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Abstract

Introduction: The objective of the study is to share the results and development findings on the laparoscopic closure
technique applied in our centre during a 15-year period (1998-2012).

Aim: To compatre statistically the standard parameters (hospitalization, duration of operation) versus conventional
surgery, and at the same time we compared mainly morbidity and mortality.

Material and methods: During the period under review we operated on a total of 259 patients, 115 (44.4%) of them
laparoscopically, and 144 (55.6%) of them conventionally. The sample was divided into two groups: patients with
ASA physical status classification system 1-3, and patients with ASA 4-5.

Results: The results favour laparoscopy within the group with ASA 1-3 in terms of several parameters, namely:
duration of hospitalization — 7.7 days in the case of laparoscopic intervention, vs. 10.6 days for conventional surgery
(p < 0.05); and duration of operation — 61 min vs. 85.1 min respectively (p < 0.05). Total morbidity was 27.5% in
the case of patients with conventional surgery, vs. 10.9% with laparoscopic intervention (p < 0.05). The sample of
patients with ASA 4-5 suffered a high mortality of 82.7%.

Conclusions: Laparoscopic closure of perforated ulcer is a safe therapeutic method, as confirmed by the results of
many other studies around the world, which in many aspects favour the laparoscopic technique.
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Introduction

Johan Mikulicz-Radecki (1850-1905), often re-
ferred to as the first surgeon who closed a perforat-
ed peptic ulcer by simple closure, said: ‘Every doctor,
faced with a perforated duodenal ulcer of the stom-
ach or intestine, must consider opening the abdomen,

ulcer disease anamnesis (29%), or consumption
of NSAID (20%). Around 5-10% of patients ar-
rive at the hospital in a condition of shock [5]. On
the other hand, one of the rarest causes of stom-
ach perforation is incarceration of hiatus hernia
(< 0.01%) [6].

sewing up the hole, and averting a possible inflamma-
tion by careful cleansing of the abdominal cavity’ [1].

Perforation occurs in approximately 2—-10% of pa-
tients with ulcer disease [2]. It comprises approxi-
mately 5% of all abdominal emergencies, and per-
foration incidence is 7-10 per 100 000 capita [3, 4].

Patients with perforated ulcer are predominant-
ly men aged 40 to 60 years [4]. They could have

X-ray examination performed in a standing posi-
tion will in 80-85% of cases prove the presence of
free air under the diaphragm, and the subsequent
radiological techniques confirm the diagnosis in 80—
90% of cases [7].

It clinically manifests as a sudden, from the very
beginning unusually intense, shocking pain, with ab-
dominal guarding clinical symptoms.
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Clinically we distinguish three stages [8]:

1. Chemical peritonitis — acidic content sterilises the
content of stomach and duodenum, which freely
flows to the peritoneum, and causes the chemical
peritonitis.

2. Transitory stage — after 6-12 h there occurs an
arbitrary improvement — pain relief, caused by di-
lution of gastro-duodenal liquid with peritoneal
exudate.

3. Intra-abdominal infection emerges after 12 to 24 h.

Post-surgery mortality in the case of perforated
ulcer still remains high, around 6-10% [9]. Boey or

Irvin score systems (0-3 scale, Table 1) relate mortal-

ity risk to such factors as:

1. Condition of shock before surgery — 1 point +,

2. Dominant associated disease — 1 point +,

3. Postponement of surgical intervention by more
than 24 h from the beginning of the disease —
1 point +.

Laparoscopic treatment of perforated ulcer

The first laparoscopic suture closure was carried
out by Nathanson et al. in 1990 [10]. At the same
time Mouret carried out the first laparoscopic omen-
toplastic surgery using a fibrin sealant [11]. From
available references on the data collected through
questionnaires, in 2004 in Slovak Republic only
24.2% of relevant surgery departments applied lap-
aroscopic suture closure of perforated gastro-duo-
denal ulcer [12], whereas in the Czech Republic the
same figure in 2002 was already 56% [13].

In the beginning the laparoscopic approach is in-
dicated in each suspected case of perforated ulcer,
but it also has counter indications, such as a high-
risk patient with ASA 5, and ileus.

