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Abstract

Ankara University Faculty of Medicine, Department of Obstetrics and Gynecology, Ankara, Turkey

Objective: To observe and compare the effect of postpartum tubal ligation (TL) procedures on ovarian reserve at women desiring TL as a 
contraceptive method at the end of pregnancy.

Material and Methods: Eighty-one women were included in the prospective study. TL was performed at the time of cesarean delivery 
(CD) (n=49) and as an interval procedure by laparoscopy (LS) in the postpartum period (n=32). Anti-müllerian hormone (AMH) was used to 
determine ovarian reserve. Blood samples were taken twice from each subject; the first sample was taken before delivery from all subjects and 
the second sample was taken 4 months after sterilization. AMH level differences were compared in each group and between groups.

Results: The preoperative AMH values of CD and LS groups were similar 2.30 (maximum: 5.20, minimum: 0.42) ng/mL and 1.80 (maximum: 3.50, 
minimum: 0.40) ng/mL, respectively (p=0.262). The postoperative AMH values of the CD and LS groups were 1.30 (maximum: 2.60, minimum: 
0.30) ng/mL and 0.90 (maximum: 2.50, minimum: 0.20) ng/mL, respectively (p=0.284). When the preoperative and postoperative values of each 
group were compared the change was statistically significant for both groups p<0.001. The decrease in mean AMH values in the CD and LS 
groups were 37.83% and 44.15%, respectively. The percentage changes of AMH values were not statistically significant (p=0.286).

Conclusion: TL at the time of CD and interval sterilization with LS have similar effects on ovarian reserve. (J Turk Ger Gynecol Assoc 2020; 21: 
24-8)
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Introduction

Tubal ligation (TL) is a permanent contraceptive method 

preferred mostly by women with more than one child (1). 

It is known to be safe procedure but utero-ovarian blood 

flow disruption has been considered as an adverse effect of 

the procedure (2-6). The debate on this issue has continued 

since the 1950s (2). Several studies were designed to observe 

the effect of TL on ovarian function (3-21). The first studies 

were primarily based on observational data (3-6). It has 

been reported that TL may result in menstrual irregularity, 

mainly shortening of menstrual bleeding due to disruption 

of ovarian function (3,4). However, all previous studies 

were observational and needed to be checked by objective 
measurements.

For the last decades, more objective parameters were used 
to measure ovarian reserve and function; namely, follicle-
stimulating hormone, luteinizing hormone, estradiol (E2), anti-
müllerian hormone (AMH), and ultrasound (Doppler blood 
flow and antral follicle count) for determining the effect of 
TL (9,11-22). Until recently, AMH was mainly used to assess 
ovarian reserve status (21-23).

Controversial results regarding the effect of salpingectomy 
on ovarian reserve measured by AMH have been reported 
(7,8). Ye et al. (7) reported decreased ovarian reserve after 
salpingectomy. However, Venturella et al. (8) reported that 
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surgical excision including the removal of mesosalpinx 
with salpingectomy did not cause any negative effect on 
ovarian reserve. Bipolar coagulation was thought to create 
less tissue damage; however, laparoscopic TL using bipolar 
electrocoagulation was reported to cause lower AMH values 
(11,12).

It is certainly the case that most women usually express 
their desire for TL in their pregnancy period (24). In the case 
of TL at the time of cesarean delivery (CD), there must be 
an indication for the CD. However, to the dissatisfaction of 
some patients, physicians may be reluctant to proceed with 
cesarean delivery for the sole purpose of sterilization; these 
patients are referred for interval sterilization with laparoscopy 
(LS). 

In the present retrospective cohort study, we aimed to compare 
the effects of two different postpartum TL modalities on ovarian 
reserve in women desiring TL at their pregnancy period; TL at 
the time of CD and interval sterilization with LS.

Material and Methods

Patients who had a desire for TL during pregnancy at the 
obstetrics and gynecology clinics of a university hospital 
between November 2011 and May 2013 were enrolled in this 
retrospective cohort study. The study was approved by the 
Institutional Review Board (IRB approval no: 16-624-13, date: 
11/11/2013).

Patient selection

The first study group consisted of women who underwent 
TL during a scheduled or emergency CD. The second study 
group consisted of women who underwent laparoscopic TL 
in the postpartum period, 2-4 months after vaginal delivery 
(interval sterilization). The inclusion criteria were women aged 
between 30 and 40 years who had a desire for TL at the end of 
their current pregnancy. The exclusion criteria were previous 
ovarian surgery, polycystic ovary syndrome, any type of 
cancer and/or pelvic radiotherapy history, and any medication 
affecting ovarian response (oral contraceptive pills, danazol, 
gonadotropin-releasing hormone analogues).

