]. Both 
excisional  [bilateral partial salpingectomy (BPS)] and 
non-excisional tubal ligations (TLs) have been associated 
with reduced OvCa risk, especially low-grade type I 
endometrioid and clear cell OvCa due to interruptions 
of FTs' conduit connection between uterine cavity and 
lower genital tract containing dysplastic cells as well 
as carcinogenic agents  to the ovarian environment[6]. 
Moreover, excisional TLs [including the commonly 
performed procedures BPS which coined as standard tubal 
ligation (STL)] and bilateral total salpingectomy (BTS) 
were found to add more OvCa risk reduction depending 
on the amount of FTs removed[6]. Ely and Truong in their 
meta-analysis deduced that BPS might reduce OvCa by 13 
to 41% and BTS might decrease OvCa by 42% - 78%[10]. 
While, Yoon et al. in their meta-analysis showed that 
BOS at the of hysterectomy reduce the lifetime OvCa risk                                                                                                               
by ≈50%[11] ; but owing to low absolute OvCa risk, the 
number of women needed to be treated with BTS (NNT) 
to prevent one OvCa case is relatively high at 366 as well 
as the NNT  to prevent on OvCa related mortality is also 
high at 450[12].

BPS has the highest sterilizing efficacy compared 
with others TLs, as it has lowest cumulative pregnancy 
rate 7.5 / 1000[13] and ectopic rate of 1.2 / 1000[14] as well 
as its surgical profile relatively safe, especially at the 
time of cesarean section (CS)[15, 16]. While, BTS offers 
more theoretical sterilizing efficacy than BPS as well 
as eliminating risks of tubal ectopics, hydrosalpinges, 
pyosalpinges and Morgagni hydatids[12, 16]. However, these 
BTS related potential benefits are offered at the expense of 
more surgical risks including mesosalpingial and ovarian 
vascular plexus tearing with subsequent intraabdominal 
hemorrhage, especially at postpartum (PP) tubal sterilization 
(TS)[15,16]. These high surgical consequences with BTS 
are secondary to pregnancy-related pelvic engorgement 
and anatomical changes[15, 16]. Trials comparing BPS 
versus BTS at Cs concentrated on surgical consequences                                                                                
evaluation[17, 18, 19, 20, 21, 22], rather than impacts of this surgical 
procedures on ovarian blood supply and its subsequent 
impacts on ovarian functions[23]. 

This work aimed to assess performed BTS versus 
BPS at the time of CS in women who were aiming in 
permanent sterilization regard to the detrimental impacts 
on ovarian vascularization, function and reserve, in 
addition to comparing procedures surgical profile safety 
and consequences. 

PATIENTS AND METHODS                                                                  

We conducted this open-label, parallel group, 
concealed allocated, randomized, controlled, superiority 
trial, prospectively at three surgical, obstetrical sites ; 
namely, Benha University Hospital (BUH), Obstetrics 

and Gynecology Department, El-Hayat Specialized 
Gynecology and Obstetrics Center at Benha City and El-
Taqwa Surgical Center at Abu-Zabal, all these surgical 
sites were in El-Qalubia, Egypt. We conducted this trial 
between October 2015 and October 2017. Benha Faculty 
of Medicine Ethical Committee was the Institutional 
Review Board (IRB), from which we gained the ethical 
approval of this study protocol. Also, all parturients who 
participated in this trial singed written informed consent 
after careful counseling regards risks and benefits of 
bilateral total salpingectomies (BTS) and bilateral partial 
salpingectomies (BPS) as sterilizing procedures performed 
at the time of cesarean section (CS). 

