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ARTICLE INFO ABSTRACT

Background: Laparoscopic surgery has become increasingly popular in treating perforated peptic ulcer (PPU).
However, currently it is not recognized as a prognostic factor for mortality within this group of patients. The aim
of this study was to investigate whether laparoscopic surgery was an independent mortality risk factor in patients
treated surgically for perforated peptic ulcer.

Materials and methods: This was a Danish nationwide cohort study based on prospectively collected data of 1008
patients treated surgically for PPU between September 2011 and December 2015. A propensity score matching
analysis, considering most of the known prognostic factors for mortality and baseline characteristics, was used to
adjust mortality estimates in patients treated with open and laparoscopic surgery. The primary outcome was
postoperative 30-day mortality.

Results: The study population comprised 1008 patients; 507 were treated laparoscopically and 501 by open
surgery. There was significantly higher mean age, and higher ASA scores, as well as other mortality risk factors
in the open surgery group. The unadjusted 30-day mortality was significantly lower in patients undergoing
laparoscopic surgery compared to open surgery (HR = 0.48, 95% CI: 0.36-0.65). After matching and weighting
controls, the adjusted difference in mortality was reduced and was not significant (HR = 0.82, 95% CI:
0.59-1.15). The 30-day mortality was 13.1% for laparoscopy and 14.7% for the matched controls in the open
surgery group.

Conclusions: Compared to open surgery, laparoscopic surgery in patients with PPU does not reduce short term
mortality. More well powered randomized clinical trials are needed to investigate the role of laparoscopic
surgery in treatment of patients with PPU.
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1. Introduction

The incidence of perforated peptic ulcer (PPU) has decreased during
past two decades. Despite advances in critical care and treatment of
PPU, the reported mortality is as high as 27% in some countries [1-3].

A number of prognostic factors were identified to predict short term
mortality in patients with PPU [4,5]. Those factors were used as a basis
for four scoring systems that predict outcome in patients with PPU, in
addition to several others non-disease specific outcome scores [6]. La-
paroscopic treatment is currently not recognized as a prognostic factor
for mortality.

Since the introduction of laparoscopic surgery for PPU in 1990 [7],
it has been increasingly used in the treatment of PPU, a serious com-
plication of peptic ulcer [8]. Current data support laparoscopic surgery

is as effective as open surgery, with the known benefits of a lower rate
of surgical site infections, less postoperative pain and shorter nasogas-
tric tube duration [9]. Laparoscopic surgery is recommended by some
surgical societies as the primary surgical approach for PPU [10].

The aim of this study was to investigate if laparoscopic repair of PPU
is an independent prognostic factor for mortality in the Denmark na-
tional cohort over a period of five years (2011-2015).

2. Methods
2.1. Study design

This was a national cohort study of prospectively collected data
from patients treated surgically for PPU. Data were collected from 25
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hospitals in Denmark between September 2011 and December 2015.
There was no age limitation.

The study was approved by the Danish Data Protection Agency
through the Data Inspectorate for Clinical Quality Databases approved
by Statens Serum Institut.

The study was conducted in accordance with guidelines for
Strengthening the reporting of cohort studies in surgery (STROCSS)
[11].

2.2. Study population and data

All patients surgically treated for PPU in Denmark between
September 2011 and December 2015 were included. Patients who had
open surgery following laparoscopic surgery were excluded from the
study. In Denmark, the treatment of abdominal emergencies, including
PPU, is only provided by public hospitals. In 2003, Danish public
healthcare authorities established the Danish Clinical Register of
Emergency Surgery (DCRES), now part of The Danish Clinical Registries
(RKKP), which includes 69 clinical registries across different medical
specialties (http://www.rkkp.dk/in-english). Patient baseline char-
acteristics, preoperative, operative and postoperative management data
is collected and prospectively reported to the database. Reporting to the
DCRES is mandatory and the completeness and the quality of data is
closely monitored.

The data are initially recorded by the treating surgeon and reported
to the DCRS by the surgical departments. The DCRES is linked with
other national registers, such as The Danish Transfusion Database,
Danish National Database of Reimbursed Prescriptions, The Civil
Registration System and The Danish National Patient Registry (DNPR).
DNPR provides, among others, information about personal civil regis-
tration number, admission and discharge date for all hospitalizations in
both private and public hospitals and outpatient speciality clinics in
Denmark, including ICD-10 based diagnoses and NOMESCO based
codes of surgical procedures [12]. This information is used to ensure
the completeness and quality of the data.