A total of 90 patients were assessed for eligibility. After 
application of the inclusion and exclusion criteria, 84 patients 
were found to be eligible. Four of the excluded patients had 
polycystic ovaries and two had previous ovarian surgery 
because of endometrioma. Three more patients, one from 
the CD group and two from the laparoscopic TL group were 
lost during the follow-up period. As a result, 49 patients from 
the first group and 32 patients from the second group were 
included in the final analyses. Figure 1 shows the flow-chart of 
patients who were assessed, excluded, and followed up.

Surgical procedures

In our clinic, the Pomeroy technique is preferred for TL during 
CD. In this technique, the fallopian tube is inspected and 
held from the isthmic portion, then ligated using a number 
0 absorbable suture by penetrating the avascular part of 
the mesosalpinx. The upper part of the ligated portion is 
cut with scissors and the remaining ligated part is checked 
for hemostasis. Then, the same procedure is repeated for 
the contralateral fallopian tube (25). Laparoscopic TL is 
performed under general anesthesia with the insertion of two 
to three ports. First, the pelvic anatomy is inspected. Then 
the fallopian tube is held from the avascular isthmic portion 
and cauterized using bipolar forceps until it becomes white, 
and subsequently cut with scissors without using electro-
cautery. The cut portion is checked for hemostasis. The same 
procedure is repeated for the contralateral fallopian tube. 
There is no intervention with the ovaries during either of the 
procedures.

Main outcome parameters

The main outcome measure was preoperative and 
postoperative AMH changes. The percentage change between 
preoperative and postoperative AMH values were calculated 
for both groups for intergroup comparison.

Anti-müllerian hormone assay

The first blood samples were collected in the third trimester for 
each group when pre-labor assessment took place. The second 
blood samples were collected four months after sterilization. 
Blood samples were centrifuged at 4000 rpm for 10 minutes 
and stored at -80 °C until required for analysis. Upon collection 
of all samples, serum AMH levels were determined on the same 
day by using a commercially available enzyme-linked immune 
sorbent assay kit (Beckman Coulter Inc., Paris, France) with 
a lowest detection limit of 0.14 ng/mL. Intra- and inter-assay 
coefficients of variation were 12.3% and 14.2%, respectively.

Statistical analysis

Data analyses were performed using the SPSS Version 21.0 
statistical software package (IBM Corporation, Armonk, NYC, 
USA). Samples were tested using Kolmogorov-Smirnov test 
to determine normality of distributions. Continuous variables 
were compared using the Mann-Whitney U test according to 
the distribution of each variable. The Wilcoxon signed-rank test 
was used for the comparison of preoperative and postoperative 
AMH values. A p value of <0.05 was considered statistically 
significant. In determining the difference of two methods by 
time, a p value of <0.025 was considered statistically significant, 
according to Bonferroni’s correction.
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Results

A total of 81 participants were evaluated, 49 patients underwent 
TL during CD, and 32 patients underwent TL with LS. The mean 
age of the CD group and LS group was 34.4±2.25 and 35.1±2.27 
years, respectively. The median parity value of both groups was 
3. The body mass index (BMI) of the CD group and LS group 
was 28.8 and 29.1 kg/m2, respectively. Both groups were similar 
with consideration to age, parity, BMI, and live birth numbers 
(Table 1). The median preoperative AMH value for the CD 
group was 2.30 (maximum: 5.20, minimum: 0.42) ng/dL and 
1.80 (maximum: 3.50, minimum: 0.40) ng/dL for the LS group. 
Both groups were similar according to preoperative median 
AMH values (p=0.262). The median postoperative AMH value 
for the CD group was 1.30 (maximum: 2.60, minimum: 0.30) 
ng/dL and 0.90 (maximum: 2.50, minimum: 0.20) ng/dL for the 
LS group. Both groups were similar according to the median 
postoperative AMH values (p=0.284). The median postoperative 
AMH values of both groups were lower than the preoperative 
median AMH values; this difference was statistically significant 
for both groups (p<0.001). The percentage change of the 
median AMH value of the CD group and LS group was 37.83% 
and 44.15%, respectively. The percentage change of the AMH 
values was similar between the groups (p=0.286) (Table 2).

