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1. Introduction

Surgical diseases in the pregnant woman remain a diagnostic
and therapeutic challenge. General surgical procedures are
required in approximately 1 in 635 pregnancies, acute appendicitis
and symptomatic biliary disease being the most common
indications [1]. Among the gynecologic conditions requiring
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A B S T R A C T

The minimally invasive laparoscopic approach in the surgical treatment of diseases during pregnancy

has become progressively more accepted and applied. In an attempt to overcome the potential adverse

effects of pneumoperitoneum on the fetus, gasless laparoscopic surgery (GLS) has been developed. This

article reviews the evidence available for the role and effectiveness of GLS in pregnancy. A computerized

literature search was conducted on Medline, Science Citation Index, Current Contents, Embase, and

PubMed databases for English language publications from the first report of GLS in pregnancy in 1995 to

June 2012. Eleven case reports or retrospective series were identified. A total of 44 pregnant women

underwent GLS for various surgical indications. In all cases, the procedures were carried out without

complication, and the women were discharged from hospital with a continuing pregnancy. GLS in

pregnancy has comparable outcomes to conventional CO2 laparoscopy, but it is associated with some

advantages. Hypercarbia and increased intraperitoneal pressure due to CO2 insufflation are avoided. The

use of high-pressure continuous suction may prevent the problems that are potentially associated with

intra-abdominal smoke generated by electrosurgery, which can increase the risk of fetal exposure to

elevated levels of toxic gases. Because this procedure may be performed under regional anesthesia,

avoiding general anesthesia, there is a minimal transplacental passage of anesthetic drugs to the fetus.

The surgeon must be expert in advanced laparoscopic procedures.
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surgery during pregnancy, ovarian cysts, adnexal masses or
torsions are the most frequent. Adnexal surgery accounts for
one-third of laparoscopic procedures performed during pregnancy,
and 56% of these operations are performed in the second trimester
[2].

All these disorders are routinely treated using carbon dioxide
(CO2) laparoscopic techniques in the non-pregnant patient. The
advantages of CO2 laparoscopic procedures over open procedures
in the general population are well described and include
diminished postoperative pain, shorter length of hospital stay,
quicker recovery, a reduced occurrence of thromboembolic events,
and shorter length of postoperative ileus [3]. Despite this, some
surgeons are reluctant to utilize this method when treating a
pregnant woman, especially after the first trimester, because there
are few data showing the safety of operative laparoscopy during
pregnancy [4]. This is probably because of the potential risk to the
fetus due to trocar insertion, CO2 insufflation, and an inadequate
surgical field. In addition, potential risks to the mother consist of
altered physiology of pneumoperitoneum and decreased venous
return to the heart, with possible compromise of the uteropla-
cental perfusion as a result of augmented intra-abdominal
pressure, and fetal acidosis generated by CO2 absorption [3].

Although many technical improvements and adjustments have
been developed to improve security and efficiency of CO2

laparoscopy, numerous studies have reported pathophysiological
or clinical problems related to CO2 laparoscopy in pregnancy.
Indeed, CO2 laparoscopy may create diminution of pulmonary
function, increased pulmonary wedge pressure, ventilation–
perfusion mismatch, visceral vasoconstriction, augmented dead
space, increase of total peripheral resistance, effects on cardiac
output and increase in PaCO2 [5].

In an attempt to overcome the adverse effects of pneumoper-
itoneum, many techniques have been developed to lift the
abdominal wall without gas. With gasless laparoscopic surgery
(GLS) the potential detrimental effects of CO2 pneumoperitoneum
on the fetus can be avoided, while the advantages of reduced
postoperative pain and improved recovery are retained [6]. The
procedures involve the use of two wire loops placed through the
abdominal wall and pulled upward by a mechanical device. The
first generation of abdominal wall lifting devices provided an
intraperitoneal lift [7]. An alternative approach was first described
by Hashimoto et al. [8]: abdominal lifting was provided by
subcutaneous wires. This concept was then developed with the
introduction of new subcutaneous lifting systems for laparoscopic
surgery [9]. The method widely used today is the planar lifting of
the abdominal wall.

Some data suggest that clinical outcomes of gasless laparoscopy
are equivalent to those of conventional laparoscopic techniques,
while providing improved safety. In this paper the published
evidence regarding the use of gasless laparoscopy during
pregnancy is reviewed, focusing on general surgical and gyneco-
logic procedures.

2. Methods

A computerized literature search was conducted on Medline,
Science Citation Index, Current Contents, Embase, and PubMed
databases for English language publications from the first report of
GLS in pregnancy in 1995 to June 2012. Eleven cases reports or
retrospective series were identified.

