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ABSTRACT

The 1-2% of pregnant women undergo surgery for pregnancyunrelated conditions, such as appendicitis, cholecystitis,
intestinal occlusion or adnexal mass complications. The early
diagnosis and treatment of acute abdomen in pregnant woman
are complicated by the physiological and anatomical changes
of pregnancy, that make more problematic to recognize
early signs of emergent conditions. Moreover, the fear of
performing potentially dangerous diagnostic procedures
contribute to further delay diagnosis and therapies.
In case of acute non-obstetric surgical pathology, conservative
management may adversely affect pregnancy outcomes, and
surgical intervention should not be deferred only because of
the gravid status or the gestational age. Non-obstetric surgery
in pregnant patients has been proved to be safe if performed
by a team composed by skilled surgeons and obstetricians,
and both laparotomic and laparoscopic techniques can be
applied if physiological and anatomical changes of pregnancy
are considered, and appropriate adjustments are made by the
anaesthesiologist.
Nevertheless, in many hospital settings there is still a lack
of knowledge, and many obstetricians and surgeons are
reluctant to practice surgery in pregnant patients, especially
laparoscopy. However, the recent available evidence supports
non-obstetric surgery’s safety and efficacy, although more
data are still needed to make strong recommendations and
guidelines.

SOMMARIO

Circa l’1-2% delle donne in gravidanza vengono sottoposte
a chirurgia per patologia acuta non ostetrica, come
l’appendicite, la colecistite, l’occlusione intestinale o le
complicanze di una massa annessiale. La diagnosi e il
conseguente trattamento precoce dell’addome acuto in
gravidanza sono resi più complessi dai cambiamenti che si
verificano durante la gravidanza stessa, e che rendono più
problematico il riconoscimento dei sintomi e dei segni legati
a tali condizioni. Inoltre, la paura di eseguire procedure e test
diagnostici potenzialmente dannosi per il feto contribuisce a
ritardare ulteriormente la diagnosi.
In caso di patologia acuta non ostetrica, la gestione
conservativa proposta in passato si è dimostrata influire
negativamente sugli esiti della gravidanza, e l’intervento
chirurgico urgente non deve essere rinviato a causa dello
stato gravidico o dell’epoca gestazionale. Tale chirurgia ha
dimostrato di essere sicura se eseguita da un team altamente
specializzato composto da chirurghi e ostetrici esperti, e sia
l’approccio laparotomico che laparoscopico possono essere
usati senza conseguenze materne o fetali, in particolare
quando si considerano i cambiamenti fisiologici e anatomici
della gravidanza e gli anestesisti effettuano gli opportuni
aggiustamenti.
Tuttavia, anche se le evidenze disponibili supportano
la sicurezza della chirurgia, più dati sono necessari per
raccomandazioni e linee guida definitive.
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Surgical approach represents the gold
standard management in several conditions, for
benign(1,2) as well as malignant(3,4) diseases. Nonobstetric surgery during pregnancy represents
an important concern for both obstetricians and
surgeons. According to the National Institute
for Health Research, about 1-2% of pregnant
women undergo surgery for pregnancyunrelated conditions, such as appendicitis,
cholecystitis, intestinal occlusion or adnexal mass
complications(5,6). Limited evidence is available
in the literature, and specific international
guidelines have never been raised consensus
regarding the surgical management of this
particular population(7).
In the last decades, some observational
studies showed that surgery during pregnancy
is related to specific additional complications,
such as premature delivery (8.2%), miscarriage
(from 5.8% to 10.5% if surgery took place in the
first trimester), and stillbirth (2%)(8); although in
these studies a comparison with women who
did not undergo surgery was not performed.
Nevertheless, as a result of the surgical
progress and the increasingly frequent use of
a multidisciplinary approach in the field of
obstetrical care(9,10), it is imperative to not deny
or delay any necessary urgent surgical treatment
in pregnant woman regardless of gestational
age, because the delayed treatment seems to
adversely affect pregnancy outcomes and foetal
health. Conversely, the elective surgery can and
should be postponed after the delivery.
In this context, the multidisciplinary approach
is mandatory. Before proceeding any surgical
intervention in pregnancy, it is necessary for
the obstetrician to consult with the general
surgeon, especially if the latter is experienced in
pregnancy-related surgery and can suggest the
best surgical approach to use (laparoscopy or
laparotomy).
Moreover, anatomic and physiologic
pregnancy-related modifications and the concerns
about the foetus may require changes in the
anaesthetic and surgical procedures. Therefore,
the anaesthesiologist and the neonatologist
play both a pivotal role to coordinate the most
appropriate management(7).
Lastly, it is important to underline that the
clinical characteristics of surgical pathologies
during pregnancy may differ from those of a
non-pregnant patient, and this could lead to
an incorrect or delayed diagnosis that may
complicate clinical course of pregnancy.

