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Abstract Background: This study
assessed the surgical concept and
prognosis of perforated gastro-
duodenal ulcers. Patients and 
methods: Data from 102 patients
who underwent emergency surgery
for peptic ulcer perforation were 
recorded prospectively. To evaluate
morbidity and mortality ulcer perfo-
ration was classified into three types:
type A, solitary peripyloric ulcer 
located anteriorly in which lapar-
oscopic closure by suture with
omentoplasty was treatment of
choice and postoperative endoscopic
biopsy was mandatory; type B, 
perforated ulcer with large defect 
in which excision and suture was
necessary; type C, complicated per-
forated ulcer with destruction of
proximal duodenum and penetration
into adjacent organs in which resec-
tional surgery was indicated. 
Results: Morbidity and mortality

were significantly lower in type A
(9%, 4%, respectively) than types B
(22%, 20%) and C (34%, 17%). 
Closure of type A perforation was
managed laparoscopically in all
cases. Billroth II resection was per-
formed in 75% of type C cases. 
Age, ASA status, and time of surgery
were independent prognostic factors
by multivariate analysis, with in-
creased mortality in patients older
than 65 years, ASA III and IV, and
surgery after 24 h following onset of
symptoms. Conclusions: Prognosis
of perforated ulcer disease is highly
correlated with age, comorbid condi-
tions (ASA status), and time of sur-
gery. The proposed classification
system helps to determine patients at
risk of mortality.
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Introduction

As medical treatment including the administration of H2-
receptor antagonists in the 1970s followed by the use of
proton-pump inhibitors in the 1980s has substantially
been improved, elective surgery for gastroduodenal ulcer
disease has been dramatically decreased [1, 2]. However,
the incidence of emergency surgery for perforated ulcer
has remained relatively unchanged, and potentially in-
creased [3, 4]. Although many retrospective and prospec-
tive studies focusing on surgical management including
laparoscopic approaches have been published, there is the
need for stratifying patients in terms of surgical strategy

and risk factors predictive of mortality. Therefore it was
the goal of this study to assess surgical concept and prog-
nosis of perforated gastroduodenal ulcer.

Methods

Data collection

Over a period of 5 years (1996–2000) 102 patients (57 women, 
45 men) with a mean age of 69 years (range 21–93) underwent
emergency surgery for perforated ulcer. Excluded patients were
perforated ulcers at the anastomotic site following former ulcer
surgery and patients with cancer perforation. Data were prospec-
tively recorded in a computerized registry database including gen-

P. Kujath (✉) · O. Schwandner 
H.-P. Bruch
Department of Surgery, 
Medical University of Lübeck, 
23538 Lübeck, Germany
e-mail: kujath-luebeck@t-online.de
Tel.: +49-451-5002011
Fax: +49-451-5002069

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Ja     Piktogramme einbetten: Ja     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 600 600 ] dpi     Papierformat: [ 595 785 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 150 dpi     Downsampling für Bilder über: 225 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: Mittel     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Bikubische Neuberechnung     Downsample-Auflösung: 600 dpi     Downsampling für Bilder über: 900 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: JaSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren     Methode: StandardArbeitsbereiche:     Graustufen ICC-Profil:      RGB ICC-Profil: sRGB IEC61966-2.1     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2Geräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Nein     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Nein     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: NeinANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments false     /DoThumbnails true     /CompressPages true     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize true     /ParseDSCCommentsForDocInfo false     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue false     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Bicubic     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Bicubic     /DetectBlends false     /GrayImageDownsampleType /Bicubic     /PreserveEPSInfo false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /sRGB     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 150     /EndPage -1     /AutoPositionEPSFiles false     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 600     /AutoFilterGrayImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 150     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 600 600 ]>> setpagedevice



299

der, patient age, American Society of Anesthesiologists (ASA)
status, comorbid conditions (cardiovascular, pulmonary, metabol-
ic, hepatic, renal, or concomitant malignant disease), concomitant
immunosuppression (patients after renal transplantation, under
chemotherapy or radiation), preoperative risk factors of ulcer dis-
ease (nonsteroidal anti-inflammatory drugs, steroids, Helicobacter
pylori infection, conservative treatment prior to surgery), type of
ulcer perforation, sepsis on admission, time of surgery (after onset
of symptoms), type of surgery (laparoscopic or open; resectional
or nonresectional), severity of peritonitis including microbiologi-
cal findings (bacterial, fungal), postoperative course on intensive
care, morbidity (surgical, septic, and cardiopulmonary) and mor-
tality, among others. Follow-up information was obtained by clini-
cal records.