Position of a patient and position
of the operating team

In this intervention the patient lies on his/her
back, with the left upper extremity adducted. The op-
erating surgeon is on the left side of the patient, and
the surgeon’s assistant is on the left side of the sur-
geon. The operating surgeon may eventually be be-
tween the patient’s legs, and the surgeon’s assistant
in this case remains on the left side of the patient
[14]. The laparoscopic tower is on the right side of
the patient, next to his/her chest, or head. This set-
up is good for preparation in the epigastric region.
The position of the patient, and/or his/her rotation
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during the intervention should be as follows: During
the preparation carried in the epigastric region, the
patient should be in an anti-Trendelenburg position
at 20-30° [15], which provides a better view of the
operating field, since the viscera fall down. In case
of cleansing the patient can be leaned in different
directions, depending on the necessity to visually in-
spect individual abdominal quadrants.

Position of trocars

We usually insert the optical 10 mm port into the
umbilicus. The working 5 mm port for the operating
surgeon’s left hand is located in the anterior axillary
line at the level of the umbilicus, for the atraumatic
grasper. Another 5 mm working port for the operat-
ing surgeon’s right hand is located in the medio-cla-
vicular line above the level of the umbilicus for the
suture holder, and the suction and irrigation device
(Figure 1).

In the case of obese patients, the position of
ports can be adjusted and moved closer to the op-
erating field. In the case of a bad view of the local
situation, a fourth port can be located in the epigas-
trium, for a retractor for the liver and viscera.

Surgical procedure during suture closure
of a perforated ulcer

The next step after the introduction of an op-
tical port and confirmation of the diagnosis is the
introduction of working ports as described above.
First we take a sample of exudate for bacteriological
tests, and then we carry out the inspection of the
abdominal cavity, in order to localise precisely the
perforation spot, and the extent of peritonitis. Quite
often the gall bladder and the liver adhere with fi-
brin accretions in the vicinity of the ulcer, which is
most frequently located on the frontal side of the
first part of the duodenum. The follow-up step is the
cleansing of the abdominal cavity, where irrigation
with a warm physiological solution is followed by

Table I. Boey score system with respect to mor-
bidity and mortality

Boey Morbidity [%] Mortality [%]
0 17.4 1.5
1 30.1 14.4
2 42.1 321
3 100
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Figure 1. Position of ports during suturing

evacuation of the exudate and removal of fibrin ac-
cretions to the maximum possible extent. In terms of
methodology we start at the right upper quadrant,
proceeding to the left upper one, then we continue
to the left lower quadrant, and we end in the right
lower one. We need to be especially diligent in the
area of the Douglas cavity, and in the space between
intestinal loops.

Perforation suture closure technique

After the suture closure of the ulcer, there is
no need for biopsy of the duodenal ulcer, but on
the other hand, in the case of gastric ulcer, it is
recommended to take a biopsy of the ulcer mar-
gin. Suture is carried out by a slowly absorbable or
non-absorbable material applied with atraumatic
needle 2/0 or 3/0. Usually two or three transverse
sutures are applied (Photos 1 and 2). After the
perforation is suture-closed, it is possible (using
a part of the large omentum) to cover the suture
closure, and fix it to the upper suture. Some sur-
geons apply for omentoplastic intervention a fibrin
sealant. In the case of a chronic callous ulcer, it is
problematic to sew together ulcer margins, and we
can therefore apply a thicker thread, 1/0, in order
to avoid it cutting through the tissue in a fibrous
environment.
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Photo 1. Perforation suture A

Photo 2. Perforation suture B

In the case of larger ulcers it is possible to sew-in
within the defect, with several stitches, the free end
of the omentum, in order to close the defect. It is the
very size of the defect that causes the conversion [16].

We can check the tightness of the suture clo-
sure with a patient in the Trendelenburg position,
following the application of physiological solution
and blowing air into the stomach, which should not
cause air leakage into the free abdominal cavity.

Flushing of the abdominal cavity is performed
until the clear liquid comes out, and then we end
the operation by applying drain tubes [15], which
we place in the following order. One goes into the
subhepatic space, which monitors the area of su-
ture, which goes into the incision used as a port in
the right mesogastrium. The remaining two drain
tubes are inserted from the left, through incisions
used as ports into the left subphrenic space and to
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the Douglas cavity (in the case of 3-port intervention
we introduce into the Douglas cavity a drain tube
through an incision on the right side). After the op-
eration we keep in place the nasogastric tube until
the peristaltic restart onset. Provided the clamping
test was successful, the tube can be extracted. In
complicated ulcer-suturing cases, or protracted on-
set of passage, we can carry out examination using
a water contrast agent (UroDiagramin). The gas-
tro-fibroscopic examination is planned following 4 to
6 weeks after the operation.

