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Abstract

Aim Adnexal torsion is an infrequent and serious gyne-
cologic surgical emergency. Adnexal torsion may result
from pre-existing tubal or ovarian pathology or hyper-
stimulation of the ovary during ovulation. Early diagnosis
and emergency surgical treatment (detorsion) are important
to preserve fertility and to prevent peritonitis or loss of the
adnexa. However, during reperfusion, tissue damage is
more severe than during ischemia because of oxygen-
derived radicals. The present study aimed to investigate the
protective effect of gradual detorsion on adnexal torsion.
Materials and methods Twenty-one adult female rats
were divided into three groups as sham-operated (Sh group,
n = 7); torsion + detorsion (TD group, n = 7); and tor-
sion + gradual detorsion (TGD group, n = 7). A midline
laparotomy was performed under anesthesia. In the TD and
TGD groups, the left adnexa along with tubal and ovarian
vessels were twisted three times in a clockwise direction
and fixed to the abdominal wall. After 30 h, detorsion was
performed on the mesenteries of both TD and TGD groups.
In the TGD group, however, detorsion was performed
gradually: the ovarian mesentery was detorsioned 360°,
followed by a 5-min pause, then a repeat of the cycle
until full detorsion was achieved. Rats were killed 1 week
later. Left ovaries were removed and evaluated
histopathologically.
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Results The histopathological mean grade was signifi-
cantly higher in the TD than in the TGD group (p < 0.05).
Conclusion Gradual detorsion can reduce reperfusion
injury in a rat model of ovarian torsion. This method is
easily applicable and may be a useful method for human
patients with ovarian torsion.
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Introduction

Torsion of the ovary is a surgical emergency. It may occur
in normal ovaries, but is more frequently associated with
pre-existing ovarian masses, which are believed to poten-
tiate the chance of torsion. It is most common in premen-
archal girls and women of reproductive age [1, 2]. The
degree and length of torsion are important factors for
management and prognosis. Early diagnosis and immediate
surgical correction are required to preserve fertility and to
prevent loss of the adnexa [3, 4].

A decrease in blood flow to an organ or tissue causes
hypoxia, resulting in elevated levels of lactic acid, hypo-
xanthine, and lipid peroxides. An increase in blood flow
after lipid peroxidation leads to the formation of a large
amount of oxygen-derived free radicals, which cannot be
eliminated by enzymatic antioxidant defense systems such
as superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GSH-Px). Paradoxically, therefore,
reperfusion causes further damage in the ischemic tissue
and is known as reperfusion injury [5-7].

Surgical management of ovarian torsion includes de-
torsion of the twisted segment, and if torsion is recognized
before infarction, normal blood flow can be restored [8].
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However, following detorsion, the reperfusion injury
resulting from the large amounts of oxygen-derived free
radicals leads to more tissue damage than the initial
ischemia [6, 7].

Reperfusion injury thus plays a major role in ovarian
damage-related to torsion of the ovary [4]. A variety of
mechanisms have been described to prevent tissue damage
during ischemia-reperfusion. It has been reported that
gradual detorsion prevented reperfusion injury in the tor-
sioned rat testis. We aimed to apply this method for tor-
sioned adnex in an effort to provide a protective measure
against ischemia—reperfusion injury.

The aim of the present study was to investigate the
protective effect of gradual detorsion on adnexal torsion.

Materials and methods

The present experimental study was conducted at Adnan
Menderes University. The study procedure was approved
by the Local Ethics Committee. Twenty-one randomly
selected adult female Wistar rats weighing between 200
and 300 g were used. Rats were maintained on a standard
diet and water ad libitum, in a temperature- and light-
controlled room. They were randomly divided into three
groups as sham-operated (Sh group, n = 7); tor-
sion + detorsion (TD group, n = 7); torsion + gradual
detorsion (TGD group, n = 7).