Classification system and surgical concept

To assess morbidity and mortality objectively following emergen-
cy surgery related to ulcer location, severity of defect and type of
procedure, gastroduodenal ulcer perforation was classified retro-
spectively into three types:

● Type A: solitary peripyloric ulcer located anteriorly in which
laparoscopic closure by suture with omentoplasty was treat-
ment of choice and postoperative endoscopic biopsy was man-
datory to identify treatable H. pylori infection and to exclude
malignancy (n=23)

● Type B: perforated ulcer with large defect in which excision
and suture was necessary by open surgery (n=50)

● Type C: complicated perforated ulcer with destruction of prox-
imal duodenum and penetration into adjacent organs in which
resectional surgery was indicated (n=29)

In terms of preoperative risk factors of ulcer disease, patients with
ulcerogenic medical treatment (nonsteroidal anti-inflammatory
drugs, steroids) were significantly more frequently observed in
type B and C ulcer than in type A, while the incidence of H. pylori
was significantly lower. Also, the proportion of patients with ad-
vanced age (>65 years) and ASA status III and IV were signifi-
cantly more common in types B and C than in type A (Table 1).

Diagnosis and surgery

Diagnosis of suspected gastroduodenal ulcer perforation was made
clinically (acute abdomen) and confirmed by radiological exami-
nation (free intra-abdominal air). Emergency surgery was indicat-
ed if patients had acute abdomen with signs of sepsis or hemody-
namic instability. Preoperatively all patients had intravenous anti-
biotics (mezlocilline plus sulbactame or cefotaxime plus metron-
idazole) which was continued postoperatively if severe peritonitis
was found. Medical treatment with proton-pump inhibitors was
begun (omeprazole 80 mg per day) preoperatively in every patient
and continued for a minimum of 14 days (in combination with oral
eradication therapy in H. pylori positive patients). Antifungal ther-
apy (fluconazole) was only administered if patients with severe
sepsis had positive both microbiological and histological samples,
or positive blood cultures.

Surgical procedures included nonresectional procedures in per-
forated ulcers type A and B (laparoscopic suturing with omento-
plasty, open excision) and gastric resection in type C (Billroth I,
Billroth II, or atypical resection). Excision of type B ulcer was pri-
marily performed due to technical reasons (large defect, safe clo-
sure, histopathology including H. pylori status). In our policy, pro-
grammed relaparotomy was performed within 24 h if severe four-
quadrant peritonitis was found in emergency procedure to reduce
toxic potential [5]. All tissue excised or resected was examined
histopathologically to exclude malignancy, or to possibly show 
H. pylori infection. Patients who underwent laparoscopic closure
by suture had endoscopy with biopsy to identify treatable 
H. pylori infection postoperatively according to [2].

Statistical analysis

Univariate analysis was performed to determine risk factors for
mortality after emergency surgery for perforated ulcer by χ2 test
and Student’s t test using SPSS software (SPSS, Chicago, Ill.,
USA). Statistically significant variables assessed by univariate
analysis were entered into a multivariate logistic regression analy-
sis to determine independent factors predictive of mortality using
NCSS software (NCSS, Kaysville, Utah, USA). For logistic re-
gression analysis data were coded as dichotomous variables in
terms of time of surgery (<24 h after onset of symptoms or >24 h
after onset of symptoms). Statistical significance was accepted at
the probability of randomness level of P<0.05.

Results

Results of surgery

Simple closure with omentoplasty was carried out lapar-
oscopically in all patients with type A ulcer. In those
with type B ulcer open excision with primary closure of
the abdomen was performed in 75%, whereas pro-
grammed re-laparotomy (relavage) due to four-quadrant
peritonitis was carried out in 25%. One-third of patients
with type C ulcer had programmed relavage related to
peritonitis. Sixty percent of penetrations occurred into
the pancreas, followed by penetration into biliary tract 
or liver. Most common type of gastric resection was 
Billroth II resection in 75%, followed by Billroth I resec-
tion in 15%, and atypical (limited) gastric resection in
10% of patients.

Morbidity and mortality

As demonstrated in Table 2, morbidity rates were lower
in type A ulcer perforation than in type B and type C

Table 1 Perforated gastroduo-
denal ulcer: ulcerogenic agents,
age, and ASA status by type
(percentages)

Type A Type B Type C 
(n=23, 22%) (n=50, 49%) (n=29, 29%)

Intake of NSAID and steroids* 30 66 59
H. pylori infection* 44 18 17
Age >65 years* 30 52 48
ASA status III and IV* 35 72 62* P<0.05 type A vs. types B

and C (χ2)
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(P<0.05), while morbidity rates did not differ signifi-
cantly between type B and C ulcers. Insufficiency of
laparoscopic suture, excision, or resection (Billroth I re-
section) occurred only once observed per group. Only
three patients (two type B, one type C) died due to septic
multiorgan failure. Most common causes of death were
cardiopulmonary conditions (pneumonia, heart failure)
without intra-abdominal sepsis postoperatively. Mortali-
ty rates were significantly lower in type A (mortality
4%, one from heart failure following myorcardial infarc-
tion) than in type B (mortality 20%, three from pulmona-
ry decompensation following pneumonia, three from
heart failure, two from septic multiorgan failure) or C
(mortality 17%, two from pulmonary decompensation
following pneumonia, two from heart failure, one from
intra-abdominal sepsis with multiorgan failure).

