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ABSTRACT
Purpose: To evaluate the fertility and analyze the macroscopic, microscopic and morphometric aspects of sheep uterine 
tube sterilization with a hysteroscopically insert of n-butyl-2-cyanoacrylate adhesive. Methods: 12 adult sheep, with 
one previous pregnancy, were distributed as follows: group L (n=3) subjected to laparotomy and Pomeroy uterine tube 
ligation, group S (n=3) subjected to hysteroscopic application of saline solution in tube isthmus and group AD(n=6), that 
was subjected to hysteroscopic application of 0.5 ml of n-2-butil-cyanoacrylate in tube isthmus. They were mated with 
fertile males for ninety days. The non pregnant sheep, at the 90th day, were subjected to laparotomy with uterus and tubes 
uterine resection. The fragments of uterine tubes were fixated in 10% formalin and processes for histology evaluated, and 
slices dyes for H.E. Data were evaluated by Wilcoxon and Mann-Whitney and Fisher’s exact test. Results: All sheep from 
groups L and AD did not get pregnant (0%) in contrast with sheep from group S (100%); the adhesive remained integral 
in the uterine tube lumen. The percentual of adherences (66.6%) and fibrosis responses (100%) was significantly higher 
in the group L than group AD (0%) (p≤0.01). The diameter of the caudal tube in group AD (2652.15 ± 45.76 mm) was 
significantly wider than that of the group L (1868.27 ± 56.11* mm) (p ≤ 0.05). Conclusion: The hysteroscopic insertion of 
cyanoacrylate in the uterine tube lumen of sheep was effective to obstruct the uterine tube and to promote the sterilization. 
Key Words: Fallopian Tubes. Sterilization, Reproductive. Tissue Adhesives. Sheep.

RESUMO
Objetivo: Avaliar a fertilidade e aspectos macroscópicos, microscópicos e morfométricos da esterilização histeroscópica 
de tubas uterinas de ovelhas com o adesivo de n-butil-2-cianoacrilato. Métodos: 12 ovelhas adultas, com uma prenhez 
anterior, foram distribuídas como segue: o grupo L (n=3) submetidas à laparotomia e laqueadura tipo Pomeroy, grupo 
S (n=3) submetidas à aplicação histeroscópica de solução salina no istmo tubário e grupo AD (n=6), com aplicação 
histeroscópica de 0,5 ml de cianoacrilato. As ovelhas foram acasaladas com machos de comprovada fertilidade por noventa 
dias. As ovelhas não prenhes aos 90 dias, foram submetidas à laparotomia com ressecção do útero e tubas uterinas, que 
foram fixadas em formalina 10%s e os cortes histológicos corados em hematoxilina/eosina. Os resultados foram avaliados 
pelo teste de Wilcoxon e teste exato de Fisher. Resultados: Todas as ovelhas dos grupos L e AD não ficaram prenhes (0%) 
ao contrário das ovelhas do grupo S (100%); o adesivo permaneceu íntegro no lúmen tubário. O percentual de aderências 
(66.6%) e de fibrose (100%) foi significativamente maior no grupo L do que no grupo AD (0%) (p≤0,01). O diâmetro da 
porção caudal no grupo AD (2652,15 ± 45,76 mm) foi significativamente maior do que grupo L (1868,27 ± 56.11 mm) 
(p≤0,05). Conclusão: A inserção histeroscópica do cianoacrilato no lúmen tubário de ovelhas foi eficaz para obstruir a 
tuba uterina  e promover a esterilização. 
Descritores: Tubas uterinas. Esterilização Reprodutiva. Adesivos Teciduais. Ovinos.
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Introduction 