3. Results

Forty-four pregnant women underwent GLS for various surgical
indications. The largest group of cases (n = 40) was of adnexal
mass, and there were two cases of adnexal torsion, one case of

necrotic uterine leiomyoma and one of acute cholecystitis. The
procedures undertaken included ovarian cystectomy (n = 38),
salpingo-oophorectomy (n = 2), salpingectomy (n = 1), adnexal
detorsion (n = 1), uterine myomectomy (n = 1), and cholecystecto-
my (n = 1). In 25 cases the procedure was performed under
epidural anesthesia. In all cases, the procedures were carried out
without complication, and the women were discharged from the
hospital with a continuing pregnancy.

3.1. General surgical procedures

3.1.1. Cholecystectomy and appendicectomy

A recent retrospective review of both laparoscopic and open
procedures performed on pregnant women showed that CO2

laparoscopic cholecystectomy was as safe and efficacious as its
respective open procedure [4]. In fact, reduced rates of miscarriage
and preterm labor have been reported in association with
laparoscopic cholecystectomy when compared to an open
cholecystectomy [10].

A single case report of gasless laparoscopic cholecystectomy
was identified in our literature search. In order to avoid the
potential problems related to CO2 insufflation while benefiting
from the reduced postoperative pain and improved recovery of CO2

laparoscopic cholecystectomy, Iafrati et al. [11] performed a
gasless laparoscopic cholecystectomy. They used an abdominal
wall-lifting device (Laparofit – Origin Medsystems, Menlo Park,
CA) with J-shaped lifting arms on a 38-year-old woman who was
14 weeks pregnant and suffering from acute cholecystitis. The
procedure was carried out without complication, and the woman
was discharged from the hospital in 24 h with a viable fetus [11].

Traditionally, the surgical treatment of choice for acute
appendicitis during pregnancy has been open appendicectomy.
A recent retrospective review of 65 consecutive pregnant patients,
however, aimed to evaluate CO2 laparoscopic versus open surgery
for suspected appendicitis during pregnancy and demonstrated no
significant difference in fetal losses [12]. No cases of GLS
appendicectomy during pregnancy were identified in our litera-
ture search.

3.2. Gynecologic procedures

3.2.1. Adnexal disorders

3.2.1.1. Adnexal torsion. Several case reports have confirmed the
safety and effectiveness of CO2 laparoscopy in the treatment of
adnexal torsion during pregnancy [10,13,14]. The first case of GLS
for adnexal torsion during a twin pregnancy was reported
subsequently [15]. In 2001 Schmidt et al. described a case of an
acute abdomen related to right ovarian pedicle torsion in the fifth
week of pregnancy. The authors performed GLS using the
Laparofan (Origin, Menlo Park, CA), and the ovary was rotated
into its usual position. The patient was well, and was discharged on
the seventh postoperative day.

Another case of torted hematosalpinx in a woman in the
thirteenth week of pregnancy was treated using the Laparofan
fixed on Laparofit (Origin, Menlo Park, CA) [16]. Römer et al.
performed GLS, detecting a torted 6 cm hematosalpinx, and
successfully carried out salpingectomy using bipolar diathermy.
The patient was well, and was discharged on the fifth postoperative
day.

3.2.1.2. Adnexal masses. Several case reports support the use of
CO2 laparoscopy in the treatment of symptomatic adnexal masses
in each trimester of pregnancy [10]. A retrospective cohort study of
101 pregnant women at 14 weeks or more of gestation undergoing
laparoscopy (n = 50) or laparotomy (n = 51) for management of a
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persistent adnexal mass showed shorter hospital stay, decreased
blood loss, and fewer postoperative complications in the laparos-
copy group compared with the laparotomy group, without
seeming to have a negative effect on the pregnancy [17].

The first study comparing the effectiveness and safety of GLS
ovarian cystectomy during pregnancy with those of conventional
laparotomy was reported in 1999 [6]. GLS ovarian cystectomy was
performed under epidural anesthesia in 17 women between 12
and 16 weeks’ gestation. The procedure was carried out without
any fetal loss. The total doses of analgesics and tocolytic agents
used after GLS ovarian cystectomy were lower compared to those
used after laparotomy.

In another report, seven pregnant women with adnexal cysts at
12–19 weeks of gestation were successfully treated without
complications using GLS ovarian cystectomy under epidural
anesthesia [18].