Non-obstetric surgery during pregnancy

INDICATIONS FOR
DURING PREGNANCY

SURGERY

The definition of “acute abdomen” refers generically
to any serious acute intra-abdominal condition
associated with pain, tenderness, and muscular
rigidity, for which an emergent surgical intervention is
mandatory(11). Acute abdomen can occurs in pregnancy
and its aetiologies are usually divided into obstetric or
non-obstetric causes.
As previously mentioned, non-obstetrical surgical
interventions impact up to 2% of all pregnancies(12,13).
The early diagnosis and consequent treatment of acute
abdomen in the pregnant woman are complicated by
the physiological and anatomical changes occurring
during pregnancy, since they make more problematic
to recognize early signs of emergent conditions(14).
Moreover, the fear of performing potentially dangerous
diagnostic procedures and tests contribute to the high
complication rate in this population, making diagnosis
and therapies even more delayed.
The most common causes of acute abdomen
in pregnancy are appendicitis, cholecystitis, bowel
obstruction, adnexal mass complications (ovarian
torsion and tumours) and abdominal trauma (Table 1).
Table 1
Indications for non-obstetric surgery during pregnancy
Indication
Appendicitis
Cholecystitis
Bowel
obstruction
Adnexal
torsion

Trauma

Incidence
1 in 1500 pregnancies(15,19)
1 in 1500 to 1 in 10000 pregnancies(26–28,124)
1 in 1500 to 1 in 3500 pregnancies(34)
1 in 3000 to 1 in 4000 pregnancies(45–47)
The 6 to 7% of all pregnancies are
complicated by trauma, but the incidence
of life-threatening trauma needing
emergent intervention is 0.3 to 0.4%(125,126)