Discussion

The present study was conducted to compare the effects of two 
different postpartum TL methods on ovarian reserve. According 
to our results, both TL at the time of CD and interval TL with 

LS were detected to significantly decrease serum AMH levels. 
However, when preoperative and postoperative percentage 
changes were compared between the groups, similar changes 
were detected.

The speculated mechanism of the adverse effect of TL on 
ovaries was blood perfusion disturbances (2-6). However, 
studies evaluating utero-ovarian Doppler blood flow changes 
were unable to demonstrate any difference, either on blood 
perfusion or follicular phase hormonal values after TL (12-
18). Nevertheless, two studies demonstrated decreased 
mid-luteal progesterone levels contributing menstrual 
disturbances after TL (13,14). Surgical sterilization can result 
in subtle changes in ovarian function, even though ovulation 
itself is not affected (16,17). Kelekci et al. (18) and Kutlar et al. 
(19) demonstrated increased resistivity index of utero-ovarian 
blood flow without statistical significance. In addition, the 
negative impact of TL on ovarian reserve was histologically 
confirmed in an animal study (20). In a recent study that 
compared the effect of TL and salpingectomy at the time of 
CD on ovarian reserve, similar AMH changes were detected 
6-8 weeks postoperatively (21). 

In this study, we detected statistically decreased postoperative 
AMH levels in both procedures. The percentage change of 
AMH was lower in the CD group, but we failed to demonstrate 
a significant difference between the groups.

The mesosalpinx is one of the blood perfusion sources for 
ovaries (2). When tubal patency is disrupted for sterilization, 
blood perfusion on the mesosalpinx may be intervened (1,2). 
Salpingectomy is an invasive procedure compared with TL. 
Ganer Herman et al. (21) reported that even salpingectomy 
during CD resulted with similar AMH changes when compared 
with TL performed during CD. In the present study, the 
decrease of AMH percentage was lower in the CD group, but 
this change was not statistically significant. The intervention of 
the avascular mesosalpingeal part of the uterus may be simpler 
compared with interval sterilization through LS. This might be 
a reason for this percentage difference.

Previously, Ozyer et al. (22) compared AMH values in women 
who underwent TL at the time of CD and TL with mini-
laparotomy approximately 1 year after surgery. They found 
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Table 1. Patient characteristics
Cesarean 
group (n=49)

Laparoscopy 
group (n=32)

p

Age (mean) 34.4±2.25 35.1±2.27 0.926

Parity (median) 3 3 0.637

Live birth 
(median)

3 3 0.714

Body mass index 28.8 29.1 0.846

Values are mean ± standard deviation and median values for parity 
and live birth. There was no statistical significance between the groups 
(p>0.05 for all)

Table 2. Change of the anti-müllerian hormone values for both groups

Number
AMH preopa

(median) ng/mL
AMH postopb

(median) ng/mL
% Changec

Cesarean 49 2.30 (max: 5.20, min: 0.42) 1.30 (max: 2.60, min: 0.30) 37.83%

Laparoscopy 32 1.80 (max: 3.50, min: 0.40) 0.90 (max 2.50, min 0.20) 44.15%

Values are mean and minimum and maximum values are presented for the variable range.
aComparison of preoperative AMH values of both groups p=0.262. bComparison of postoperative AMH values of both groups p=0.284. Comparisons of a-b 
for both groups are statistically significant p<0.001. cComparison of percentage change of preoperative and postoperative values are without significance 
p=0.286
AMH: Anti-müllerian hormone, max: Maximum, min: Minimum
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higher AMH levels in women who underwent TL at the time of 
CD. Interestingly, different from Ozyer et al. (22), postoperative 
AMH values in both groups were prominently decreased in 
the present study. This may because of our study population. 
Our study cohort was constituted by pregnant women and 
women in the early postpartum period, as the major strength 
of this study. None of the patients started to menstruate 
during the study period. The sharp fall of AMH could be a 
result of the inability to create a new AMH secreting follicle 
cohort after TL. In the long term, AMH levels may probably be 
compensated after ovarian function recruitment. The classic 
dogma regarding ovarian physiology dictates that the number 
of primordial follicles is constant and cannot be replenished. 
AMH is expressed by granulosa cells; its expression is initiated 
in the smallest growing follicles and declines in the early 
antral stages as one follicle is selected for dominance and 
the rest become atretic. Sönmezer et al. (23) proposed a 
theory of a compensatory mechanism following surgical 
ovarian damage. It is possible that any acute damage may 
stimulate more primordial follicles from the stockpile start 
to growing (23). This may be possible without any inhibitory 
situation such as pregnancy and lactation. In our study, there 
was no compensatory mechanism because all patients were 
pregnant or in the early postpartum period, and the sharp 
decrease might be due to the absence of this compensatory 
mechanism.