All parturients scheduled for CS either as electively 
or emergency procedures who requested or might request 
permanent sterilization were asked to participate in this 
study after careful counseling regarding permanent natures 
of this sterilizing procedures as well as the risks and 
benefits of this sterilizing procedures by the investigators 
of this trial (MAE and ANME). Eligibility criteria were 
termed : Pregnant women ≥38 weeks gestational age 
with an adequate number of offsprings ≥three child's 
of both sex, fit for surgery, i.e., American Society of 
Anesthesiologist (ASA) physical status I-II whom might 
be undergoing cesarean delivery due to any indications 
including a maternal request of sterilization. Exclusion 
criteria included women < 30 years old, parturients at 
risk of cesarean hysterectomy, women with prior adnexal 
or ovarian surgical procedures and groups of women 
who may regret with desire for future fertility as well as 
women with family history of breast or ovarian cancer 
or who are known to be carriers for hereditary ovarian 
cancer syndromes as well as women who were at higher 
risk for potential surgical complications as women with 
immuno-compromising disease, chronic steroid user, on 
immunosuppressive therapy and women on therapeutic or 
prophylactic anticoagulation drugs.

Parturients were recruited sequentially and randomly 
allocated to receive either standard postpartum tubal ligation 
(STL) which is BPS according to our routine practice 
(control group = BPS group = STL group) or bilateral total 
(complete) salpingectomies (intervention group = BTS 
group = BCS group) at 1: 1 ratio. The trial Bio-statistician 
created a randomized treatment allocation scheme of 12 
blocks of equal size of 10 participants by computer number 
generators and transferred the randomization scheme into 
sequentially numbered sealed opaque envelope containing 
either of allocation procedures. Six blocks were stored at 
El-Hayat Center ; two blocks were stored at BUH, while 
four blocks were taken by ANME to be conducted on his 
private patients.  Participants were randomized at entering 
the operation room. After randomization, the investigators 
as well as participants were not blinded to group assignment 
anymore, while blinding was maintained on clinical 
pathologist as well as sonographer who later evaluated 
the participant's hormones and ovarian ultrasound status. 
Also, caregivers and data collectors were blinded to group 
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assignment. CS was usually performed under regional 
anesthesia with or without sedation, usually through 
transverse skin incision as well as transverse uterine 
incision. After uterine incision closure, the obstetricians, 
always MAE or ANME, performed classic STL (BPS) in 
conventional way (control group), where loop of FT was 
caught, clamped, cut, doubly ligated, then both tubal ends 
were cauterized bilaterally or complete salpingectomy 
on either side (intervention group) was done with aids of 
bipolar clamp started at fimbrial side, taking care of injuring 
ovarian blood supply in the infundibulopelvic  ligament, 
then cut the coagulated mesosalpinx immediately under 
the FT until reach the cornual ends, taking care of injuring 
the round or uter-ovarian ligaments.

Participants-related data were collected including 
all relevant history, surgical procedures including total 
operative time, tubal procedures time, total blood loss, 
tubal procedures related blood loss, type of anesthesia, 
CS techniques, additional procedures as adhesiolysis, 
all complication and adverse operative events as well as 
postoperative course until complete recovery. All women 
were contacted after one year by their primary obstetrician 
for evaluation of their ovarian reserve (OR), women who 
responded and decided to complete this study were asked 
to come within the first four days of menstrual flow and 
were evaluated by transvaginal ultrasound. Women who 
founded to have > 10mm  dominant follicle were asked 
to come back in next cycle ; while women with quiescent 
ovaries were sent in the same day to the laboratory where 
they gave blood sample and sonographer where they were 
examined with transvaginal two and three-dimensional 
ultrasound (2 and 3DUS). Blood samples were collected 
from the participant's women via venipuncture, and they 
centrifuged the sample at 3500 rpm for 10 minutes within 
30 minutes to 4 hours maximally stored at 4ºC. Aliquots 
of serum samples were frozen at -80ºC till collection of 
all study samples were done in a single run. AMH was 
measured by Gen II-sensitive ELISA assay AMH kit 
(Beckman Coulter, Inc., Brea, CA, USA) with detection 
limits of 0.16 ng/ml to 10.4 ng/ml and inter-intra assays 
variation coefficients of ≤ 0.4% and 3.4% respectively. 
FSH was analyzed a CoBASe 411 auto-analyzer (Roche 
Diagnostics, Germany) by an ECLIA method with 
sensitivity limits of 0.100 Iu/ml, while inter-intra assays 
variation coefficients were ≤ 3.5%, 2.6%, respectively.

