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Abstract

Objective The surgical treatment for perforated peptic ulcers can be safely performed laparoscopically. The aim of
the study was to define simple predictive factors for conversion and septic complications.

Methods This retrospective case—control study analyzed patients treated with either laparoscopic surgery or
laparotomy for perforated peptic ulcers.

Results A total of 71 patients were analyzed. Laparoscopically operated patients had a shorter hospital stay (13.7 vs.
15.1 days). In an intention-to-treat analysis, patients with conversion to open surgery (analyzed as subgroup from
laparoscopic approach group) showed no prolonged hospital stay (15.3 days) compared to patients with a primary
open approach. Complication and mortality rates were not different between the groups. The statistical analysis
identified four intraoperative risk factors for conversion: Mannheim peritonitis index (MPI) > 21 (p = 0.02), gen-
eralized peritonitis (p = 0.04), adhesions, and perforations located in a region other than the duodenal anterior wall.
We found seven predictive factors for septic complications: age >70 (p = 0.02), cardiopulmonary disease
(» =0.04), ASA>3 (p=0.002), CRP>100 (p = 0.005), duration of symptoms >24h (p = 0.02),
MPI > 21(p = 0.008), and generalized peritonitis (p = 0.02).

Conclusion Our data suggest that a primary laparoscopic approach has no disadvantages. Factors necessitating
conversions emerged during the procedure inhibiting a preoperative selection. Factors suggesting imminent septic
complications can be assessed preoperatively. An assessment of the proposed parameters may help optimize the
management of possible septic complications.
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Introduction

The discovery of the critical role of helicobacter pylori in
peptic ulcer disease and the development of proton pump
inhibitors has changed the requirements for surgery in
cases of perforation [1, 2]. Therefore, the objective of
surgery is a simple closure of the defect with an extensive
abdominal lavage [3, 4]. Laparoscopic surgical defect
closure has gained broad acceptance since the first reports
by Mouret and Nathanson appeared in 1990 [5, 6]. This
treatment modality is feasible and safe for perforated peptic
ulcers in clinical trials [7-10].

The aim of this retrospective study was to assess the
outcome of patients admitted to a university teaching
hospital with perforated peptic ulcers and treated by open
or laparoscopic surgery. We aimed to assess predictive
factors for conversion and for septic complications. These
factors may help identify patients for conversion and
anticipate septic complications.

Patients and methods

This retrospective study enrolled patients with perforated
peptic ulcers admitted to the emergency department during
a 9-year period in a single center. The diagnosis was based
on the clinical presentation with acute onset of epigastric
pain, abdominal tenderness, and an upright abdominal
X-ray showing free air below the diaphragm or an
abdominal CT scan. In the first period of the study, the
primary open approach (POA) was the procedure of choice.
Laparoscopic surgery subsequently became the standard
approach. The patients with a primary laparoscopic
approach were divided into two subgroups: patients with
complete laparoscopic treatment (LAP) and patients with
conversion to open surgery (CON).

Mannheim peritonitis index (MPI)

The intraoperative findings on the location of the perfora-
tion, extent of the peritonitis (generalized vs. local),
intraperitoneal fluid (clear, purulent of feculent), and
anamnestic data (age, sex, duration of symptoms, presence
of malignant disease or organ failure) contributed to the
MPI [11].

Operative technique

All patients are given preoperatively antibiotics (Cefazolin
1gr. or Co-amoxicillin 2.2gr.). The abdominal cavity was
first explored to determine the degree of peritoneal soiling
and identify the perforation site. A piece of mucosa at the

perforation site was removed to test for helicobacter pylori
and histologic examination if feasible [12]. The decision to
convert was performed individually by each treating sur-
geon. The perforation was repaired by interrupted or run-
ning stitches with a non-absorbable material together with
an omental patch [13]. The abdominal cavity was then
irrigated thoroughly with warm saline solution (>5 ) until
no debris was observed. A low pressure suction drainage
was then inserted. A midline incision was chosen in cases
of open surgery or conversion. The perforation repair and
abdominal irrigation were the same as described. Antibi-
otics were used postoperatively in all cases for 5-7 days.