Another report concerned a woman who was affected by a left
ovarian cyst in the fifteenth week of pregnancy. The cyst was larger
than 60 mm and was located in the pouch of Douglas. An elective
GLS ovarian cystectomy was performed using a Laparofit system
(Tyco Healthcare Japan, Tokyo, Japan). A metreurynter, an
inflatable bag for dilating the cervical canal, was inserted through
the left trocar site into the bottom of cul-de-sac. A volume of
250 mL saline was extraperitoneally inflated into the balloon of
metreurynter. The ovarian cyst appeared spontaneously out of the
cul-de-sac after ballooning the metreurynter in the pouch of
Douglas. This allowed an extraperitoneal cyst enucleation and
ovarian suturing after having aspirated the cyst contents, and the
left ovary was pulled out through the left port site. Histologic
diagnosis was mature cystic teratoma. The subsequent antenatal
and intrapartum course was uneventful [19].

More recently, two other reports of GLS ovarian surgery during
pregnancy have been published. In the first cases series, 13 women
with adnexal cysts at 10–17 weeks of gestation were successfully
treated using GLS ovarian cystectomy under general anesthesia
[20]. Postoperative complications comprised uterine contractions
in three women and vaginal bleeding in four women, but these
symptoms resolved rapidly after surgery. All the cases were
delivered between 37 and 40 weeks of pregnancy. In another
report, elective GLS salpingo-oophorectomy due to a persistent
voluminous left ovarian cyst was performed under general
anesthesia at the fourteenth week of gestation without complica-
tions. The subsequent antenatal and intrapartum course was
unremarkable [21].

There are reports of the use of CO2 laparoscopy in the
management of heterotopic pregnancy [22,23]. More recently,
the first case of heterotopic tubal pregnancy treated using GLS has
been reported [24]. The woman was successfully managed under
general anesthesia at the seventh week of gestation using GLS
salpingectomy of the tubal pregnancy. The subsequent antenatal
course was uneventful.

3.2.2. Gasless laparoscopy for uterine diseases

3.2.2.1. Uterine myomas. Myomectomy performed during preg-
nancy through a laparotomy [25] or conventional laparoscopy
with pneumoperitoneum [26] has been described. To date there is
a single published report of GLS myomectomy during pregnancy
in a woman with a subserosal myoma measuring 7 cm � 7 cm on
the uterine fundus at 24 weeks of gestation [27]. She had acute
abdominal pain with suspected torsion or necrosis of the myoma.
GLS was performed using the Laparotenser device (Lucini Surgical
Concept, Milan, Italy) under epidural anesthesia. A partially
necrotic uterine leiomyoma was detected and the myoma was
removed and successively extracted from the abdominal cavity by
morcellation with a scalpel [28]. Monopolar and bipolar

electrosurgery were not used. The uterine defect was repaired
in a continuous one-layer closure using a conventional long
needle holder. No intraoperative complications occurred, and
there were no anesthesia-related complications. The woman was
discharged on the first postoperative day and the remainder of her
pregnancy was unremarkable.

4. Discussion

Symptomatic gallbladder disease is the most frequent indica-
tion for non-gynecologic procedures during pregnancy. Gallstones
are present in 12% of all pregnancies, and more than one-third of
the symptomatic patients do not respond to conservative medical
management [29]. CO2 laparoscopic cholecystectomy during
pregnancy is preferred because of the good outcomes and low
rate of complications [10]. The single case report of GLS
cholecystectomy demonstrated that the use of abdominal wall-
lifting devices could be supported, since both hypercarbia and
increased intraperitoneal pressure are avoided [11]. Both wire
suspension and retracting arm devices have been used [8]. During
the development phase of these devices, exposure for cholecys-
tectomy has occasionally been problematic, although pelvic
exposure was generally satisfactory. It is suggested that the
addition of a J-shaped lifting arm permits an exposure into the
right upper quadrant essentially equivalent to pneumoperito-
neum, allowing a safe cholecystectomy to be undertaken [11].

The incidence of adnexal masses during pregnancy is 2%. Most
adnexal masses discovered during the first trimester of pregnancy
are functional ovarian cysts that resolve spontaneously by the
second trimester. Expectant management has been suggested for
adnexal masses �6 cm in pregnancy based on an 82–94% rate of
spontaneous resolution. Persistent masses are most frequently
functional cysts or mature cystic teratomas with malignancy
reported in 2–6% [30]. In the event that surgery is indicated,
various case reports support the use of laparoscopy in the
management of adnexal masses in every trimester [31,32]. It
was reported, however, that if maternal respiratory acidosis
occurs, as in pneumoperitoneum, the diffusion of CO2 can cause
fetal hypercarbia and acidosis, and that premature labor can occur
from the increased intra-abdominal pressure [31]. Indeed, several
studies of pneumoperitoneum in a pregnant ewe model showed an
increase in the fetal PaCO2 and a decrease in the fetal arterial pH
[33,34].