Appendicitis. It is the most frequent
indication for surgical procedures performed
during pregnancy, being suspected in 1/800
pregnancies and confirmed in nearly 1/1000–2000
pregnancies(15–19). Overall, appendicitis contributes
to the 25% of surgical interventions during
pregnancy. Many Authors reported different
percentages for its frequency throughout the
pregnancy, showing no difference in the various
trimesters; although a recent cohort analysis found
that it occurs more frequently during the second
trimester(15).
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Clinical characteristics in pregnancy may be
confounding. The classical right lower quadrant
pain (on Mc Burney’s point) and the typical
peritoneal irritative reaction (Blumberg’s sign)
may be altered, especially in the advanced
gestational ages, due to the relaxed and stretched
abdominal wall. The Adler’s sign instead may
be useful as much as in non-pregnant women.
As pregnancy progresses, it was supposed
that the bowel and the appendix get displaced
laterally and upward, supporting the previous
concept that in pregnancy the pain referred to
appendicitis was typically reported in the right
upper quadrant (15,20,21). Nevertheless, recent
studies show that the appendix does not migrate
up as pregnancy advances, and the right lower
quadrant pain is the most common symptom in
this population, as in the non-pregnant one(11,18,22).
Imaging plays a key role in the diagnosis
of appendicitis. Ultrasound (US) scan has a
sensitivity of 67%–100% and a specificity of 83%–
96% in detecting appendicitis in pregnant women.
Computed Tomography (CT) has been found to
have a sensitivity of 86% and specificity of 97%
in the same population(23) Magnetic resonance
imaging (MRI) is recommended as the second line
imaging in case of inconclusive US, due to its low
dose of radiation exposure compared to CT(24,25).
The definitive treatment for acute appendicitis
is surgery, taking into account that foetal loss
occurs in 3%–5% of pregnant patients without
perforation and up to 36% in perforated women(14).
Nowadays, laparoscopic appendectomy is
preferred instead of open appendectomy.
Cholecystitis. The incidence of cholesterol
gallstones abruptly rises during pregnancy,
due to the physiological and hormonal changes
induced by gravid state. According to recent
studies, the incidence of gallstone-related disease
in pregnant women is about 0.05 to 0.33%, and
only 1.2% of pregnant women with gallstones
becomes symptomatic(26–29). Acute cholecystitis
is usually related to the presence of these
gallstones. The clinical characteristics do not
differ from those of non-pregnant women and
clinical diagnosis is usually straightforward with
the typically positive Murphy’s sign. US is the
imaging tool of choice, with a sensitivity of more
than 95%(30,31). Since there is no consensus about
the treatment of acute cholecystitis in pregnant
women, more extensive data are needed. In
the past, some Authors argued that in the
absence of serious complications, conservative
treatment could be preferred over operative
management. The first consists in bowel rest,
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intravenous fluids, analgesic therapy and broadspectrum antibiotics. Conversely, according to
the most recent studies conservative approach
is associated with higher relapse rates and foetal
complications, and laparoscopic cholecystectomy
is considered superior to non-operative
management in the treatment of symptomatic
cholecystitis(11,32,33).
Bowel obstruction. Small bowel obstruction
(SBO) is extremely rare during pregnancy (nearly
0.001-0.003% of pregnancies). It is mainly caused
by adhesions from previous abdominal surgery
(70% of cases) and secondly by hernias, tumours,
volvulus and intussusception (34) . Another
significant cause of intestinal obstruction is
previous major surgery for obesity (namely, the
bariatric surgery), which has become widespread
among young women of childbearing age, or
endometriosis(35–37); as a result, today the general
surgeon has to face more frequently SBO in
young pregnant women(38–40). Clinical diagnosis
results often difficult because symptoms are
usually ascribed to the pregnant state. Urgent
CT and MRI are commonly used to establish the
correct diagnosis and to determine the aetiology
of SBO(38–40).
Traditionally, it was advised to treat pregnant
women conservatively avoiding surgery.
Nevertheless, recent studies recommend
the surgical intervention in case the initial
conservative and supportive approach fails,
taking into account that the overall rate of foetal
loss is 17% and the maternal mortality rate is
about 2%(41–43). Laparotomy is usually performed
by a midline incision to allow secure access to the
coelomic cavity with a minimal handling of the
uterus.(11)
Adnexal mass torsion. Adnexal torsion (AT)
are not rare in non-pregnant state(44). The most
frequent cause of ovarian torsion or AT during
pregnancy is represented by functional ovarian
cysts, accounting for nearly 2.7% of emergent
surgical interventions performed during
pregnancy. Although the AT incidence during
pregnancy is not defined, it is assumed to range
between 0.2% and 22%, and it appears more
frequent if ovulation has been pharmacologically
induced (45–47). AT can happen during every
trimester, and early diagnostic and therapeutic
laparoscopy is important in order to preserve
maternal and foetal well-being. If a misdiagnosis
occurs, AT can lead to ovarian necrosis up to
sepsis with serious complications for the foetus,
such as spontaneous abortion. Laparoscopic
detorsion is usually a safe procedure also in
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advanced gestational ages; ovariectomy instead
is indicated if ovarian necrosis occurs.