The exact date of a patient's death is known through linkage to the
patient's civil registration number in the Danish Civil Registration
System [13]. All data for this study were collected from the DCRES
database.

2.3. Definitions and variables

Predictor variables were chosen based on current knowledge of the
prognostic factors for PPU mortality [4,5,14,15]. Creatinine and al-
bumin levels were not included, as data are not available in the data-
base.

The following baseline data were collected; age, gender, height,
weight, body mass index (BMI), American Society of Anesthesiologist
(ASA) physical status classification, comorbidities (the presence of one
or more coexisting illnesses up to five years prior to admission to hos-
pital, including chronic obstructive pulmonary disease (COPD), heart
disease, malignant disease or acquired immune deficiency syndrome,
cirrhosis or diabetes mellitus). Data were also collected on redeemed
prescription for COPD or diabetes mellitus, use of non-steroidal anti-
inflammatory drugs (NSAID) steroids, tobacco, alcohol abuse (> 36 g
alcohol/day for males and > 24 g alcohol/day for females), surgical
delay (time from hospital admission to surgery), shock on admission to
the hospital (systolic blood pressure < 100 mmHg together with hart
rate > 100) and ulcer location (stomach, duodenum, gastro-duo-
denum).

2.4. Outcome measures

The primary outcome measure was postoperative 30-day mortality.
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2.5. Statistical analysis

The main hypothesis was: H* the 30-day mortality risk following
operation is lower for laparoscopic surgery than for open surgery. The
hypothesis was tested by comparing a group of laparoscopic patients to
a group of matched controls receiving open surgery.

A propensity score matching approach was used to identify controls
resembling patients receiving laparoscopic treatment. Propensity scores
are calculated using a random forest algorithm and transformed into
the log of model predicted odds [16,17]. Controls are matched using a
nearest-neighbor algorithm with replacement. The same patient can
appear as a control for several different cases and is weighted accord-
ingly. A caliper threshold of 0.1 is used to ensure that only neighbors
within a 0.1 distance (in the log of odds scale) are matched. The
psmatch2 (E. Leuven and B. Sianesi. (2003), PSMATCH2: Stata module
to perform full Mahalanobis and propensity score matching, common
support graphing, and covariate imbalance testing) package for Stata 14
was used for the matching. All calculations were performed in Stata 14
and R 3.6.0. Variables which after propensity score matching and
weighting are still unbalanced by p < 0.1 are introduced as control
variables. A variable recording surgical complications is also used as a
control variable, but not as a propensity score matching factor because
it functions as a mediator and not as a confounder. Surgical compli-
cations were defined as a postoperative complication requiring surgical
or radiological intervention, such as reperforation, wound dehiscence,
drainage of intraabdominal abscess and another intraabdominal re-
operation.

Cox proportional hazards regression model was used to compare the
mortality of cases and controls. The proportional hazards model was
preferred as it involves no assumptions of baseline hazards, only of the
proportionality of hazards over time. Postoperative mortality hazard
rates can be time dependent, which could lead to a violation of the
assumption of constant rates which mark the alternative Poisson model.
The Kaplan-Meier survival function was plotted as a visual re-
presentation of data.

Laparoscopy patients were compared to the general group of pos-
sible controls receiving open surgery, and to the subsample of matched
and weighted controls. X statistics and Wilcoxon rank sum tests were
used for inferential comparisons. N and percentages were reported for
categorical variables; mean and standard deviations were reported for
numerical variables.

2.6. Missing data

Additional categories were added containing observations with
missing data for each categorical variable with missing observations.
Numerical variables with missing data were first recoded into ordinal
variables and additional missing category was added. The random
forest algorithm for propensity score estimation took into account the
missing data categories.