In addition to the chemical effects of absorbed CO2, the pressure
effect of pneumoperitoneum may be detrimental to the mother
and fetus; fetal hypoxia can be generated by increased intrauterine
pressure. CO2 insufflation in the pregnant ewe can result in a
reduction of uterine blood flow and an increase in intra-amniotic
pressure [34]. These studies suggest that pneumoperitoneum may
have deleterious effects on the fetus. On the contrary, stable
maternal PaCO2 was observed in patients undergoing GLS [6]. The
use of abdominal wall-lifting devices in the pregnant patient might
be considered because both hypercarbia and increased intraperi-
toneal pressure are avoided with less significant hemodynamic
and respiratory maternal effects [6,18]. In particular, the use of
subcutaneous lift systems [35] is recommended because they
show several advantages over the full-thickness wall lift devices
[36]. First, the surgeon can prevent injury to the gravid uterus.
Second, the subcutaneous lift system can be applied to all patients,
regardless of any history of abdominal surgery or any unexpected
adhesions.

Fetal acid–base balance may also be affected adversely by
reduction in the maternal diaphragmatic excursion and vena caval
flow, both of which may result from the increased maternal
intraperitoneal pressure [37]. An additional potential risk is the
fetal exposure to intra-abdominal smoke, generated by electro-
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surgery and lasers, which can increase the levels of toxic gases, the
most important of which is carbon monoxide [38]. GLS can
facilitate the use of high-pressure continuous suction, preventing
that problem.

It has been proposed that GLS may extend the variety of
gynecologic surgeries, particularly on the adnexa in pregnancy.
Indeed, there is no risk of injuring the pregnant uterus with a
Veress needle or cannula, and no increase in intra-abdominal
pressure. A further advantage is the ability to use conventional
instruments. The uterus can be cautiously manipulated by moving
it with a sponge that is held by a ring forceps [16].

Surgical management of uterine leiomyoma during pregnancy
may be successfully performed in carefully selected patients, but it
can be complicated by injury to the gravid uterus, resulting in
pregnancy loss. The surgeon must therefore be skillful in advanced
techniques of laparoscopic surgery, adopting a safe protocol for the
port placement system considering the size of the pregnant uterus
[39]. An increasing number of reported cases have shown
laparoscopy to be safe in the first two trimesters with good
maternal and fetal outcome. It is recommended that a laparoscopic
myomectomy can be considered a minimally invasive alternative
to traditional laparotomy for selected patients when myomectomy
during pregnancy is unavoidable [26].

GLS myomectomy seems to offer several advantages over
conventional laparoscopy with pneumoperitoneum. Because the
peritoneal cavity does not need to be sealed airtight, conventional
long laparotomy instruments, such as tissue clamps, tenaculum
clamps, needle holders, knives, and scissors can be used. This
facilitates several steps of the procedure. One of the main
advantages is in uterine repair because applying the conventional
curved needle deeply into the myometrium with a laparotomy
needle holder is easier and faster. As previously emphasized [40],
the augmented vascularization and tissue impedance of the
pregnant uterus can amplify the risk of electrosurgical damage.
It is therefore important to avoid the use of monopolar and bipolar
electrosurgery in the myoma resection, as occurred in the only case
of gasless laparoscopic myomectomy during pregnancy reported in
the literature [27].

5. Conclusion

During its early years, some argued that laparoscopy was
contraindicated during pregnancy. The use of the minimally
invasive laparoscopic approach in the surgical treatment of
diseases during pregnancy has, however, become progressively
more accepted and applied as data supporting its safety and
enhancements in use have accumulated. In an attempt to
overcome the potential adverse effects of pneumoperitoneum
on the fetus, many techniques have been developed to lift the
abdominal wall without gas. Limited published data on GLS during
pregnancy show outcome measures comparable to those of
conventional CO2 laparoscopy, but it is associated with some
potential advantages. With this technique the potential deleterious
effects of carbon dioxide insufflation on the fetus are avoided,
while the benefits of diminished postoperative pain and enhanced
recovery are retained. The reported use of GLS in pregnancy is
limited and the surgeon must be expert in advanced laparoscopic
procedures before considering GLS as a safe alternative for his/her
patient.
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