Material and methods

During the 15-year period from 1998 until 2012,
we carried out in our centre altogether 259 opera-
tions of perforated gastro-duodenal ulcer. We did
operations laparoscopically in the case of 115 pa-
tients (44.4%), and conventionally in the case of
144 patients (55.6%). The best method for compar-
ing the two groups is the comparison of morbidity
and mortality. For group homogeneity reasons we
compared separately patients with ASA 4-5, whom
we put aside from the compared groups. These
patients suffer high mortality and mortality, with
a high number of cases with high entry cardio-pul-
monary premorbidity as shock-affected patients,
who were in most cases classified as patients with
contraindicated laparoscopic revision, which would
substantially change the outcome for the group of
patients operated conventionally (Table II). There
were altogether 29 patients with ASA 4-5 (11.1%).

The number of conventionally operated patients
with ASA 1 during the period from 1998 until 2012

104

Number of patients

0 T T T T T T T T T T T T T

1998 2000 2002 2004 2006 2008 2010
Year

---------- Conventional —— Laparoscopical

Figure 2. Ratio of laparoscopic intervention ver-
sus conventional surgical therapy of the perfo-
rated ulcer in our department
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Table II. Distribution of the group of patients
with respect to ASA

Group ASA 1-3 ASA 4-5 Together
Conventional 121 24 145
Laparoscopic 110 5 115

was 120, and for laparoscopically operated patients
it was 110. The homogeneity of the group ensures
a smooth transition to laparoscopy (Figure 2), when
the surgeons in our centre (following sufficient train-
ing) started to choose laparoscopic inspection as
the preferred choice.

Group of conventionally operated patients
with ASA 1-3

The majority of patients from the group of 120
conventionally operated patients were operated on
between 1998 and 2004-2005. In those years in the
course of conventional surgical therapy of perforat-
ed ulcer the most frequent intervention was excision
of the ulcer followed by pyloroplasty (93 patients:
77.5%), as well as associated truncal subdiaphrag-
matic vagotomy (60 patients, 50%). Not in all cases
of pyloroplasty did we also do vagotomy, and vice
versa (Table Ill). In a smaller number of cases we
did partial resection of the stomach and gastroen-
terostomy (altogether 6 patients, 5%). Vagotomy had
a complicated course in 2 patients with spleen lesion,
i.e. in 3.3% of all vagotomies, with the subsequent
need to carry out splenectomy. The average duration
of hospitalisation was 10.6 days, and the average du-
ration of surgical intervention was 85 min.

The total number of patients with complications
within the group of conventionally operated patients,
with ASA 1-3, was 33 (27.5%). Among them 4 pa-
tients died (3.33%). Within this group (in several cases
there were multiple complications per single patient)
the most frequent complication was wound infection,
and more specifically in the case of 14 (11.7%) pa-

Table Ill. Percentage of individual types of in-
terventions in conventionally operated patients
with ASA 1-3 (n = 120)

Intervention Patients Percentage
Pyloroplasty 93 77.5
Vagotomy 60 50
Bl + GEA 6 5
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tients. Extra-abdominal complications (bronchopneu-
monia or cardiac decompensation) occurred in 11
(9.2%) patients, of whom 2 patients died. We re-oper-
ated 11 (9.2%) patients, of whom 2 died. The reason
for re-operation was 2 x ileus, 3 x intra-abdominal
abscess, 2 x disruptions of wound, and 3 x leakages.
Other complications occurred in 2 patients (bleeding).
We identified leakage in 3 patients (of whom
1 died), whereas in all cases re-operation was re-
quired, which comprises 2.5% of the total number.
The average duration of hospitalisation of a patient
with complications in conventionally operated cases
with ASA 1-3 within this group was 16.8 days vs. 8.2
days on average for patients without complications.