The other strength of our study was the comparison of the 
effects of the two most frequently used TL methods by assessing 
preoperative and postoperative AMH values. To the best of our 
knowledge, this is the first survey to compare two different TL 
procedures and is therefore a pioneer for similar studies.

Study limitations

The long-term postoperative values were not evaluated in our 
study. Also, cesarean section itself might have a negative effect 
on ovarian reserve, which could not be determined in our 
study. The effect of pregnancy on the bioactivity of AMH is still 
unknown. There are studies stating that AMH is invariant during 
the pregnancy period (9,26). In contrast, some studies reported 
a decrease of circulating AMH levels during the pregnancy 
period, but the observations are inconsistent (27,28). It could be 
better if the ovarian reserve markers were assessed before the 
pregnancy period, but it could only be possible for intrauterine 
insemination or in vitro fertilization patients who we may not be 
offered a surgical contraceptive technique in the postpartum 
period. Another limitation of our study was the low number 
of patients in the study groups. Moreover, the lack of a power 
analysis before data review can be noted as a limitation.

In conclusion, this study showed that both management 
techniques for TL had similar but negative impacts on ovarian 
reserve. These data can be beneficial for both patients and 
physicians, that the timing of TL may not have different effects 
on ovarian reserve. However, further studies are needed with 
larger cohorts evaluating long-term AMH values, particularly 
after recovery of normal menstrual periods.
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Figure 1. Flow-chart of patients
*Four of the excluded patients had polycystic ovaries and 
two had previous ovarian surgery because of endometrioma



Gemici et al. 
Post-partum tubal sterilization and ovarian reserve28

References

1. Zite N, Borrero S. Female sterilization in the United States. Eur J 
Contracept Reprod Health Care 2011; 16: 336-40. 

2. Peterson Herbert B, Pollack Army E, Warshaw Jeffrey S. Tubal 
sterilization. In: Rock JA, Jones HW, editors. Te Lindes's Operative 
Gynecology 9th edition. Philadelphia: Lippincott Williams & 
Wilkins; 2003. p. 537-56.

3. Hillis SD, Marchbanks PA, Tylor LR, Peterson HB. Higher 
hysterectomy risk for sterilized than nonsterilized women: 
findings from the U.S. Collaborative Review of Sterilization. The 
U.S. Collaborative Review of Sterilization Working Group. Obstet 
Gynecol 1998; 91: 241-6. 

4. Peterson HB, Jeng G, Folger SG, Hillis SA, Marchbanks PA, Wilcox 
LS, et al. The risk of menstrual abnormalities after tubal sterilization. 
N Engl J Med 2000; 343: 1681-7.

5. Shobeiri MJ, Atashkhoii S. The risk of menstrual abnormalities after 
tubal sterilization: a case control study. BMC Womens Health 2005; 
5: 5. 

6. Radwanska E, Headley SK, Dmowski P. Evaluation of ovarian 
function after sterilization. J Reprod Med 1982; 27: 376-84.

7. Ye XP, Yang YZ, Sun XX. A retrospective analysis of the effect of 
salpingectomy on serum anti Müllerian hormone level and ovarian 
reserve. Am J Obstet Gynecol 2015; 212: 53.

8. Venturella R, Morelli M, Lico D, Di Cello A, Rocca M, Sacchinelli A, et 
al. Wide excision of soft tissues adjacent to the ovary and fallopian 
tube does not impair the ovarian reserve in women undergoing 
prophylactic bilateral salpingectomy: results from a randomized, 
controlled trial. Fertil Steril 2015; 104: 1332-9.

9. La Marca A, Giulindi S, Orvieto R, De Leo V, Volpe A. Anti-Müllerian 
hormone concentrations in maternal serum during pregnancy. 
Hum Reprod 2005; 20: 1569-72.

10. Kuijper EA, Ket JC, Caanen MR, Lambalk CB. Reproductive 
hormone concantrations in pregnancy and neonates: a systemic 
review. Reprod Biomed Online 2013; 27: 33-63. 

11. Ercan CM, Sakinci M, Coksuer H, Keskin U, Tapan S, Ergun A. 
Ovarian reserve testing before and after laparoscopic tubal bipolar 
electrodesiccation and transection. Eur J Obstet Gynecol Reprod 
Biol 2013; 166: 56-60.