PHYSIOLOGICAL CHANGES OF
PREGNANCY: POTENTIAL PITFALLS
FOR MISDIAGNOSIS
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Pregnancy is characterized by many
anatomical and physiological modifications that
start to develop early in the first trimester. These
changes can make difficult to recognize early
signs of emergent conditions in pregnant women,
who may have just blurred symptoms. This is the
main reason explaining the common diagnostic
delay of acute abdomen in pregnancy and the
consequent delay of surgical intervention.
The plasma volume increases of about 50%,
but this does not correspond to a simultaneous
increase in the number of circulating blood cells,
resulting in a pregnancy-induced anaemia. The
increased plasmatic volume allows pregnant
woman to face the significant blood loss that may
occur during the delivery without any symptoms
of shock, until late stages(48,49).
Since the utero-placental circulation has no
autoregulation, pregnant women cardiac output
increases to maintain blood pressure. This is
made possible by the increased heart rate by
15-25% and the increased stroke volume by 2030%. Central venous pressure and pulmonary
capillary wedge pressure do not undergo any
variations. During the course of the pregnancy,
the gravid uterus is displaced cephalad and
laterally so that it can cause aorto-caval
compression and supine hypotensive syndrome,
characterized by hypotension, tachycardia
followed by bradycardia, sweating, pallor and
nausea(50).
Moreover, a state of hypercoagulability is
common during pregnancy, and this could lead
to thromboembolic complications. Leukocyte
count gradually rises (usually up to 1200015000/mm3 and in some cases also up to
25000/mm3), but with no changes in immune
capacity(51,52). This leucocytosis can simulate an
acute inflammatory process, or mask it.
With regard to respiratory system,
progesterone levels induced by pregnancy
determine an increase in tidal volume and an
increase in oxygen consumption. The respiratory
rate instead increases slightly (1–2 breaths/min),
with an equivalent rise in alveolar ventilation.
Consequently, a mild respiratory alkalosis not
fully compensated by the reduction in serum
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bicarbonate is characteristic of the pregnant
condition(53). As a result of these physiological
changes, a mild dyspnoea and a sense of
breathlessness are commonly described by 70%
of pregnant women from the beginning of the
first trimester.
For what concern gastrointestinal (GI)
physiology, progesterone decreases the enteric
contractile activity and slow down intestinal
transit resulting in constipation. Moreover,
it decreases the tone of lower oesophageal
sphincter (LES), resulting in the commonly
experienced gastroesophageal reflux(54).
Another typical pregnancy-related sign is
the rise of renal blood flow with the consequent
increased glomerular filtration rate (GFR), that
result in a decreased serum creatinine (the cut off
for normality is 0.4–0.8 mg/dl). The dilatation
of ureter and hydronephrosis occur frequently
during pregnancy, due to hormonal changes and
external compression by the gravid uterus(55).
All these physiological changes related
to pregnancy allow to understand why the
symptoms of non-obstetrical surgical pathologies
in pregnant women are often confused with
those characteristics of pregnancy. Moreover, too
often the obstetrician does not have the global
vision that would be useful to make a prompt
diagnosis of a non-obstetrical problem. It is
necessary to have the skills to understand when
the problem is non-obstetric and referring to a
surgeon with experience in surgical procedure
during pregnancy. For that reason, moving
the patient in a tertiary referral hospital with
expertise about surgical procedures in pregnant
women is suggested.

DIAGNOSTIC IMAGING DURING
PREGNANCY

Radiological imaging during pregnancy
represents a critical issue, that is currently still a
source of debate. The main concern is the effect
of ionizing radiation on the developing foetus,
which can result in early pregnancy loss, foetal
death, foetal growth retardation, microcephaly,
malformations, central nervous system (CNS)
defects and childhood tumours, especially
leukaemia. It is important to consider that an
embryo is more vulnerable to radiation during
organogenesis (which occurs between 2 and 7
weeks after conception) and in the early foetal
period (between 8 and 15 weeks after conception)
compared to the following gestational ages(56–58).
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Indeed, the period between 10 and 17 weeks of
gestation is the most susceptible one for CNS
teratogenesis(58).
The maximal cumulative radiation dose to
the foetus, recommended by the mayor societies
such as the National Council of Radiation
Protection and Measurements and the American
College of Radiology, should be less than 50100 mGy during pregnancy(59,60). More than 99%
of foetuses exposed to radiation doses less than
20 mGy are healthy(61,62). The American College
of Obstetricians and Gynaecologists recognized
Table 2
Foetal radiation dose and estimated threshold dose upon different
gestational ages provided by different imaging procedures(58,63,69)
Diagnostic
procedure

Foetal radiation
dose (mGy)*

Chest X-ray

0.0005–0.01

threshold

Abdominal X-ray

0.1–3.0

Early gestation
(the first 2 weeks
after conception)
→ 50-200 mGy

Chest CT or
CT pulmonary
angiography

0.01–0.66

Organogenesis
(2–7 weeks after
conception) →
200-250 mGy

Abdominal CT

1.3–35

Pelvic CT

10-50

18F PET/CT
whole-body
scintigraphy

10-50

Early foetal
period (8-15
weeks after
conception) →
60–310 mGy

*Foetal ionizing radiation exposure depends on gestational age,
maternal body habitus and acquisition parameters.