The same sonographer performed TV2 and 3DUS to 
all included women at cycle day 1-4, on voluson pro 370 
(GE, health care ultrasound, Switzerland) assessing peak 
systolic velocity (PSV) of ovarian vessels on 2D colour 
Doppler mode then capture  scan for both ovaries on 3D 
volumetric and 3D power Doppler mode evaluating the 
following items. Antral follicular count (AFC) as well 
as 3D vascularization indices ; namely, vascular index 
(VI), flow index (FI) and vascular flow index (VFI) with 

aids of sonography-based automated volume count and 
virtual organ computer-aided analysis imaging programs 
(SonoAVCTM and VOCA / TM, GE, health care 
ultrasound, Switzerland).

The main outcomes were differences between control 
group (BPS) and intervention group (BTS) regarding 
ovarian reserve parameters including AMH, FSH, AFC, 
PSV, VI, FI, VFI as well as calculated ovarian age (OvAge/
year) from the following formula OVAge = 48.05 - 3.14 
AMH + 0.07 FSH - 0.77 AFC - 0.11 FI + 0.25 VI + 0.1 
AMH x AFC + 0.02 FSH x AFC(24, 25) at one year after 
performed tubal sterilizing procedure at time of cesarean 
delivery (CD). The subsidiary outcomes were related to 
operational feasibility as well as surgical consequences 
of tubal sterilizing procedures including operative time as 
well as total and tubal procedure related estimated blood 
loss, blood transfusion and related organs injuries. 

A sample size of 45 per group were needed to detect 
a clinical meaning significant difference in serum AMH 
between control and intervention groups of 0.2 ng/ml as 
reported by van Rooij et al.(26) in age group between 
36 - 40 years old of -0.02 (95% CI of -0.3, -0.1) utilizing 
sample size APP for android(27) at study power of 80% 
as well as double-sided significance of 0.05% utilized the 
unpaired t-test. As we anticipate a large portion of loss to 
flow (30%), 120 women in total were included in this trial.

We followed intention to treat analysis (ITT), and we 
used SPSS version 25 (IBM, USA) to perform the statistical 
analysis. As our continuous variables were normally 
distributed we presented it as means ± standard deviations 
(ranges) and we compared between them with independent 
student t-test, while we presented categorical variables as 
numbers and percentages and used Fisher's extract test to 
compare between them. To figure out significance, we used 
point estimate difference with 95% conference interval as 
well as setting P value at < 0.05%. 

INTRODUCTION                                                                  

We initially examined 200 parturients for eligibility in 
this study. 80 parturients were excluded for various reasons 
as presented in Figure (1). We allocated 120 eligible 
parturients to tubal sterilization via standard tubal ligation 
(STL) (bilateral partial salpingectomies (BPS)) (no = 60) 
(control group) or via bilateral total salpingectomies (BTS) 
(intervention group (no = 60). All randomized women 
received the allocated intervention or treatment, while we 
failed to follow up with ten women in the BTS group and 
12 women in the BPS group. In total, 102 women were 
completely followed up at one-year post sterilization. The 
data of 120 parturients were available for surgical outcome 
analysis ; while only data of 102 women were available for 
ovarian reserve parameter outcomes analysis (Figure 1).
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Enrollment 
Parturients screened for eligibility 

(n = 200) 

Randomized (n = 120) 

Allocation 
- Allocated to BTS (n = 60).  

-Received allocated intervention (n = 

60)  

- Allocated to BPS 

- Received allocated treatment (no = 

60) 

Follow up - Change intervention (n = 0)  

- Failed intervention procedure (n = 0)  

- completed follow up (n = 50)  

Analysis - Analyzed (no = 50)  - Analyzed (no = 52).  

- Change treatment (no = 9) 

- Foiled treatment procedure (no = 0)  

- Completed follow up (no = 52) 

Excluded (n = 80): 

• Prior advexal surgery (n = 12)  
• Refused participation (n = 30)  
• Other contraindications (n = 38) 

Fig. 1: CONSORT flow diagram of parturients undergoing  BTS versus BPS included in  STORE  trial.

Table (1) displayed the trial cohort demographic, 
clinical, surgical and obstetrical characteristics and 
demonstrated that both groups didn't differ concerning 
these baseline criteria (P > 0.05). 