Uterine tube sterilization is the most common 
contraception method used on family planning in the 
wideworld1. Every year in the United States, 750 thousands 
women were submitted to the laparotomy tubal sterilization 
2. Other countries as Brazil are following this tendency3, 
where forty percent of women between 15 and 49 years 
old underwent to this procedure, and 50-70% of them were 
submitted to this procedure during caesarian surgical (CS) 
delivery4. By the other hand, 88% of surgical sterilization 
is performed immediately after the last labor and 77% 
after caesarian section5. In Brazil, the laws regulating 
the women sterilization were approved in January 12th, 
1996 (Federal law number nº 9.263) allowing women 
aged above 25 years, having two or more children (alive), 
to choose the procedure in the interval delivery period 5. 
Since then, we could observe an increase in the number of 
female sterilizations from 293 in 1996 up to 15,370 in 2001 
5. In some Brazilian cities, such as São Paulo, Curitiba, 
Palmas, Recife and Belo Horizonte, the rate of women who 
wish the sterilization is 25.8 to 36%. However, only part 
of the population is subjected to a sterilization procedure 
5. One explanation for the discrepancy of these data is 
the cost and the low rate of Public Health investments 4, 
5. Therefore, the efforts by now are to developing new 
surgical procedures that could be performed in day surgery 
setting with low cost. Following this idea, the obstruction 
of uterine tube using hysteroscopic access could be an 
option. Some authors, using hysteroscopic access, have 
shown that the use of thermo-coagulation (electrical 
surgery and laser) and sclerosing substances (chemicals) 
for the tube sterilization are reliable. However, none of 
them were safe and effective enough to be used in large 
scale in our population 6-10. Many mechanical methods 
(ceramic, silicone) were used, but they are not effective 
as well 9,11.  Nowadays there are two new mechanical 
devices, the Adiana Complete TransCervical Sterilization 
(Adiana, Redwood City, CA) and the Essure® (Conceptus, 
Inc., San Carlos, CA). Both of them, when inside the 
tube, induce the formation of granulomatosis tissue and 
a total occlusion within three months. These methods 
become more effectiveness as far as the hysteroscopic 
procedures are improving 10. On the other hand, the 
adhesive of cyanoacrylate has been used in many ways 
for obstruction of digestive, urinary or pulmonary fistulae 
12-14. Some authors described the success of occlusion 
of human uterine tube 15, 16, however others have shown 
no effect at all 17-19. Notwithstanding, all of them have 
shown no complications with the procedure. The n-butyl 
cyanoacrylate formulation has shown better adhesivity 
than that engineered with n-methyl cyanoacrylate that is 
often used.  In view of the controversies in the literature 
regarding the sterilization methods, we were prone to 
study the effect of an n-butyl-2-cyanoacrylate technique of 
sterilization using the hysteroscopic access. 