that a ionizing radiation dose less than 5 rads
has not been related with foetal complications,
whereas a dose of 10-20 rads has been associated
with foetal compromise(63,64) (Table 2).
On the other hand, if a pregnant woman is
affected by an acute abdominal pain, the foetal
outcome depends on the well-being of the
mother and on the prompt diagnosis (that may
necessitate of specific imaging techniques) and
treatment.
The radiological diagnosis usually involves
US, CT, and/or MRI. Women should be
counselled before exposure to radiation and
give their approval. Misperception about the
safety of these procedures in pregnant women
frequently causes a needless avoidance of
advantageous imaging techniques. US and MRI
are the imaging technique of choice during

pregnancy because they are safe and are not
associated with teratogenesis.
According to the Society of American
Gastrointestinal and Endoscopic Surgeons
(SAGES) guidelines, US is considered the first
step in the diagnostic process(65). It is considered
safe and rapidly available. However, US is
operator-dependent and can be easily limited by
the patient habitus and the overlapping tissues.
US sensitivity is up to 80%, whereas specificity
reaches 94%. In 30% of patients with negative
US imaging, other imagining techniques usually
provide supplementary information(66).
Although CT scan is not the recommended
first imaging technique during pregnancy,
it has a key role when emergent situations
occur, or after an abdominal trauma, or when
a pregnant woman is affected by an acute
abdominal pain and US scan do not provide
diriment information, or when MRI is not
available (67) . The iodinated contrast media
can be administered because no mutagenic
effects have been described after its use. The
only potential harmful effect of iodinated
contrast media within the foetus is represented
by transitory thyroid function depression.
For this reason, newborns screening for
hypothyroidism is a good practice, and this
check is even more fundamental in women who
has received iodinated contrast medium during
pregnancy(68).
Usually, pelvic CT radiation dose for the
foetus is about 20 mGy but, since radiation
exposure depends on the number of scan and
adjacent image sections, it can reach nearly
50 mGy when a combined abdomen and
pelvic scan is needed (65,69). Nevertheless, in
case of acute processes such as appendicitis
or bowel obstruction during pregnancy, the
maternal benefit from using such a radiological
procedure may overcome the supposed foetal
risk of ionizing radiation exposure.
Actually, MRI is considered a safer option
respect to CT scan, since it provides high
quality information without ionizing radiation
exposure and can be performed at any
gestational age. Therefore, when available, MRI
should be preferred to CT scan in pregnant
women with acute abdominal pain(70–72).
The US Food and Drug Administration
stated that intravenous gadolinium is a class
C agent having the capacity to cross the
placenta. Although there are no sufficient data
in literature to confirm whether gadolinium
contrast has adverse consequences on the
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foetus, its use during pregnancy should be
avoided or performed only in selected cases
when strictly essential for the health of the
mother(68,73).