Postoperative follow-up

Postoperative complications were recorded as in-hospital
complications and graded according to a therapy orientated
score (Clavien—Dindo classification) [14]. Postoperative
analgesic consumption was recorded in days on which a
standard morphine dose (0.1 mg/kg body weight s.c.) was
administered on patients demand.

Data collection and statistical analysis

The data were collected retrospectively from medical
records, operative records, and anesthesiologist reports.
The data were analyzed with standard software (SPSS 8.0
for Windows).

The Mann—Whitney U test was used to compare con-
tinuous variables (such as age, duration of symptoms,
ASA, CRP, WBC, perforation size, MPI, number of days
with morphine, hospital stay) between groups with differ-
ent surgical approaches. The Pearson Chi-squared test was
used to analyze the discrete variables (such as gender,
cardiopulmonary disease, generalized peritonitis). The
preoperative criteria to predict conversion and periopera-
tive criteria to predict septic complications were deter-
mined using univariate logistic regression analysis. The
results were considered statistically significant at a signif-
icance level of 5 %.

Results
Group demography and characteristics (Table 1)

71 patients with perforated peptic ulcer disease were
enrolled in this study. The mean age of all patients was
55.1 (20-89) years, and the mean duration of symptoms
was 21.1 (3—100) hours between sudden onset of abdomi-
nal pain and surgery. There were 35 cases with a primary
open approach (POA) and 36 cases with a primary
laparoscopic approach (PLA). As shown in Table 1, there
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Table 1 Demography and characteristics of patients

POA PLA LAP CON Total
Subgroup of PLA Subgroup of PLA
Patients (n) 35 36 17 19 71
Age (years) mean, range 54.8 (27-89) 55.4 (20-87) 48.6 (20-85)* 61.6 (32-87)* 55.1 (20-89)
Sex ratio (m/f) 22/13 22/14 11/6 11/8 44/27
Duration of symptoms (hours) mean, range 21.4 (3-79) 20.8 (4-100) 20.3 (4-58) 21.3 (5-100) 21.1 (3-100)
MPI 15.3 (4-37) 17.7 (4-37) 13.4 (4-32)* 21.6 (4-37)* 16.6 (4-37)

Statistical test used for age, duration of symptoms, and MPI: Mann—Whitney U test

Statistical test used for sex: Pearson’s Chi-square

POA primary open approach, PLA primary laparoscopic approach, LAP laparoscopic repair, CON conversion to open surgery, MPI Mannheim

peritonitis index
* p < 0.05 (LAP vs. CON)

was no significant difference in the two groups regarding
mean age (54.8 vs. 55.4 years), gender distribution, dura-
tion of symptoms (21.4 h vs. 20.8 h), and MPI (15.3 vs.
17.7).

The mean age (48.6 vs. 61.6 years, respectively) and
MPI (134 vs. 21.6) were significantly lower in the
laparoscopy (LAP) group than in the conversion (CON)
group. However, the gender distribution and duration of
symptoms did not differ (Table 1).

Operative findings (Table 2)

The primary open approach (POA) and primary laparo-
scopic approach (PLA) groups did not differ regarding

Table 2 Pre-/intraoperative findings and outcome

operative findings. However, the analysis of the PLA
subgroups revealed significant differences in the conver-
sion subgroup for generalized peritonitis and perforation
size (Table 2).

Hospital stay and analgesic consumption (Table 2)

The laparoscopically treated patients (LAP) benefited from
a shorter hospital stay compared to the primary open
approach (POA) and conversion (CON) group (11.9 vs.
15.1 and 15.3), but this difference was not significant.

The laparoscopically treated patients (LAP) benefited
from a significantly shorter time of morphine consumption
(1.9 days).