Table (2) presented the ovarian reserve parameters 
differences at one year after performed tubal sterilization 
(TS) and demonstrated that there is no statistically 
significant difference between both groups regarding AMH 
(P = 0. 30), FSH (P = 0. 23), AFC (P =  0.40), ovarian 
volume (P = 0.88), PSV (P =  0. 11), VI (P =   0.85), VFI 

(P =0.69), FI (P = 0.90) and OvAge (P =  0. 90). 

Table (3) presented the subsidiary outcomes of the 
STORE trial including operational feasibility as well as 
surgical consequences of both tubal sterilization procedures 
; namely, BTS and BPS and showed that there were no 
significant differences between both groups (P > 0.05).

No apparent consequences were noticed in either group 
of the STORE cohort trial could be attributable to either 
received tubal sterilization procedures. 
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Table 1: Baseline demographic, clinical, surgical and obstetrical criteria of parturients undergoing BTS and BPS included in STORE trial. 

P valueΔ (95% C.I)Control group (BPS)
(n = 55)

Intervention Group (BTS)
(n = 60)Characteristic 

= 0.71- 0.40 (-1.74, 2.54)36.21±6.21 (28.21-43.20)35.81±5.62(28.17, 42.23)Age* (year) 

= 0.70-0.59 (-254, 3.72)32.21±7.21(23.82 - 40.21)31.62±6.91 (24.21- 38.21)BMI* (kg/m2)

= 0.51-0.46 (-0.94, 1.86)6.21 ± 4.12(3 -8)5.81 ± 3.62 (3 - 10)Gravidity*(n)

= 0.45-0.50 (-0.83, 1.83)5.41 ± 3.92(3  - 8)4.91 ± 3.42  (3 - 8)Parity*(n)

= 0.58-0.30 (-0.79, 13.9)3.92 ± 3.21 (3 - 5)3.62 ± 2.81 (3-6)Number of living children*(n)

= 0.68-0.21(-0.82, 1.24)3.83±2.91(0-6)3.62±2.81(0-6)Number of prior CS*(n)

Prior pelvic - abdominal surgery**

= 0.82-1.6% (-12.94, 16.07)13 (21.6%)12 (20%)    None

= 0.85- 1.6% (-15.17, 18.25)39 (65%)36 (63.4%)    CS

= 0.623.2% (-9.89, 16.25)8 (13.4%)10 (16.6%)    Other 

Co-Morbidities**

=0.63-3.4% (-10.59, 17.27)50 (83.4%)48 (70%)    None

= 0.74-1.6% (-8.79, 12.13)5 (8.3%)4 (6.7%)    HTN

= 0.473.3% (-6.59, 13.56)3 (5%)5 (8.3%)    DM

= 0.641.7% (-6.96, 10.72)2 (3.3%)3 (5%)    Other 

Type of CS**

= 0.663.3% (-11.75, 17.90)12 (20%)14 (23.3%)    Primary 

= 0.66-3.3% (-11.75, 17.90)48 (80%)46 (76.7%)    Repeat 

= 0.68-0.09 (-0.35, 0.53)38.91±1.24 (38.31, 41.21)38.82±1.23(38.21, 40.92)Gestational age* (weeks)

ASA**

= 0.66-3.4%(-12.00, 18.61)46(76.7%)44 (73.3%)    I

= 0.663.4% (-12.00, 18.61)14 (23.3%)16 (26.7%)    II

Anesthesia type**

= 0.545% (-10.86, 20.54)45(75%)42 (70.0%)    Spinal 

= 0.386.7% (-8.45, 21.50)12 (20%)16 (26.7%)    Spinal with sedation 

= 0.64-1.7% (-6.96, 10.72)3 (5%)2 (3.3%)    General 

= 0.56-0.2 (-0.46, 0.88) 3.13±1.89(2.86, 3.96)2.93±1.91 (2.62-3.86)Neonatal weight (Kg)* 

Abbreviations: STORE:  Tubal sterilization ovarian reserve assessment trial, BTS: bilateral total salpingectomies, BPS: bilateral partial 
salpingectomies, BMI: Body mass index, CS: Cesarean section, HTN: Hypertension, DM: Diabetus mellitus, ASA: American society of 
anesthesiologists physical status, Δ (95% CI): Point estimate difference with 95% confidence interval. 
- Values were given as mean ± Standard deviation (range)* or number (percentage)**
- P < 0.05 : Statistically significant. 
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Table 2: Primary (ovarian reserve parameters) outcomes differences at one year between women undergoing BTs and BPS in STORE Trial. 