Group of laparoscopically operated
patients with ASA 1-3

The majority of patients from the group of 110 la-
paroscopically operated patients were operated on
between 2004-2005 and 2012 (Figure 2). In the case
of laparoscopically operated patients with perforat-
ed ulcer, 81 patients were suture closed (73.6%), su-
tured ulcer with subsequent omentoplasty was car-
ried out in 17 patients (15.5%), and the remaining
12 patients (10.9%) were treated only with flushing
of the abdominal cavity, and a targeted drain tube
without suture due to failure to find the perforation
(with already healing ulcer — application of methy-
lene blue via nasogastric tube) (Table IV).

The average duration of hospitalisation was 7.7
days, and the average duration of intervention was
61 min.

Table IV. Percentage of individual types of inter-
ventions in laparoscopically operated patients
with ASA 1-3 (n = 110)

Intervention Patients Percentage
Simple closure 81 73.6
Suture + omentoplasty 17 15.5
Targeted drainage 12 10.9

Table V. Mortality comparison for patients
with ASA 4-5

Group ASA 4-5 Exitus Exitus [%]
Conventional 24 20 83.30
Laparoscopic 5 4 80
582

The total number of patients with complications
within the group of laparoscopically operated patients
with ASA 1-3 was 12 (10.9%). Among them 1 patient
died (0.9%) (heart failure, pulmonary embolism). We
did not record any wound infection within the group of
12 patients with complications. Bronchopneumonia or
cardiac decompensation occurred in 4 patients (3.6%).
Operative re-intervention was required in 4 (3.6%)
patients. The reason for surgical revision was in 2 cas-
es an intra-abdominal abscess, and in 2 others leak-
age. Of the remaining 4 patients (33%), conservative
therapy was applied in 2 patients with leakage, and in
2 patients with an intra-abdominal abscess.

Altogether, leakage occurred in 4 patients, which
comprises 3.6% of the total group of patients, but
only in 2 cases, i.e. 1.8%, did it require re-operation.

Conversion occurred in 2 (1.8%) patients. The
reasons for conversions were polyps in 1 case, and
the size of the ulcer in another single case.

The average duration of hospitalisation in pa-
tients with complications among laparoscopically
operated patients with ASA 1-3 within this group
was 15.7 days vs. an average of 6.7 days in patients
without complications.

Group of operated patients with ASA 4-5

From 1998 until 2012, 29 (11.1% of all) patients
with ASA 4-5 underwent operations. They suffered
high morbidity and mortality. This was the case due
to cardiac reasons, or the associated status of shock
during the protracted course of peritonitis (within our
group the postponement of hospitalisation by pa-
tients themselves) (Table V). The mortality within this
group was 82.7%, i.e. death occurred in 24 patients.
In the case of the majority of patients we could not
carry out laparoscopy due to the anaesthesiology risk
of capnoperitoneum (the main reason behind the ex-
clusion of this group). The laparoscopy in the case of
the remaining 5 of these patients did not influence the
haemodynamics during the course of the operation.

Statistical analysis

For the statistical assessment of parametric quan-
titative values we used Student’s t test (bilateral dis-
tribution with uneven dispersions), and for the as-
sessment of qualitative values we used the y? test
with a 2 x 2 contingency table, with the statistical
significance limit level being p < 0.05. The minimal
number of patients within a single contingency table
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should be at least 5, in order to maintain the test ac-
curacy. Provided the number of patients was below 5,
we did not assess the said qualitative parameter from
the viewpoint of statistical significance.

Results

In addition to the basic parameters such as com-
parison of hospitalisation duration, and operating
time (Table VI), we focused mainly on the compar-
ison of morbidity and mortality, which are the main
distinctions in comparing the two methods, i.e. lapa-
roscopic and conventional operation approaches (Ta-
ble VII). As mentioned above, for group homogeneity
reasons, we only compared patients with ASA 1-3
(88.9% of all patients).

These statistical comparison results show a sig-
nificant difference in the hospitalisation duration in
favour of laparoscopy, on average 7.7 days vs. 10.6
days for conventionally operated patients. Similarly
the operation intensity in terms of operation dura-
tion confirmed a statistically significant difference in
favour of laparoscopy, namely 61 min vs. 85 min for
conventionally operated patients. The average age
was comparable.

We found a statistically significant difference in
the number of complications in favour of laparosco-
py, 10.9% vs. 27.5% for conventional operations. In

the case of laparotomy we did not record even a sin-
gle wound infection complication compared to the
conventional group with the occurrence of 11.7%.