POA PLA LAP CON Total
Subgroup of PLA Subgroup of PLA

Patients (n) 35 36 17 19 71
ASA 2.3 (1-4) 2.5 (1-4) 2.5 (1-4) 2.5 (1-4) 24 (1-4)
CPD (n) cpd 12 12 3 9 24
CRP (mg/dl) mean, range 40 (3-260) 36 (3-193) 27 (3-100) 48 (3-193) 37 (3-260)
WBC (109/1) mean, range 13.5 (2-28) 11.8 (4-26) 10.8 (4-18) 12.8 (6-26) 12.6 (2-28)
Generalized peritonitis (1) 10 15 4% 11%* 25
Perforation size (mm) mean, range 6.0 (1-25) 7.2 (1-40) 3.9 (1-20)* 10.2 (1-40)* 6.6 (1-40)
Hospital stay (days) mean, range 15.1 (7-58) 13.7 (5-52) 11.9 (5-23) 15.3 (7-52) 14.4 (5-58)
Analgesic (days) mean, range 3.0 (0-12) 2.3 (0-11) 1.9 (0-11)* 2.7 (1-5)* 2.6 (0-12)

Statistical test used for ASA, CRP, WBC, size of perforation, hospital stay, analgesics: Mann—Whitney U test

Statistical test used for CPD and generalized peritonitis: Pearson’s Chi-square

Analgesic (d): days patients received morphine on demand (0.1 mg/kg body weight s.c.)

POA primary open approach, PLA primary laparoscopic approach, LAP laparoscopic repair, CON conversion to open surgery, ASA American
society of anesthesiologists, CPD cardiopulmonary disease, CRP C-reactive protein, WBC white blood count

* p < 0.05 (LAP vs. CON)
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Table 3 Morbidity and mortality
CDC POA PLA LAP CON Total
Subgroup of PLA Subgroup of PLA
Patients (n) 35 36 17 19 71
Complications (1) 5 6 1 5 12
Local (n) CDC 1 2 3 1 2 5
Wound infection CDC IIIb 1 0 0 0 1
Bleeding CDC IIIb 0 1 0 1 1
Suture insufficiency CDC IIIb 1 2 1 1 3
Systemic (1) 4 3 0 3 7
Pneumonia/sepsis CDC IV 1 1 0 1 2
Abdominal sepsis CDC 1V 3 2 0 2 5
Mortality (n) 3 2 0 2 5

POA primary open approach, PLA primary laparoscopic approach, LAP laparoscopic repair, CON conversion to open surgery, CDC Clavien—

Dindo classification

Morbidity and mortality (Table 3)

The overall complication rate did not differ between the
primary open approach (POA) and primary laparoscopic
approach (PLA) (5 vs. 6) patients (Table 3). Septic com-
plications were comparable in POA and PLA patients.
However, there were no septic complications or deaths in
the laparoscopic repair (LAP) subgroup.

The mortality rate was related to septic complications in
every case and was not different between POA and PLA (3
vs. 2) patients (Table 3).

Mortality cases (Table 4)

We analyzed the 5 mortalities more precisely. Suture
insufficiencies leading to death were found in 2 patients:
one patient in the primary open approach (POA) group and
one patient in the conversion (CON) group. Sepsis leading
to death caused by pneumonia was identified in two

Table 4 Mortality cases

patients: one patient in the primary open approach (POA)
group and one patient in the conversion (CON) group.
Purulent peritonitis as the cause of death was documented
in one patient of the primary open approach (POA) group.
The CRP level taken preoperatively was highly elevated
(>150 mg/dl) in all 5 deaths. In surviving patients (n = 3)
with severe complications (suture insufficiency, purulent
peritonitis), the preoperatively procured CRP level (mg/dl)
showed a wide range (3—193 mg/dl).