P valueΔ (95% C.I)Control group (BPS)
(n = 60)

Intervention group (BTS)
(n = 60)Outcome 

= 0.30-1.02 (-0.18, 0.58)1.82±1.12 (0.44-4.21)1.62±1.02 (0.34 -3.82)AMH* (ng/ml) 

= 0.23-1.05 (-0.70, 2.80)9.21±5.36 (5.62-18.61)8.16±4.26 (4.28-15.61)FSH* (mIu/ml) 

= 0.40- 1.04 (-1.43, 3.51)11.66±7.32 (4 – 20)10.62±6.32 (5 – 19)AFC* (n)

= 0.11-2.10 (-0.53, 4.73)16.71±7.81(6.62 – 19.36)14.61±6.71 (6.82-18.31)PSV* (cm/s)

= 0.850.08 (-0.95, 0.79)1.23±2.21 (0.42 – 3.86)1.32±2.63 (0.32-3.88)VI* (%)

= 0.69-1.10 (-4.36, 6.56)29.31±15.61(23.62-35.36)28.21±14.61(24.61-36.63)FI* (1-100)

= 0.900.04 (-0.67, 0.59)0.98 ± 1.86(0.72-1.13)1.02±1.66 (0.78-1.22)VFI* (1-100)

= 0.90-0.30 (-4.44, 5.04)37.12±13.62(30.22- 40.62)36.82±12.63(30.61-40.22)OvAge* (year)

= 0.88-0.19(-2.50, 2.88)5.82±8.43(3.12-11.63)5.63±6.32 (3.36-10.62)Ovarian volume*(cm3) 

Abbreviations: BTS: bilateral total salpingectomies (intervention group), BPS: bilateral partial salpingectomies, (STL) (control group), 
STORE: Tubal sterilization ovarian reserve assessment trial, AMH: anti-müllerian hormone, FSH: follicular stimulating hormone, AFC: 
antral follicular count, PSV: peak systolic velocity, VI: vascular index, FI: flow index, VFI: vascular flow index, OvAge: calculated ovarian 
age, Δ (95% CI): Point estimate difference with 95% confidence interval. 
- Values were given as mean ± Standard deviation (range)*.
- P < 0.05 : Statistically significant. 

Table 3: Ancillary (operational feasibility and consequences) outcomes differences between women undergoing BTS versus BPS in STORE 
trial.  

P valueΔ (95% CI)Control group (BPS)
(n = 60)

Intervention group (BTS)
(n = 60)

Outcome 

= 1.000.0% (-7.27, 7.27)60 (100%)60 (100%)Surgical feasibility of TS** 

= 0.21-2.99 (-1.76, 7.74)58.62 ± 13.64 (40 - 90)55.63±12.63 (45 - 80)Total operative time* (min)

= 0.70-0.64 (-2.66, 3.94)13.25 ± 9.62 (6  - 15)12.61±8.61 (8 - 15)TS operative time* (min)

= 0.12-50.00 (-13.91, 113.91)800 ± 200 (500  - 1300)750±150 (600-1200)Total operative blood loss*(ml)

= 0.46-1.00 (-1.67, 3.67)9.61 ± 8.41 (5 - 20)8.61 ± 6.21(5 - 20)TS operative blood loss*(ml)

= 0.850.03 (-0.34, 0.28)0.95 ± 0.89 (0.77 - 1.53)0.98±0.86(0.66-1.62)Change in hemoglobin*(gm/dl)