Briefly, the rats were anesthetized with an intramus-
cular injection of ketamine (50 mg/kg) and xylazine
(3 mg/kg) and allowed to breathe room air spontaneously.
A midline abdominal incision was performed. In the TD
and TGD groups, the left adnexa along with tubal and
ovarian vessels were twisted three times (1,080°) in a
clockwise direction, and fixed to the abdominal wall.
Since Doppler measurement showed partial flow at the
360° twisted adnexes, we twisted the adnexes three times
to make sure that blood flow was totally occluded [9].
The abdominal wall was closed using interrupted 4/0
nonabsorbable sutures. Changes due to ischemic injury
were shown to begin after 24 h of ischemia. For this
reason we chose to wait for 30 h to detorse the twisted
adnex. After a waiting period of 30 h, the rats were re-
anesthetized, the detorsion was performed on the ovarian
mesentery in the TD group. In the TGD group, detorsion
was performed on the ovarian mesentery for a single 360°
turn, followed by a 5-min waiting period, and this process
was repeated until full detorsion was achieved. In the Sh
group, the procedure included mobilization of the ovary
under anesthesia without torsion, followed by a waiting
period of 30 h. One week after detorsion, all rats were
killed, and the left ovaries were removed and evaluated
histopathologically.
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Histopathologic evaluation

The specimens were fixed in 10 % formalin solution and
then embedded in paraffin. The tissue samples were stained
with hematoxylin and eosin (H&E). Specimens were
evaluated by a single pathologist in a blinded fashion.
Ovarian tissue damage was graded according to the scoring
system described by Celik et al. [4]: Grade 0, normal;
Grade 1, mild edema and vascular congestion, no hemor-
rhage and leukocytic infiltration; Grade 2, moderate edema
and vascular congestion, no hemorrhage and leukocytic
infiltration; Grade 3, severe edema and vascular conges-
tion, minimal hemorrhage and leukocytic infiltration;
Grade 4, severe edema, and vascular congestion, presence
of hemorrhage and leukocytic infiltration.

Statistical analysis

Histopathologic score was evaluated by Chi-squared test.
SPSS 14.0 for windows was used for statistical analyses.

Results

All rats were well fed and in normal activity throughout the
study period. All adnexes were found in totally detorted
position at the time of re-laparotomy after 1 week. Mac-
roscopically, torsioned ovaries were in cherry-red color and
had hemorrhagic appearance. Ovarian sections were
assessed for tissue damage. The histological changes,
graded as described by Celik et al. [4], are summarized in
Table 1. The histologic grades for the ovaries of the TGD
group were lower than those for the TD group (p < 0.05).
The majority of the TGD group were Grade 1 and the
majority of the TD group were Grades 2 and 3.

Figures 1, 2 and 3 illustrate the morphology of the
ovaries from the three groups. The ovaries from the Sh
group had a normal appearance (Fig. 1). Microscopic
examination of the ovaries in the TD group revealed
edema, vascular congestion and leukocytic infiltration
(Fig. 2). Compared with TD group, edema, vascular

Table 1 The distribution of histological grades of the ovaries in all
groups

Group Grade 1 Grade 2 Grade 3 Grade 4
Sh 7 0 0 0

D 0 4 2

TGD 5 1 0 1

Sh Sham-operated, TD torsion + detorsion, 7GD torsion + gradual
detorsion

* p < 0.05 compared with other groups
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Fig. 1 Sham group showed normal ovarian morphology (H&E,
x400)

Fig. 2 Most of the specimens showed Grade 2 and 3 score in the TD
group (H&E, x400). There was significant neutrophilic infiltration
(arrow)

congestion, hemorrhage and leukocytic infiltration were
lower in the TGD group (p < 0.05) (Fig. 3).

Discussion

Torsion of the adnexa is the fifth most common surgical
emergency in women of all ages. It is frequently observed in
women of reproductive age and premenarchal girls and in
association with a pre-existing ovarian mass. Such masses
are believed to potentiate the chance of torsion [1, 10].
Oxygen-derived free radicals are produced in tissues and
are scavenged by enzymatic antioxidant defense systems
such as SOD, CAT, and GSH-Px [5]. When the blood flow is
interrupted, free radicals lead to significant tissue injury [11].