Predictive factors for conversion (Table 5)

In the PLA group (n = 36), the repair was completed
laparoscopically in 17 cases, and there were 19 cases with
conversion to open surgery. The decision to convert was
performed individually by the performing surgeon. We
analyzed all the parameters assessed pre- and intraopera-
tively using a univariate logistic regression analysis. A
significant preoperative factor and cut-off value for con-
version could not be identified. The significant intraoper-
ative factors were MPI (p = 0.02) and the presence of
generalized peritonitis (p = 0.04). We established cut-off

POA PLA Total
LAP CON Table 5 Factors for conversion (n = 36)
Mortalities (n) 3 0 2 5 Variable b OR  C P
Suture insufficiency 1 (153) 0 1 (193) 2 MPI 0.11 111 1.02-1.22 0.02
CRP . . . . .
( ), MPI (>21 pts) 2.67 1440  1.58-131.51 0.02
Pneumonia (CRP) 1 (260) 0 1 (151) 2 . .
L Generalized peritonitis 1.50 4.47 1.05-18.94 0.04
Purulent peritonitis (CRP) 1 (169) 0 0 1 . .
Adhesions Determinant
Number of deadly complications and corresponding CRP level pre- Localization of perforation  Determinant

operatively in brackets

POA primary open approach, PLA primary laparoscopic approach,
LAP laparoscopic repair, CON conversion to open surgery, CRP CRP
level (mg/dl) measured preoperatively

Statistical test used: univariate logistic regression analysis

OR odds ratio, CI confidence interval, p p value, MPI Mannheim
peritonitis index
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Table 6 Predictive factors for septic complications (n = 71)

Variable p OR CI p
Age 0.05 1.06 1.008-1.12 0.02
Age (>70 years) 201 749 1.32-42.50 0.02
Cardiopulmonary disease 1.78 592 1.05-33.24 0.04
ASA 198 7.22  1.69-30.85 0.008
ASA (>3) 3.14 2325 298-181.53 0.002
CRP 0.03 1.03 1.008-1.05 0.006
CRP (>100 mg/dl) 329 27.00 2.74-265.72 0.005
Duration of symptoms 0.04 1.04 1.007-1.07 0.02
Duration of symptoms (>24 h) 2.10 8.17 1.43-46.47 0.02
MPI 025 1.28 1.09-1.50 0.002
MPI (>21) 297 19.57 2.18-175.52 0.008
Generalized peritonitis 2.63 13.88 1.56-123.28 0.02

Statistical test used: univariate logistic regression analysis

OR odds ratio, CI confidence interval, p p value, ASA American
society of anesthesiologists, CRP C-reactive protein, MPI Mannheim
peritonitis index

values for MPI and found the best p value was MPI > 21
(p = 0.02).

Predictive factors for septic complications (Table 6)

There were seven septic complications reported in the 71
patients with perforated peptic ulcers. We applied uni-
variate logistic regression to identify predictive factors for
septic complications. We found significant differences for
age (p = 0.02), cardiopulmonary disease (p = 0.04), ASA
(p = 0.008), CRP (p = 0.006), MPI (p = 0.002), gener-
alized peritonitis (p = 0.02), and duration of symptoms
(p = 0.02). We established cut-off values for the signifi-
cant factors and found the best p values were the following:
age >70 years (p = 0.02), ASA > 3 (p = 0.002), CRP >
100 mg/dl (p = 0.005), MPI > 21 (p = 0.008), and dura-
tion of symptoms >24 h (p = 0.02).

Table 7 Surgeons experience and conversion in laparoscopy

Surgeon’s experience and conversion (Table 7)

We analyzed surgeon’s experience for the conversion rate.
We grouped the performing surgeons in residents operating
under supervision of a consultant, chief residents, or con-
sultants. The length of operation was considered a
parameter mirroring the level of complexity and level of
surgeon’s experience. In the conversion group, the sur-
geons with the longest operation time were the chief resi-
dents, whereas the residents needed less time (186.6 vs.
149.2 min; p = 0.1). The consultants had the clearly
shortest operation time in the conversion group (85 vs.
186.6 min; p < 0.003). There were no complications
reported in the consultant group. The chief residents were
the only group that was confronted with dorsally located
perforations (2 dorsal perforations) in the conversion
group. In the laparoscopically treated group, the residents
showed the longest operation time, whereas the chief res-
idents required the least of time (123.3 vs. 106.6 min.).