= 1.000.0% (-7.27, 7.27)1 (1.6%)1 (1.6%)Blood transfusion**a

= 0.840.20 (-2.17, 1.77)6.71 ± 5.33 (3.8 - 9.2)6.91 ± 5.61(3.6 - 8.9)Postoperative pain score*(VAS)
= 1.000.0% (-7.27, 7.27)1 (1.6%)1 (1.6%)Intraoperative complications**b

= 0.48-5.0% (-9.20, 19.01)13 (21.6%)10 (16.6%)Postoperative complications**c

= 0.51-1.06 (-2.15, 4.27)11.56 ± 9.42 (6 - 48) 10.50 ± 8.36 (6 -  48)Hospital stay*(n)

Abbreviations: BTS: bilateral total salpingectomies (intervention group), BPS: bilateral partial salpingectomies, (STL) (control group), 
STORE: Tubal sterilization ovarian reserve assessment trial,  TS: tubal sterilization, VAS: Visual analogue scale score, Δ (95% CI): Point 
estimate difference with 95% confidence interval. 
- Values were given as mean ± Standard deviation (range)* or number (percentage)**
- P < 0.05 : Statistically significant. 
a) blood transfusion were postoperatively due to noticed moderate anemia 
b) one case in each group of bladder injury. 
c) Postoperative complications include persistent vomiting, paralytic ileus, urinary tract, and respiratory tract infections; all were managed 
successfully. 
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DISCUSSION                                                                     

Cesarean section is the most frequent operation 
performed in women worldwide and now in Egypt is 
considered to be an epidemic procedures, so this could 
be an opportunity to introduce the concept of bilateral 
total salpingectomies (BTS) as an effective sterilization 
procedure as well as ovarian cancer (OvCa) risk-reducing 
as a primary prevention in average-risk women for OvCa, 
in parturients undergoing CS and requiring permanent 
sterilization. Bilateral partial salpingectomies (BPS) is the 
commonest performed surgical sterilization at CS as it is 
easy, safe as well as highly feasible[18, 19, 20]. BPS is found 
to be the most effective tubal sterilization with low ectopic                                                                                                              
rate[13, 14] as well as might reduce the ovarian cancer risk 
especially type I endometrioid and clear cell carcinoma 
between 42% and 78%[10, 11, 12], however recent literatures 
introduce BTS as more effective superior procedure than 
BPS regarding contraceptive efficacy, eliminating risk of 
hydrosalpinges, pyosalpinges, adnexal accident, ectopics 
as well as effectively reducing OvCa especially type II high 
grade serous ovarian carcinomas (HGSOCs) as reviewed 
by Dilley et al.[6]. Also, theoretical modules evaluating 
the cost-effectiveness of RRS with hysterectomies, benign 
gynecology[8, 29], vaginal hysterectomies[30] and cesarean 
deliveries[31, 32] proof the effectiveness of RRS. Computer 
models that investigate BPS versus BTS with CS deduced 
that both sterilization procedures are effective regarding 
ovarian cancer prevention and sterilization, despite that 
these models could not agree which procedure is more 
cost-effective than the other[31, 32]. Subramanian et al.  
deduced that BTS  is superior to BPS in their model , 
but Venkatesh et al. deduced that both procedures have 
similar cost-effectiveness. Despite that, there are a lot of 
recently published literatures demonstrating the theoretical 
throughs of the highest efficacy of BTS than BPS as cancer 
reducing as well as a sterilizing procedure[2, 3, 4, 5, 6, 7, 8].

This prospective, randomized, concealed allocation, 
open-label, parallel group, superiority trial demonstrated 
that the impacts of BTS and BPS as sterilizing procedures 
at CS time on ovarian reserve parameters one year later 
including AMH, FSH, AFC, PSV, VI, FI, VFI, OvAge, 
and ovarian volume were similar (P > 0.05). Also, this 
study demonstrated that both procedures were equally 
feasible as well as perioperative surgical consequences 
were  similar (P > 0.05). Studies were evaluating 
BTS versus BPS at the time of CS concentrating 
on feasibility as well as perioperative surgical                                                                                                              
consequences[16, 17, 18, 19, 20, 21, 22], while there is only one 
published RCT assessed procedures impacts on ovarian 
reserve(23).  Researchers report a variable degree of 
feasibility, perioperative surgical consequences and this 
could be explained based on heterogeneity in surgical 
experiences as well as surgical techniques and surgical 
instruments. Studies evaluating ovarian reserve impacts 
of tubal sterilization did not show determinant changes 