Fig. 3 Most of the specimens showed Grade 1 score in the TGD
group (H&E, x400). Most of the ovarian structures were protected.
There was mild congestion (arrow)

Following reperfusion, large amounts of oxygen-derived
free radicals lead to tissue damage and systemic complica-
tions may occur due to inflammatory responses [6, 7, 12].
Therefore, tissue damage that occurs during reperfusion is
more severe than that which occurs during ischemia [7]. The
degree of ischemia—reperfusion injury depends on the bal-
ance between oxygen free radicals and antioxidants [13].

Torsion of the ovarian vascular pedicle results in a
compromised arterial supply and obstruction of venous and
lymphatic drainage, which can cause ischemia and then
infarction. Generally a twisted adnexa with a “black-blu-
ish” or necrotic appearance is encountered during surgery,
supporting the traditional approach of salpingo-oophorec-
tomy [14]. However, recent reports have advocated the
more conservative approach of releasing the pedicle and
evaluating the tissue reperfusion [3, 14]. Taskin et al. [2]
induced ischemia in rat ovaries for 4, 8, 12, 18, 24 and
36 h. At the end of the ischemic period they removed the
ovaries and examined them histopathologically and bio-
chemically. They found severe hemorrhage with infarct in
the 24-36 h groups. The ovarian damage mostly occurred
after 24 h in the study by Taskin et al. [2]; thus, in the
present study we induced 30 h of ovarian ischemia.

As the majority of patients are in the reproductive age
group, early diagnosis may prevent ovary loss. In contrast to
traditional surgery, conservative interventions, including
detorsion of the twisted segment, have become the treatment
of choice in preserving the adnexa [8, 10, 15]. In this way,
normal blood flow can be restored to the ovary. After per-
forming detorsion to maintain ovarian circulation, a patho-
logical process called reperfusion injury occurs and this is
one of the most important factors in further injury [1, 2].

Reperfusion injury takes place in two phases. The first
phase occurs immediately after reperfusion and extends for
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a few hours. The second phase takes place over a longer
period and is associated with irreversible tissue damage
and inflammation, infiltration of neutrophils and accumu-
lation of macrophages [5, 16].

If oxygen-derived free radicals are a major cause of tis-
sue injury after reperfusion, it should be possible to prevent
the sudden burst of free radical production and thereby to
control damage in the ischemic area. Akcora et al. [17]
performed partial detorsion, followed by torsion and full
detorsion in their testicular torsion model and reported that
gradual detorsion prevented the reperfusion injury in the
torsioned rat testis. In the present study, gradual detorsion of
the ovary was performed in a rat model of ovarian torsion.
The detorsion was performed on the ovarian mesentery for a
single 360° turn, followed by a waiting period of 5 min, and
this process was repeated until achieving full detorsion. The
sudden burst of reactive oxygen species in the first phase of
reperfusion injury along with the resulting tissue damage
were decreased in our model.

In the present study, ovarian tissue damage was graded
according to the scoring system described by Celik et al. [4].
Using this scale, edema, vascular congestion, hemorrhage and
leukocytic infiltration in the TGD group were found to be
much lower compared with those in the TD group (p < 0.05).
For this reason, we considered that gradual detorsion pre-
vented the second phase of reperfusion injury by decreasing
neutrophil infiltration and macrophage accumulation.

In conclusion, gradual detorsion can reduce reperfusion
injury in the rat model of ovarian torsion and also ovarian
damage in both early and late phases of reperfusion. Since
this technique could be easily applied in rat model, it may
also be easily applicable during ovarian surgery in humans.
We therefore recommend further investigation into the
possible use of gradual detorsion as a technique in human
patients undergoing surgery for adnexal torsion.
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