The differences in favour of laparoscopy, 3.6% vs.
9.2% in the case of postoperative occurrence of ex-
tra-abdominal complications, such as bronchopneumo-
nia and cardiac complications, were statistically insig-
nificant. The differences are apparent, but for statistical
confirmation they would normally require a larger group
of patients. Similarly to the complications with the fol-
low-up necessity of postoperative re-intervention, lapa-
roscopy seems to be the preferred choice, with 3.6% vs.
9.2% in the case of conventionally operated patients.
Even in this case, for the confirmation of a significant
difference we would require a larger group.

With very low numbers of patients in leakage
and exitus groups, we were unable to compare the
results, although the results were similar.

Discussion

The best parameters for comparison of the two
operating techniques are mortality and morbidity.
Perforated ulcer is still associated with a high rate
of morbidity and mortality. Several studies have
been published, although only 3 of them are pro-
spectively randomized [17-19], with a high (de-
gree of evidence). The comparison of results in the

Table VI. Statistical comparison of individual parameters in laparoscopic and conventional groups (operat-

ing time, hospitalisation duration, average age)

Parameter Conventional Laparoscopic Value of p Statistical significance
Operating time [min] 85.1 61 0.0000000004 p < 0.05
Hospitalisation [days] 10.6 7.7 0.00013 p < 0.05
Average age [years] 48.6 47.2 0.52

Table VII. Statistical comparison of individual parameters in laparoscopic and conventional groups (mor-

bidity and mortality)

Parameter Conventional Laparoscopic Value of p Statistical
(n=120) (n=110) significance
Complications: 33 (27.5%) 12 (10.9%) 0.0015 p < 0.05
Exitus 4 (3.3%) 1(0.9%) -
Wound infection 14 (11.7%) 0 0 p < 0.05
Bronchopneumonia 11 (9.2%) 4 (3.6%) 0.09
Re-intervention 11 (9.2%) 4 (3.6%) 0.09
LEAK 3(2.5%) 4 (3.6%) -
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aforementioned studies shows significant differ-
ences in morbidity (22% in laparoscopy group vs.
36% in conventional group), and mortality (2.5% vs.
5.8%).

In these studies postoperative leakage occurred
more frequently in the laparoscopic group (3%), ver-
sus the conventional group, with only 1.1% of operat-
ed patients with leakage [17-19]. However, it is neces-
sary to realise that laparoscopic suture closure of the
perforated ulcer is a relatively complicated operation,
and it requires manual skills in mini-invasive surgery.

The reason for conversion, 12.4% on average, is
in most cases the size of the perforation [16]. Addi-
tional reasons were inability to visualise the perfora-
tion, location of perforation, and bleeding.

In one of the most recent studies, there were not
found any significant differences in terms of post-op-
erative leakage from the suture closure, when the
surgeons applied a single suture without omento-
plasty, or with it [20].

Alternative options are the application of fibrin
glue, which is limited by the size of the perforation,
or the application of biodegradable lactide-gly-
colide-caprolactone patches, which are still at the
stage of development.

During the recent period, we can observe a grad-
ual cessation of the final surgical intervention (re-
section, pyloroplasty, vagotomy) with low re-occur-
rence of the ulcer disease following the eradication
of Helicobacter pylori (double combination of antibi-
otics and proton-pump inhibitor), and elimination of
NSAID usage [21].

Conclusions

Laparoscopic suture closure of the perforated
gastro-duodenal ulcer performed in a centre with
sufficient history in laparoscopic surgery is a safe
method, which offers better results compared to
conventional therapy. The potential advantages of
the mini-invasive approach are as follows: better
view of the trans-operative situation, limited surgi-
cal trauma, smaller operating wound, limited intes-
tinal manipulation and earlier recovery to baseline
activities [22]. These advantages contribute to the
lower occurrence of complications, especially such
as wound complications, and the method is associ-
ated with reduced postoperative pain, and the pos-
sibility of faster mobilisation. In economic terms,
laparoscopy provides a shorter hospitalisation time,
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and last but not least, a better cosmetic outcome.
Even the conclusion of the EAES consensus as of
2006 reads that in the case of suspected perforated
ulcer it is recommended to apply a mini-invasive ap-
proach as a safe therapeutic method [23]. This has
also been confirmed by available prospective ran-
domised studies, and in our centre the laparoscopic
suture closure became the option of choice.
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