12. Goynumer G, Kayabasoglu F, Aydogdu S, Wetherilt L. The effect 
of tubal sterilization through electrocoagulation on the ovarian 
reserve. Contraception 2009; 80: 90-4.

13. Moss C, Isley MM. Sterilization: A Review and update. Obstet 
Gynecol Clin North Am 2015; 42: 713-24.

14. Radwanska E, Berger GS, Hammond J. Luteal deficiency among 
women with normal menstrual cycles requesting reversal-of tubal 
sterilization. Obstet Gynecol 1979; 54: 189-92.

15. Alvarez-Sanchez F, Segal SJ, Brache V, Adejuwon CA, Leon P, 
Faundes A. Pituitary-ovarian function after tubal ligation. Fertil Steril 
1979; 36: 606-9.

16. Alvarez F, Faundes A, Brache V, Tejada AS, Segal S. Retrospective 
study of the pituitary-ovarian function after tubal sterilization by the 
Pomeroy or Uchida techniques. Fertil Steril 1989; 51: 604-8.

17. Cevrioglu AS, Degirmenci B, Acar M, Yilmazer M, Erol D, Kahraman 
A, et al. Examination of changes by tubal sterilization in ovarian 
hormone secretion and uterine and ovarian artery blood flow rates. 
Contraception 2004; 70: 467-73.

18. Kelekci S, Yilmaz B, Yasar L, Savan K, Sonmez S, Kart C. Ovarian 
reserve and ovarian stromal blood supply after tubal ligation 
by the Pomeroy technique: Comparison with controls. Gynecol 
Endocrinol 2005; 20: 279-83.

19. Kutlar I, Ozkur A, Balat O, Ugur MG, Genco Y, Aksoy F. Effects of 
three different sterilization methods on utero-ovarian Doppler 
blood flow and serum levels of ovarian hormones. Eur J Obstet 
Gynecol Reprod Biol 2005; 122: 112-7.

20. Kuscu E, Duran HE, Zeyneloglu HB, Demirhan B, Bagis T, Saygili E. 
The effect of surgical sterilization on ovarian function a rat model. 
Eur J Obstet Gynecol Reprod Biol 2002; 100: 204-7.

21. Ganer Herman H, Gluck O, Keidar R, Kerner R, Kovo M, Levran D, et 
al. Ovarian reserve following cesarean section with salpingectomy 
vs tubal ligation: a randomized trial. Am J Obstet Gynecol 2017; 217: 
472.

22. Ozyer S, Moraloğlu O, Gülerman C, Engin-Üstün Y, Uzunlar O, 
Karayalçin R, et al. Tubal sterilization during cesarean section or as 
an elective procedure? Effect on the ovarian reserve. Contraception 
2012; 86: 488-93.

23. Sönmezer M, Taşkın S, Gemici A, Kahraman K, Özmen B, Berker 
B, et al. Can ovarian damage be reduced using hemostatic matrix 
during laparoscopic endometrioma surgery? A retrospective, 
randomized study. Arch Gynecol Obstet 2013; 287: 1251-7.

24. Chan LM, Westhoff CL. Tubal sterilization trends in the United 
States. Fertil Steril 2010; 94: 1-6.

25. Peterson HB, Pollack AE, Warshaw JS. Tubal Sterilization. In: 
Te Linde’s Operative Gynecology, Rock JA, Jones HW, editors. 
Philadelphia: Lippincott Williams & Wilkins, 2008. p. 609.

26. Lutterodt M, Byskov AG, Skouby SO, Tabor A, Yding Andersen C. 
Anti-Müllerian hormone in pregnant women in relation to other 
hormones, fetal sex and in circulation of second trimester fetuses. 
Reprod Biomed Online 2009; 18: 694-9.

27. Nelson SM, Stewart F, Fleming R, Freeman DJ. Longitudinal 
assessment of antimüllerian hormone during pregnancy-
relationship with maternal adiposity, insulin and adiponectin. Fertil 
Steril 2010; 93: 1356-8.

28. Köninger A, Kauth A, Schmidt B, Schmidt M, Yerlikaya G, Kasimir-
Bauer S, et al. Anti-mullerian hormone levels during pregnancy and 
postpartum. Reprod Biol Endocrinol 2013; 11: 60.

J Turk Ger Gynecol Assoc 2020; 21: 24-8