PERI-OPERATIVE MANAGEMENT
AND ANAESTHESIA
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Once the diagnosis of a non-obstetric disease
in a pregnant woman is confirmed, and urgent
surgical intervention turns out to be the most
appropriate therapeutic approach, it is important
to choose the most suitable surgical technique
(laparotomy or laparoscopy) and correctly
prepare the women to the surgery. A pregnant
woman undergoing a surgical treatment should
be evaluated preoperatively similarly to a nonpregnant patient.
In case of elective surgery, this should be
deferred after delivery. Conversely, urgent surgical
intervention should not be denied on the basis
of gestational age, since accumulating evidence
suggests that benefits of the surgery overcome the
foetal risk. Although traditional recommendation
suggests avoiding the first and third trimester to
reduce the percentage of abortion and preterm
labour, with most interventions performed during
the second trimester(46), the most recent evidence
does not confirmed them, recommending to
perform surgery at any time during pregnancy
when necessary and regardless of the gestational
age(74,75).
During the time of intervention, it is essential
for the obstetric care provider to be present in the
institution, so that an emergent caesarean section
could be done in case of maternal complications or
foetal distress; moreover, neonatal and paediatric
support should be rapidly accessible in the same
health care centre.
Assumed the potential risk of some nonobstetric procedures for preterm labour and
delivery, some Authors advocate the benefit of
corticosteroid administration before intervention
for foetuses at viable premature gestational ages(7).
Preoperative and postoperative foetal heart rate
monitoring with cardiotocography is considered
the current gold standard for urgent abdominal
intervention after 24 weeks of gestation, with no
need for intraoperative monitoring, because no
foetal heart rate anomalies have been reported
during surgical procedure(65,75,76). In women before
24 weeks, confirmation of foetal well-being can
be achieved with the US foetal heart beat in the
immediate postoperative period.
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Compared to the past, to date tocolysis is no
longer used prophylactically before any type of
surgery, but it is contemplated when threatened
preterm labour is suspected. The specific tocolytic
agent can be chosen independently on a case-bycase basis(77–79).
Since pregnancy determines a hypercoagulable
state, prophylaxis for deep venous thrombosis is
recommended in pregnant women undergoing
surgical intervention. Moreover, insufflation
of CO2 to induce pneumoperitoneum could
even worsen the hypercoagulable state typical
of the pregnant state, due to the venous stasis.
Deep venous thrombosis prophylaxis implies
the use of pneumatic compression devices and
early postoperative mobilization. In addition,
prophylactic administration of low molecular
weight heparins may be recommended(19,80,81).
Regarding the intraoperative patient
positioning, left lateral decubitus position appears
the most appropriate in case of pregnant women
undertaking surgery after the first trimester, with
the aim to diminish aorto-caval compression
induced by the gravid uterus(82,83).
Anaesthesia in a pregnant patient is another
key point to be taken into account, since
pregnancy determines changes in anaesthetic
drugs metabolism and physical and mechanical
modifications in women, which can complicate
anaesthesiologist manoeuvres. The choice of the
type of anaesthetic procedure should be guided
by the type of intervention required; considering
that today laparoscopy is usually preferred to
open surgery, general anaesthesia is the most
frequently applied technique(6). The American
Society of Anaesthesiologists (ASA) suggests that
patients should be fasting from solid food for at
least six hours prior to intervention; as for clear
liquids, they should be avoided for over two hours
prior to surgery.
Ventilation of the pregnant patient has an
increased risk for aspiration and regurgitation
and represents the most critical step in the
anaesthesiologic process. The augmented oxygen
consumption and the concomitant decreased
functional residual capacity induced by the
pregnant state, make the woman more susceptible
to hypoxia caused by respiratory obstruction or
difficult endotracheal intubation. To avoid this
kind of complications, a rapid sequence intubation
with cricoid pressure and a quickly acting muscle
relaxant is suggested. It is necessary to maintain
PCO2 levels balanced in the normal range for
pregnancy; maternal hypercapnia can occur during
deep anaesthesia and can determine the reduction
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of uterine blood flow due to vasoconstriction, and
consequently foetal acidosis. Instead, hypocapnia
induced by excessive positive pressure ventilation
influences maternal haemoglobin dissociation
curve, with a reduction of oxygen release to the
foetal tissues. Uterine vasoconstriction is also
associated with uterine hyper tonus, that may
further decrease uterine blood flow(84,85).
Although randomized clinical studies are not
practicable in pregnant patients due to ethical
reasons and most of our knowledge are based
on animal models, most anaesthetic drugs have
been demonstrated to be innocuous in the clinical
practice. They show teratogenic effects only when
administered at high doses or directly to the
foetus. Local and volatile anaesthetics, induction
drugs, neuromuscular blocking agents and
opioids can be securely used at standard dosages
when the normal physiology of pregnancy is
maintained(86,87).
Besides, it is important to emphasize that
pregnancy is characterized by an increased
sensitivity to volatile anaesthetic drugs;
for example, in animal studies the need for
halogenated agents has been demonstrated to be
decreased up to 40% by the second trimester(86,87).