Discussion

Since the first reports by Mouret [5] and Nathanson [6] on
perforated peptic ulcer disease, laparoscopic surgery has
consisted of simple perforation closure similar to open
surgery [3, 4, 12]. The evolution of laparoscopic surgery
has made the primary laparoscopic approach possible for
perforated peptic ulcers. The detection of helicobacter
pylori (HP) changed the treatment modality of perforated
peptic ulcers dramatically. It has previously been shown
that 100 % of duodenal ulcers are HP positive [1, 15].
Additionally, studies on perforated peptic ulcers revealed
the HP prevalence is also high [2, 16]. HP can be treated
successfully by medical eradication with a very low
recurrence rate of 0-25 % [16-18].

The therapeutic strategy for perforated peptic ulcers has
made laparoscopic repair attractive because the main
objective is closing the perforation and lavage of the

Experience OpT

LAP Resident (n = 11) 1233 £ 245 p=05
Chief Resident (n = 4) 106 £+ 30.9 p=03
Consultant (n = 2) 110 £+ 40

CON Resident (n = 11) 149.2 £ 27.8 p=0.1
Chief Resident (n = 6) 186.6 £ 45.3 p = 0.003
Consultant (n = 2) 85+ 5

LAP laparoscopic repair, CON conversion to open surgery, OpT operation time (minutes + SD)
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abdominal cavity [13, 19-21]. However, despite evidence
supporting the use of laparoscopic repair, deciding to
convert to open surgery is still a matter of debate [22-24].
Furthermore, it is uncertain whether patients qualifying for
pneumoperitoneum but with imminent sepsis should be
treated laparoscopically regardless of their preoperative
clinical parameters [25-27].

Many clinical studies have reported the feasibility and
safety of laparoscopic repair [7, 8, 10, 13, 18-21, 25-28].
These results are consistent with our data showing advan-
tages such as decreased hospital stay and significantly
lower postoperative analgesic consumption for laparo-
scopy. A comparison of primary open surgery and the
laparoscopic approach showed similar postoperative mor-
bidity and mortality. This finding can be explained by a
high conversion rate of 52 % in the laparoscopic group
patients with surgeons’ experience driven patient selection
during surgery. The results of our retrospective analysis of
pre- and intraoperative parameters indicate that conversion
to an open procedure can only be assessed intraoperatively.
Conversion should be performed when adhesions are
laparoscopically not dissectible. Furthermore, conversion
should be used for patients with generalized peritonitis and
posteriorly located lesions. The parameter with the best
p value was a MPI > 21 and is a crucial parameter
regarding the choice for conversion.

The length of operation time considered as a parameter
reflecting the surgeon’s experience and level of complexity
could not be correlated with the conversion rate and did not
reflect patient’s outcome regarding severe complications.
Teaching surgery to residents requires longer operating
times. In complex cases where a conversion is needed,
consultants tend to decide for a conversion faster than chief
residents operating on their own.

Although we demonstrated a comparable postoperative
morbidity and mortality of primary open surgery and the
laparoscopic approach, we still strongly advocate laparo-
scopy as the primary choice. The explanation for the result
of our intention-to-treat analysis might be the high con-
version rate. Looking at conversion rate over 50 %, a cost-
benefit ratio for primary laparoscopic approach would be
poor and primary laparoscopy appears as not offering many
advantages, but we think in high volume centers with
highly experienced surgeons in laparoscopy the conversion
rate might be lower. Since we are a teaching hospital with
surgical residents on call, we consider inexperience as a
reason for the high conversion rate.

However, in this retrospective analysis, we were not
able to show this intuitively considered explanation for our
high conversion rate. We believe that the long observation
period of 9 years and a high staff turnover of performing
surgeons could be the explanation for the inability to proof
our assumption in this set of data. Since the highest number

of operation in the laparoscopy or conversion group for one
surgeon was 3 procedures, we resigned to evaluate a
learning curve. The surgeon’s experience as a parameter
will have to be clarified in a prospective study in future
research. Nevertheless, we would encourage the primary
laparoscopic approach even in teaching hospitals since
there was no disadvantage regarding postoperative mor-
bidity and mortality for this line of action.