3. Results

A total of 1453 patients were treated surgically in Denmark for PPU
from September (1st) 2011 to December (31st) 2015. 36 patients with
missing data for the type of treatment were excluded from the study. An
additional 31 patients were excluded due to missing date of death. 367
patients who laparoscopic operation followed by open surgery were
excluded from the study. Six patients were excluded because of in-
accurate recording of the time of death. Five patients with an ASA score
of 5 were excluded from the open surgery group, since there were no
ASA scores of 5 observed in the laparoscopy group. The total study
population comprised 1008 patients, 507 who were treated lapar-
oscopically and 501 who were treated by open surgery. Because of the
0.1 caliper threshold for propensity scores, the final matching analysis
sample had 504 in the laparoscopy group and 504 weighted
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1453 patients surgically treated for PPU in Denmark
between September 2011 and December 2015
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Fig. 1. Study sample flowchart.

observations derived from 232 unique observations in the open surgery
group. (Fig. 1).

Before matching, the group of open surgery patients diverged on
several important and possibly confounding variables. Tables 1a and 1b
shows significantly higher mean age, higher ASA scores, different
weight and BMI distributions, different surgery delay time distribution,
a higher proportion of patients in hemodynamic shock, different
smoking habits, higher prevalence rates of cardiovascular diseases,
cirrhosis and malignant diseases in the group of unmatched controls
compared to laparoscopy group. After matching and weighting a subset
of controls, statistically significant differences were observed only for
surgery delay time (Table 1b). Table 2 shows a much higher rate of
complications in the laparotomy group. This was balanced after

Table 1a
Baseline characteristics before and after matching — continuous variables.

matching. Complications were not included as a matching variable
since they occurred after treatment selection.

The unadjusted 30-day mortality was significantly lower for pa-
tients receiving the laparoscopic surgery compared to the open surgery
(HR = 0.48, 95% CI: 0.36-0.65). After matching and weighting con-
trols, in order to reduce confounding and minimize selection bias, the
difference in mortality was reduced and was not significant
(HR = 0.88, 95% CI: 0.63-1.23). After controlling further for surgery
delay, COPD prescription drug use, NSAID prescription drugs and
complications during the procedure the estimated mortality rate was
similar in the laparoscopy group and the matched and weighted la-
parotomy controls (HR = 0.82, 95% CI: 0.59-1.15) (Fig. 2). The 30-day
mortality rate was 13.1% (66 out of 504 patients) for laparoscopy and

Continuous measures Before matching

After matching

Laparoscopy (n = 507) Open surgery - all possible (n = 501) Laparoscopy (n = 504) Open surgery - matched and weighted (n = 504)

Mean SD Mean SD p-value (Wilcox.) Mean SD Mean SD p-value (Wilcox.)
Age 64.3 18.0 70.7 14.5 0.000 64.5 17.9 66.2 16.3 0.314
ASA score 2.2 0.9 2.6 0.9 0.000 2.2 0.9 2.2 0.9 0.090
Height (cm) 170.5 9.3 169.5 10.1 0.104 170.5 9.3 171.3 10.2 0.412
Weight (kg) 70.9 18.5 70.1 18.3 0.486 70.9 18.6 69.8 15.5 0.796
Body Mass Index 24.3 5.3 24.2 5.2 0.882 24.3 5.3 23.7 4.4 0.389
Hours from registration to 25.0 203.0 32.5 132.7 0.017 25.0 203.6 18.3 80.8 0.484

operation
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Table 1b
Baseline characteristics before and after matching — categorical variables.
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Before matching