Methods

This study had the approval of the Medical Ethic 
Committee of the Federal University of São Paulo–Escola 
Paulista de Medicina (nº 1352/04) and Research Bio-
Ethical Committee of Universidade Regional Integrada 
do Alto Uruguay e Missões (Campus Erechim) (nº 160-1/
PIA/04).  Twelve adult (3 yr-old), female Texel sheep, 
weighing in the range 50–60 kg were studied. All of them 
with one previous pregnancy were randomly allocated in 3 
groups as follows: Group L (surgical ligation, n = 3); Group 
S (sham, n = 3) and Group AD(adhesive patch, n = 6). 
The sheep were maintained on a 12:12 h dark:light cycle, 
under controlled temperature and humidity conditions. 
The manipulation of the animals was performed following 
the Brazilian animals care protocol and special care was 
taken to minimize animals suffering and to set the number 
of animals to a minimum required. The animals were fed 
a normal sheep chow and had free access to tap water. 
An anesthetic protocol was applied prior to surgery with 
an association of xylazine (0.2 mg.Kg–1) and tiletamine/
zolazepam (3mg.Kg–1) intramuscularly (i.m). The animals 
received prophylactic antibiotic therapy with ampicillin 
(20mg.Kg–1).  The sheep of group L underwent a surgical 
procedure following the Pomeroy protocols 20, as outlined 
briefly below. Under aseptic and anesthetic conditions, 
an infra-umbilical incision (10 cm) was realized with 
exposition of the abdominal cavity and identification of 
the isthmus of both uterine tubes. After the identification, 
the tubes were obstructed by with double catgut suture and 
resection of 1cm of each tube between the sutures. Then, 
the abdominal cavity was properly sutured. The animals 
of groups S and AD, after anesthesia, were positioned 
in ventral decubitus and hysteroscope (4 mm/30° scope) 
connected to a insufflator and a xenon light (300 W) were the 
equipment used to start the procedure. A vaginal speculum 
was placed for the identification of the uterine cervix. 
Then, it was grasped and pulled to visualize the external 
orifice of the uterus cervix. The cervical opening and 
uterus cavity were insufflated with carbon dioxide (CO2) 
in a rate of 50 ml/min at a pressure of 60 mmHg. Through 
the hysteroscope, the right and left ostia of the uterus were 
identified and an urethral catheter (5Fr) with scale of 1cm 
on it was used, allowing the correct positioning in the tube 
for the delivery of 0.5 ml of saline fluid (group S) or 0.5 ml 
of n-bytil-2-cyanocrylate (group AD) at both uterine tubes. 
Thereafter the instruments were removed and the animals 
were monitored during about 2 hours for the anesthetic 
recovering period. After 14 days of surgery, all animals 
were grouped with surely fertile male for 90 days and then 
were examined for signs of pregnancy. The non-pregnant 
animals were euthanized by the carotid cutting method and 
upon laparoscopy were further examined as to the presence 
of adherences or abscesses. The uterus and uterine tubes 
were removed and processed for microscopic analyses. 
Three areas were analyzed, as follows: 1st, the part where 
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uterine tube occlusion was done by suture or adhesive 
patch; 2nd and 3rd, two peaces of the tube 1cm away from 
the occlusion site (from each side). These tissues were 
immersed in 10% formaldehyde for 24h and processed for 
inclusion in paraffin, sectioned in 5 µm-slices and stained 
for hematoxilin/eosin (HE) for morphological analyses. 

Quantitative analysis

The quantitative analyses were performed for the 
presence or absence of granuloma and the measurements 
(mm) of the uterine diameter, and of the mucosa and smooth 
muscle layer thickness. The morphometric imaginings 
of the uterine tube were captured with a digital camera 
(AxioCam MRc, Zeiss) attached to a light microscope 
(Axioplan, Zeiss) and further analyzed by Axiovision Rel 
4.2 (Carl Zeiss) program. Each animal had a mean of 8 
measurements in all portions analyzed in the uterine tube. 
Statistical analysis Data were analyzed by Wilcoxon and 
Mann-Whitney tests for comparing the differences among 
the groups. Also, we used the Fisher’s exact test to compare 

the proportions of adherences or granulomatosis presence 
among the groups. The level P≤ 0.05 was considered to be 
significant.

Results

Fertility

The animals of the group S (Sham) became pregnant 
during the 90-day period of mating and had healthy term 
pups. All animals were left alive. The animals which had 
tube ligation by suturing procedure (group L) or by adhesive 
with n-bytil-2-cyanoacrylate (group AD) have not become 
pregnant during the study. Besides they shared the same 
fertile males which were able to get pregnant the females 
of group S (Table 1). Macroscopic analysis The animals 
which had a Pomeroy ligation tube (group L) for occlusion 
of the uterine tube showed the presence of granulomatosis 
response in 100% for the suture material applied (Table 
1) (Figure 1), and adherences in 66.6%. The group using 
the adhesive patch (group AD), we observed an increase in 
diameter of the most caudal portions of the tubes (Figure 2). 