SURGICAL TECHNIQUES

When a pregnant woman requires a surgical
intervention for non-obstetric reasons, whether
to perform a laparoscopy or an open surgery
is often debated. Historically, laparotomy
was considered the technique of choice, since
surgeons were used to practice open intervention
instead of laparoscopy, which was considered
contraindicated for the potential risk of gravid
uterus damage from Veress or trocars insertion.
Laparoscopy was thought to be hard to perform
for the mechanical presence of the enlarged uterus,
the risk of foetal hypoxia and acidaemia, and the
maternal risk of decreased venous blood return
secondary to induction of pneumoperitoneum(88,89).
Currently, laparotomy is still reserved for
pregnant women with small bowel intestinal
obstruction (SBO), especially due to adhesions
from previous surgery or preceding bariatric
surgery, after the failure of the conservative
management (38,42,90). Also in case of tumours
diagnosed during pregnancy(91), such as vulvar
carcinoma, ovarian tumour, and cervical cancer,
laparotomy appears to be the most appropriate
surgical technique when surgery is required. In
these cases, treatment needs to be individualized,
and if definitive radical surgery is needed, it
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should not be delayed after the delivery(92–95).
Recently, many studies and case reports
have demonstrated the safety of performing
laparoscopic surgery during pregnancy, which
has become a standard procedure. In case of
appendicitis, cholecystitis and adnexal mass
complications, laparoscopy can be safely
performed and, according to recent data,
seems even superior to open surgery(65,75,96–99).
Laparoscopic appendicectomy is the most
common procedure performed during
pregnancy(100,101). Complex surgical procedures, like
adrenalectomy, nephrectomy and splenectomy,
can also be achieved laparoscopically in pregnant
women(102–105). Laparoscopic surgery results safe,
feasible, and effective during pregnancy; foetal
outcomes are more likely to be unfavourably
affected by the underlying disease and
misdiagnosis rather than the procedure itself(106).
Compared to open surgery, laparoscopy has
many advantages(107–109), like shorter operative
times, reduced length of hospital stays, fewer
surgical complications, less postoperative
wound infection and ileus, less postoperative
pain and earlier return to normal activity
and mobility, which is crucial in preventing
thromboembolism(110), even in pregnancy(46,111–114).
Some data suggested that open surgery rather
than laparoscopy seems to have an increased
risk for obstetric and foetal complications,
such as preterm labour, preterm delivery, and
abortion(29). Conversely, other studies show, for
example, that laparoscopic appendicectomy
has higher rates of foetal loss rather than open
appendicectomy(106,115,116). Therefore, other studies
are needed to make stronger recommendations.
With regard to the surgical laparoscopic
technique, the primary abdominal access can
be carefully accomplished by skilled surgeons
with an open procedure (Hasson technique), a
Veress needle, or an optical trocar technique(117).
As for Veress needle, instead of using the default
periumbilical site of insertion, it can be positioned
in alternative and safer points, based on the
gestational age. One of this substitute points is the
Palmer’s point, sited in the upper left quadrant,
which is the second most common insertion site
used in laparoscopy. Another different point
is named Latif’s point, that is sited in the right
angle between the xiphoid process and the right
costal margin. Instead, the Lee-Huang’s point is
the midpoint between the umbilicus and xiphoid
process. All these alternative points can be used
as other site of Veress insertion or otherwise for
trocars or camera site insertion, especially in
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pregnant patients(12,118–122).
Comparing to Veress needle procedure, the
Hasson open technique is easier to perform,
with no difference in surgical time, and it avoids
the possibility to cause pneumoamnion, which
determines fatal consequences for the fetus(123).
Therefore, changing the site of initial
abdominal access on the basis of uterine fundal
height, using both Veress and Hasson techniques,
has been demonstrated to be safe and effective
during pregnancy and central to avoid potential
injury to the uterus or other intra-abdominal
organs.
In order to avoid other complications of
laparoscopic procedure in pregnant patient, such
as potential foetal acidosis and foetal instability
induced by CO2 insufflation, it is important to
maintain pneumoperitoneum pressure stable at
values of about 10-15 mmHg, which have been
demonstrated to be safe and without complications
both for the mother and the foetus(33,65,106).

CONCLUSIONS

Non-obstetric surgery in pregnant patients has
been proved to be safe if performed by a highly
specialized team composed by skilled surgeons
and obstetricians. When a pregnant woman
suffers from an acute abdominal pain, whose
non-obstetric origin has been demonstrated,
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