After matching

Laparoscopy Open surgery - all possible Laparoscopy Open surgery - matched and weighted
n % n % p-value (Xz) n % n % p-value (xz)
Categorical measures 507 100 501 100 0.850 504 100 504 100
Gender
Female 253 49.9 249 49.7 251 49.8 231 45.8
Male 254 50.1 252 50.3 0.949 253 50.2 273 54.2 0.207
Hemodynamically instable patient
No 472 93.1 403 80.4 470 93.3 465 92.3
Yes 33 6.5 95 19.0 32 6.3 37 7.3
Missing 2 0.4 3 0.6 0.000 2 0.4 2 0.4 0.823
Alcohol abuse
No 426 84.0 403 80.4 424 84.1 425 84.3
Yes 66 13.0 79 15.8 66 13.1 65 12.9
Missing 15 3.0 19 3.8 0.327 14 2.8 14 2.8 0.996
Smoking
Never 137 27.0 152 30.3 137 27.2 124 24.6
Ex-smoker 64 12.6 95 19.0 64 12.7 57 11.3
Yes 275 54.2 224 44.7 273 54.2 295 58.5
Missing 31 6.1 30 6.0 0.007 30 6.0 28 5.6 0.578
Diagnoses
Diabetes 446 88.0 432 86.2 0.410 445 88.3 457 90.7 0.218
COPD 391 77.1 376 75.0 0.441 389 77.2 406 80.6 0.190
Cardiovascular disease 344 67.9 296 59.1 0.004 341 67.7 334 66.3 0.639
Liver cirrhosis 499 98.4 482 96.2 0.029 496 98.4 500 99.2 0.245
Active malign disease 465 91.7 431 86.0 0.004 462 91.7 457 90.7 0.579
Prescription drugs
Antidiabetics 455 89.7 444 88.6 0.567 453 89.9 461 91.5 0.386
COPD drugs 400 78.9 392 78.2 0.801 398 79.0 419 83.1 0.091
Steroids 459 90.5 440 87.8 0.166 456 90.5 454 90.1 0.832
NSAID 362 71.4 377 75.2 0.167 359 71.2 385 76.4 0.063
Location of perforation
Stomach 266 52.5 273 54.5 265 52.6 258 51.2
Duodenum 201 39.6 200 39.9 201 39.9 218 43.3
Gastro-duodenum 33 6.5 16 3.2 32 6.3 20 4.0
Missing 7 1.4 12 2.4 0.064 6 1.2 8 1.6 0.279
Table 2 compared non-academic institutions with OR 0.55 (95% CI: 0.42-0.71)
Distribution of surgical complications. (Table 3). In two academic university hospitals, surgeons used lapar-
Surgical complications  Laparotomy Laparoscopy Total otomy alone as a preferred surgical approach. Possible explanations for
this could be a different interpretation of role of laparoscopy in the
n % n % n % treatment of patients with PPU or in a definition of a university hospital
. in Denmark. Three-fifths of the public hospitals in Denmark are regis-
No complications 376 75.1 444 87.6 820 81.4 . . . .
Complications 101 202 54 107 155 154 tered as university hospitals, mainly because The Faculty of Health and
Missing data 24 4.8 9 1.8 33 3.3 Medical Sciences at the University of Copenhagen, which has colla-
Total 501 507 1008 boration with all hospitals in the Zealand region, makes them part of

14.7% (74 out of 504 patients) for the matched controls in the open
surgery group. This difference is not significant (p = 0.466). Compli-
cations were present in 11.6% of procedures among matched controls
and 10.5% in the laparoscopy group. Data was missing for 4.8% among
matched controls and 1.6% in the laparoscopy group. The results are
robust after adjusting for these possibly mediating mechanisms occur-
ring during the procedure.

4. Discussion

In the present study we demonstrate that laparoscopic treatment for
PPU results in a similar adjusted 30-day mortality as PPU treated with
open surgery.

Laparoscopic surgery is increasingly being used as the preferred
approach for many abdominal surgical emergencies including PPU [8].
Our data supports these observations as we noticed a stable rise in the
relative number of laparoscopic operations in our study population, in
period from 2011 to 2015 (Fig. 3).

Laparoscopy was less frequently employed in academic institutions
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Copenhagen University Hospital.

We compared open surgery versus laparoscopy in hospitals with 10
and fewer procedures per year to hospitals with more than 10 proce-
dures per year. In hospitals with a larger volume of surgeries, the la-
paroscopic approach was more common suggesting that the more fa-
miliar surgeons are with laparoscopic approach, the more likely they
will use it in acute setting (Table 4).

Four randomized controlled trials (RCT) and a several systemic re-
views and meta-analyses have examined laparoscopic treatment of PPU
[9,18-22]. A 2013 Cochrane review of three RCTs reported no statis-
tically significant difference in mortality between laparoscopic surgery
and open surgery. Since 2013, three additional randomized studies
have been published. One was retracted, and another had significant
methodological limitations, leaving only one study comprising 119
patients; 58 in the laparoscopic and 61 in the open repair group. In a
2016 meta-analysis of five RCTs, mortality rates in the laparoscopic and
open surgery groups were similar [22].