TABLE 1  –  Percentual (%) of pregnancy, adherence and granulomatosis responses depending upon the tubal intervention 
technique used: Pomeroy tube ligation (group L), n-bytil-2-cyanoacrylate-containing adhesive patch (group 
AD) or physiologic saline (group S) (see Methods)

                                                                                                    Experimental groups

            S (sham)               L (ligation)  AD (adhesive patch)

  Present Absent Present Absent Present Absent

 Pregnancies   100     0      0   100     0   100
 Adherences    —    —  66.6*   33.3     0   100
 Granulomatosis responses    —    —   100*     0     0   100
* P ≤ 0.01 compared to Sham and Adhesive groups (Fisher exact test).

FIGURE 1 –  Photograph of a typical uterine tube using 
the Pomeroy occlusion technique (group L) 
and granulomatosis tissue formation (arrow) 
(20X)

FIGURE 2 –  Photograph of a typical uterine tube of group 
AD. Notice the presence of adhesive patch 
(arrow) and difference in diameter among 
the different portions of the tube (20X)
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Microscopic analysis

The group L and AD showed the same histological 
features. The most distal area of the tube or in the adhesive 
patch area had three distinct layers, namely, serosa, muscular 
and mucosa. The mucosa layer had a well-defined lamina 
propia with fewer projections into the luminal aspect of the 
tube. The epithelium was simple columnar and ciliary cells 
(Figures 3A, B). The most cranial part of the tube presented 
a dilated area with a well developed and folded mucosa 
(Figures 3E, F). The folding was constituted of connective 
tissue as a simple cylindrical ciliated epithelium. The 
group L showed a discontinuation of the tubal lumen and 
the presence of some local fibrosis and a granulomatosis 
response tissue (Figure 3C). The group AD (adhesive) had 
a less developed response of the simple ciliated epithelium 

and lamina propria (Figure 3D). The presence of adhesive 
between with projections of mucosa was observed, with no 
signs of fragmentation or phagocytes (Figure 3D). 

Morphometric analysis 

We observed a significant increase between the cranial 
and caudal areas of the tube where we used the Pomeroy 
technique (group L) (P ≤ 0.001). However, there were no 
differences regarding these areas in the group AD. There 
was a significant increase in diameter of the tube in the 
group AD compared with group L (P ≤ 0.001) (Table 2). 
The most cranial areas of the tube had not differences in 
diameter compared among the groups. There were no group 
differences in the mucosa and uterine tube thickness.

FIGURE 3 –  Photomicrographs of the 
various portions of sheep 
uterine tube of two of the 
experimental groups. Inserts A, 
C and E correspond to the group 
L (Pomeroy ligation); inserts 
B, D and F refer to the group 
AD(n-butyl-cyanoacrylate-
containing adhesive patch). A 
and B = caudal region of the 
tube; C = ligation region; D = 
patch implant region; E and F 
refer to the cranial portions of 
the tube. The arrows indicate 
mucosal projections (250 X). 
R = implant localization

TABLE 2  –  Hystomorphometric data (expressed as mean ± SD) of tube diameter measurements, mucosal and smooth 
muscular layer thickness of three distinct regions of sheep uterine tubes in group L(Pomeroy ligation) and 
AD (n-butyl-cyanoacrylate-containing adhesive patch)

        Tube ligation - Pomeroy (L)                             Adhesive patch (AD)

Regions cranial middle caudal cranial middle caudal
Tubal diameter (µm) 2668.16 ± 57.21c  1831.02 ± 47.12a 1868.27 ± 56.11a 2585.37 ± 66.7c 2411.12 ± 37.35b 2652.15 ± 45.76c

Mucosa thickness (µm) 84.12 ± 15.78 a 84.01 ± 11.88 a 81.31 ± 10.12 a 82.32 ± 23.14a 96.24 ± 11.51a 83.01 ±  18.91a

Smooth muscular 178 ± 29.57a 154 ± 19.15a 147 ± 25.17a 169 ± 21.53 a 143 ± 17.91a 146.12 ± 22.15a

layer thickness (µm)

(a< b <c, P<0.05, Wilcoxon test)
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Discussion 