The duration of symptoms (>15h) may lead to
increased septic complications and worse outcomes [7, 29].
Our univariate regression analysis identified several
parameters predicting postoperative septic complications.
Patients with duration of symptoms >24 h, with increased
CRP levels (>100 mg/dl), and with a higher peritonitis
index were prone for septic complications.

Death occurred in patients with highly elevated CRP
levels (>150 mg/dl). It could be correct to assume that
highly elevated CRP levels can predict death. Nevertheless,
we can only conclude a tendency in our set of data, since
the number of patients with death due to septic complica-
tions was low (5 of 71). In all these 5 patients, the most
experienced surgeon involved was a chief resident if at all.
Therefore, anticipating septic complications in patients
with increased CRP levels (>100 mg/dl) can be vital.
Conclusions leading to management adjustments need to
be easy to asses (like preoperatively measured CRP levels)
and may not depend solely on surgeon’s experience.

The analysis also demonstrated older patient age
(>70 years) and comorbidities are the main factors leading
to sepsis or death. A majority of these factors (except the
degree of peritonitis) can be assessed preoperatively. Thus,
patient selection can be preoperatively performed using the
duration of symptoms and CRP level in conjunction with
patient age (>70 years) and comorbidity. These data can be
used to develop strategies such as perioperative sepsis
protocols [18] and postoperative admission to the ICU to
improve outcomes.

Laparoscopy can help determine the extent of peritonitis
and the site of perforation in cases with an uncertain diag-
nosis. Subsequent conversion did not increase the rates of
postoperative complication or death. Therefore, we strongly
believe that primary laparoscopy should be used to confirm
the diagnosis, localize the site and size of the perforation, and
determine the extent of peritonitis. Our data confirm that
primary laparoscopy itself does not influence the postopera-
tive outcome with respect to septic complications and death.

In our clinic, the patients admitted to the emergency
room are assessed by junior surgical staff. The emergency
surgery is performed mainly by residents with the neces-
sary surgical skills. Therefore, we were able to provide a
simple patient assessment supporting surgeons in decision
making regarding conversion and perioperative manage-
ment. In our institution, also the junior surgical staff is
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trained to evaluate patients based on clinical presentation
with additional help of rational diagnostics. In many
institutions, a CT scan for the evaluation of an acute
abdomen is desired. In our institution, it is not the general
policy to perform a CT scan in every patient if free
abdominal air has been diagnosed on plain X-ray, and the
patient history is suspectable for duodenal or gastric ulcer
perforation. We believe when free abdominal air is proven
on a plain X-ray the diagnostic value of a primary
laparoscopy is beneficial in comparison to additional time
consumption of preoperative diagnostics since laparoscopy
could be therapeutic.

In summary, our study confirms that primary laparo-
scopy has no disadvantage even in cases of conversion.
Thus, we strongly propose that every patient should receive
primary laparoscopic surgery. The factors necessitating
conversion emerge during the procedure. Therefore, a
preoperative selection for either open or laparoscopic sur-
gery is not feasible. However, the factors suggesting
imminent septic complications can be assessed preopera-
tively using simple clinical data. An assessment of these
parameters may help determine strategies for a better
outcome.

Conclusion

A preoperative selection for either open or laparoscopic
surgery is not feasible. Nonetheless, our data suggest that a
primary laparoscopic approach has no disadvantages. Fur-
thermore, we strongly believe that the laparoscopy per-
formed by experienced surgeons would have measurable
significant advantages. Future studies will have to focus on
this matter. Factors necessitating conversions emerged
during the procedure inhibiting a preoperative selection. A
generalized peritonitis and a MPI > 21 were the strongest
factors, and localization on the posterior wall of the duo-
denum was determinant. Factors suggesting imminent
septic complications can be assessed preoperatively. An
assessment of the proposed parameters may help optimize
the management of possible septic complications.
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