Mpgller at al reported greater age, comorbidity, ASA class III and IV,
use of NSAID and steroids, delayed surgery > 24 h, shock, abnormal
levels of serum albumin, creatinine and pH were associated with
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Fig. 2. Mortality in patients with PPU comparing laparoscopy vs. open surgery, before and after matching and adjusting for the differences of known confounders.
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Fig. 3. Distribution of surgical approach for treatment of PPU in our study.

Table 3
Distribution of surgical approach in Academic vs. Non-academic Institutions.
Academic Institution ~Laparotomy Laparoscopy Total
n % n % n %
Yes 360 54.96 295 45.04 655 100
No 141 39.94 212 60.06 353 100
501 507 1008
Table 4
Distribution of surgical approach in Low-volume vs. High-volume Institutions.
Number of operations for PPU per Laparotomy Laparoscopy Total
institution
n % n % n %
<10 operations per year 210 60 140 40 350 100
> 10 operations per year 291 44.22 367 55.78 658 100
Total 501 507 1008

mortality [4]. Low BMI and surgical delay after admission to hospital
also have been recognized as independent prognostics factors for
mortality [14,15]. Some of these factors are incorporated into scoring
systems used to predict outcomes in PPU patients. The most commonly
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used are Boey score and ASA classification [23,24]. The later employs
the PULP score with similar or slightly better accuracy [25]. Outcome
scoring systems have not identified the type of surgery as a factor that
predicts mortality.

Our unadjusted results showed a significant difference in mortality
in patients with PPU treated with laparotomy compared to laparoscopy.
This difference, however, disappeared after patients in these two groups
were matched using known mortality risk factors and the influence of
confounding factors were minimized (Fig. 2).

Wilhelmsen at al reported a lower risk of re-operation in patients
undergoing laparoscopy surgery compared to open surgery or those
who underwent open surgery following laparoscopy [26]. In their
study, 90-day mortality was higher in patients who had re-operation,
though not statistically significant. The study included the same po-
pulation in the that we used in our study. This raises the question if
there is a potential benefit of laparoscopic surgery in terms of 90-day
mortality and if the rate of surgical complications is related to the
surgical approach This question should be answered in future rando-
mized controlled trials.

We chose to use a per-protocol analysis and to eliminate patients
who underwent laparoscopic surgery followed by open surgery. We
know from the previous research [26] that patients who have laparo-
scopy followed by open surgery have a higher risk of complications
comparing to laparoscopy. We felt that per-protocol analysis would
provide the optimal way to investigate the potential association be-
tween the surgical approach and outcome. Aware of risk for bias in-
herent in the chosen methodology, we conducted additional sensitivity
analyses (Fig. 4a, b and 4c), where laparoscopy followed by surgery
were included both on intention-to-treat and as-treated basis. The re-
sults of the sensitivity analyses are consistent with results from per-
protocol analysis supporting the inference that there is no association
between short term mortality and surgical approach.

We contemplated using postoperative complications as a matching
factor in our analysis. It appears that postoperative surgical complica-
tions are a complex mortality factor that is heavily associated to other
known preoperative mortality factors. There was a higher risk of
complications in the laparotomy group compared to laparoscopy before
matching, which was equilibrized after matching. This indicates that
the preoperative mortality factors not only predict mortality but also
the risk of postoperative complications.

We applied matching with replacements, with the possibility of
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matching one control to several cases. We chose to use this approach
because we had less data from controls compared to cases. The simpler
replacement weights that we used allowed us to create a control sample
that could be evaluated and compared to the laparoscopic patients in a
simple and transparent manner, similar to a randomized control group
[27].

Limitations of this study are the statistical analysis (propensity
score) and the observational study design. Mortality was adjusted for
most of the currently known mortality predictors. Other known mor-
tality predictors such as low albumin and high creatinine levels, as well
as other potential factors such as postoperative complications or
duration of hospitalization, that could influence mortality, were not
included in the analysis.

External validity of the study is ensured by using appropriate sta-
tistical analysis to strengthen internal validity and by replicating results
from the randomized controlled trials based on different study popu-
lations from China and Netherlands.

5. Conclusion

In conclusion, the present study demonstrates that laparoscopic
surgery in patients with PPU has a similar 30-day mortality to open
surgery when adjusted for known mortality risk factors. More well
powered randomized clinical trials are needed to investigate the role of
laparoscopic surgery in treatment of patients with PPU.
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