The surgical procedure for the female sterilization 
should be simple, cheap, and easily accessible 5. In the 
present days, the hysteroscopy for uterine tube sterilization 
by transvaginal approach has been shown a low cost 
and less surgical intercurrences than the laparoscopy 
procedure8,10,21. However, the main controversy is on the 
safety and effectiveness device that should be inserted on 
the tube8,10, 21.Silicone implants, hydrogel dispositive, 
metallic embolus, endometrial ablation using laser, diode or 
radiofrequency, sclerosing substances or adherence fibrin 
did not prove to be safe for routine use 8, 21.  Currently, 
the Essure® is the only dispositive approved by Food and 
Drug Administration (FDA) and the European Health 
Office (EHO) 2. The micro-inserts are a probe of metals 
(nickel-titanium and stainless steel) covered by polyester 
fibers which induce a local inflammatory response in the 
uterine tube 10.  The four centimeters length of fibrosis area 
produced by Essure should be impairment for an eventual 
recanalization surgical procedure. On the other hand, the 
rate of tube sterilization regret is about 25% among the 
Brazilian women3,4 and the high costs of each proceeding 
(US$1,370.00)21 became the method not feasible 
for the Brazil Public Health. The Adiana sterilization 
method produce thermal tube lesion, and consists of a 
radiofrequency (RF) generator, a delivery catheter, and 
an implantable matrix. The delivery catheter is introduced 
through the hysteroscope, their tip is positioned into the 
ostium of the uterine tube and the procedure is completed. 
The method is in the earlier phase of clinical appliance and 
the cost is too high because of special equipment needed 
22.  In this study, we intended to test the effectiveness of 
the n-bytil-2-cyanoacrylate adhesive as a procedure for 
tube obstruction known as a safe and effective method for 
obstruction of digestive, urinary and pulmonary fistulas 
12-14. The studies are outdated about the application of 
cyanoacrylate adhesive for tube obstruction 23, 24 and 
the studies in humans are rather contradictory 16. We 
observed that the use of n-bytil-2-cyanocrylate within 
sheep uterine tubes proved efficacious to obstruct the tubes 
in all animals of the group AD and rendered them sterile. 
The substance does not induce significant morphological 
changes, nor absorption of the adhesive patch was reported 
12-14. Our data suggested that this technique may be safe 
as no side effects were observed on the obstructed sheep, 
and these findings are supported by data of other studies 
6, 7. In addition, as had shown by other report25 there 
was no problems related to fertility after the uterine and 
tubal hysteroscopic manipulations and saline solution 
introduction.  The tube ligation group (group L) presented 
many local adherences around the surgical area. This side 
effect occurred in 66.6% of the tubes in group L, being 
the tubes in group AD free of adherences (0% cases). 
Regardless the controversy, some authors have considered 
the adherence to be the etiology of abdominal pain in the 

post-surgical period 26. Furthermore, in our study the 
adhesive patch did not induce any important inflammatory 
response, necrosis of mucosa, or intramural fibrosis. In 
fact, this inflammatory process did not cross the mucosa 
and upon macroscopic analysis no changes in the serosa 
portion of the tube, and then no peritoneal adherence 
was observed. The patch dimension was 0.5 cm and 
the reactive area was less than 0.8 cm. This could be an 
additional advantage in case the obstruction of the tube 
must be removed. The enlargement of the diameter of the 
uterine tube close to the adhesive patch may occur because 
of the increase of the peristaltic waves.  Some authors 
have shown similar results using rabbits in short (30 days) 
or long-time observations (180 days)27 being possibly 
handicapped by the fact that the small dimensions of the 
tubes in these studies made it difficult to readily perform 
adherence analyses. Conversely, the tubes in sheep are 
very similar to those in humans 28 allowing us to compare 
the results from a clinical standpoint.

Conclusion 

The hysteroscopic insertion of cyanoacrylate in the 
uterine tube lumen of sheep was effective to obstruct the 
uterine tube and to promote the sterilization.
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