on either hormonal or stromal blood supply[33,34]. Also, 
pilot RCT comparing 46 parturients (32 women of 
them completed the trial follow up, 16 in BTS arm and 
18 BPS (STL)) found that AMH prior to CS as well 
as at 6 – 8 weeks postpartum and the increase in AMH 
didn't differs significantly between both group (ΔAMH 
were increase of 0.58 ± 0.98 in (BTS) vs. 0.39 ± 0.41 in                                                                                                        
(BPS) ng/ml, p=0.45)[23]. However, they reported 
prolonged operative time in BTS parturients over BPS 
participants by 13 min (66.0 ± 20.5 versus 52.3 ± 15.8                                                                                                              
minutes, p = 0.01) as well as there were no differences in 
feasibility and surgical complications[23]. Studies regarding 
RRS in benign gynecology did not report detrimental 
impacts on ovarian reserve[35, 36, 37, 38].   

Strengths include prospective nature, randomization, 
allocation concealment as well as power to : First, detect 
a prespecified clinical significant difference in an essential 
parameter of ovarian reserve. Second, evaluating ovarian 
reserve with a bunch of essential and recently introduce 
volumetric ultrasound parameters ; namely, AMH, 
AFC with Sono AVC as well as vascularization indices 
with VOCAL. Third, assessing the ovarian reserve 
parameter one year after sterilization procedures away 
from conflicting effects of surgical procedures as well as 
pregnancy[39,40]. Fourth, investigating in one trial surgical 
consequences as well as impacts of sterilizing procedures 
on ovarian reserve and providing evidence regards the short 
and intermediate safety of BTS as an OvCa risk-reducing 
primary prevention procedure instead of BPS at time of CS 
in women completing their reproductive desire. 

LIMITATIONS OF THE STUDY                                                                     

Limitations include an inability to blind participants and 
investigators after allocation, however, the study outcomes 
were objective parameters unliable to be subjected to 
open-label nature of surgical trials. Second, underpowered 
of this trial to detect minor surgical consequences.  Third 
assessing surrogate parameters of ovarian reserve rather 
than impacts of sterilizing procedures on the onset of 
menopausal symptoms itself. However, to study all these 
items, the trial might require a more significant number of 
participants as well as decades of follow up[41], and this is 
behind our capabilities. Fourth, inability to evaluate the 
OvCa risk-reducing theoretical benefits of BTS over BPS, 
as evaluating such items requires a more significant number 
of participants as well as many decades of follow up[41]. 
Fifth, inability to generalize the results of the presented 
trial as its results were an individual experience of a senior 
obstetrician in his private practice, however, this could 
be an initiation for introducing this experience as well 
as providing such bipolar devices enabling completion 
of such procedures without complications. Sixth, lack of 
pathological examination of removed tubes in manner 
evaluating presences or absences of premalignant changes 
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in the removed FTs[42]. We could recommend a more 
extended period of follow up to STORE participants cohort 
evaluating menopausal symptoms onset as well as ovarian 
reserve marker a few years later on as well as adnexal 
consequences of both sterilizing procedures and this 
trial-participant might be a nucleolus for a larger cohort 
evaluating ovarian cancer risk reduction by RRS.

CONCLUSION                                                                       

The results of this RCT suggested that bilateral 
total salpingectomies (BTS) is a sterilizing procedure 
at time of cesarean delivery compared to bilateral 
partial salpingectomies (BPS) as standard tubal 
ligation procedures (STL) that don’t have detrimental 
impacts on ovarian reserve parameters at one year after                                            
sterilization ; as well as both procedures does not differ 
regard to surgical consequences including operative time 
when BTS performed with bipolar diathermy clamp. 
However, whether BTS or BPS might do better regard to 
menopausal symptoms onset and prevention of ovarian 
carcinomas as well as contraceptive effectiveness remain 
to be elucidated.
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