Univariate analysis demonstrated that age, ASA 
status, time of surgery, severity of peritonitis, immuno-
suppression, and concomitant malignant disease were 
related to mortality (P<0.05). However, multivariate
analysis identified age, ASA status and time of surgery
as significantly predictive of mortality – with a signifi-
cant worse prognosis in patients over 65 years of age,
with ASA status III or IV, and with a delay of surgery
24 h after onset of symptoms. According to regression
analysis, combined probability of mortality is 60.5% in
the presence of all four risk factors together.

Discussion

Emergency surgery for perforated ulcer presently carries
a mortality risk of up to 30% [2, 4]. Within the past de-
cade several retrospective and prospective studies have
identified risk factors predictive of mortality including
age, delay to surgery, shock on admission, low albumin
concentration, concurrent medical illness, ulcer location,
renal failure, liver cirrhosis, and immunosuppression 
[2, 4, 6, 7, 8, 9, 10, 11, 12, 13]. Concomitant medical 
comorbidity, particularly cardiovascular, pulmonary, and
metabolic (diabetes mellitus) which is present in
40–60% of patients with ulcer perforation has been

shown to increase postoperative mortality to 50% or
more [7, 8, 11, 14]. Moreover, studies have confirmed
that if preoperative shock, perforation for more than
24 h, age over 70 years, and concomitant medical illness
are simultaneously present, mortality reaches 100% 
[15, 16]. Additionally there is considerable postoperative
morbidity which affects up to two-thirds of the patients
and includes pneumonia, wound infection, and intra-
abdominal abscess. As surgery for perforated ulcers is
performed frequently in the elderly, the postoperative
course is usually complicated by morbidity directly asso-
ciated with cardiovascular or metabolic illness [2, 4, 14,
16].

Many scoring systems have been introduced to assess
prognosis objectively after emergency surgery that at-
tempt to identify patients with a higher risk of morbidity
and mortality. In 1987 Boey and colleagues [15] intro-
duced a risk stratification system, the so-called Boey
score, to identify patients with a higher risk of mortality
after open surgery for perforated ulcers. They prospec-
tively stratified their patients related to three prognostic
factors: preoperative shock, perforation for more than
24 h, and associated medical illness. Patients with no,
one, two, and three risk factors were documented to
show mortality rates of 0%, 10%, 45.5%, and 100%, 
respectively [15]. Lee and colleagues [17] analyzed 
436 patients with perforated peptic ulcers and identified
the Acute Physiology and Chronic Health Evaluation II
(APACHE II) score, which is commonly used in surgical
intensive care, as an independent predictor of mortality
and morbidity. They suggested dividing APACHE II
score at the median to distinguish between a “low-risk”
(<5 points) and a “high-risk” group (>5 points). How-
ever, they claimed that different surgical procedures en-
tail similar morbidity and mortality rates, and the cutoff
point (score 5) which they used is controversial as previ-
ous studies have shown that APACHE II scores of 11 or
less are negligible [18, 19].

In the discussion of surgery for perforated ulcer, sur-
geons know that young, healthy patients who present
early with perforation have an excellent prognosis, while
older patients with comorbid conditions with neglected
perforation have a poor prognosis. Therefore the aim of
this study was to assess both surgical concept and prog-
nosis of perforated gastroduodenal ulcer classified into
three types according to ulcer location and surgical pro-
cedure.

The current results indicate that emergency surgery for
type A ulcers can be performed safely by laparoscopy
with acceptable morbidity and mortality rates. In type B
and C ulcers morbidity and mortality were affected pri-
marily by age, ASA status, and delayed treatment. This
has been verified by multivariate analysis and has been
demonstrated by other series as well [9, 12, 13, 17].

There is an ongoing debate over whether simple clo-
sure (with or without omentoplasty) is safe and sufficient

Table 2 Deaths

Reason for morbidity Type A Type B Type C

Leakage 1 1 1
Intra-abdominal abscess 0 2 0
Pancreatitis 0 0 2
Pulmonary embolism 0 0 2
Pneumonia 0 3 2
Myocardial infarction 1 3 3
Others 0 2 0
Total* 2 (9%) 11 (22%) 10 (34%)

* P<0.05 type A vs. types B and C (χ2)
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to treat perforated ulcer, or whether resectional surgery
(“definitive surgery”) which has been commonly per-
formed in recent decades and is still commonly used in
Japan, Asian countries, and Eastern Europe, should be
the preferred surgical option [2, 20, 21, 22]. In Japan
high rates of gastric resection are reported (up to 80%),
while simple closure or fibrin glue is performed in less
than 5% of cases [10, 20]. Previously published data of
the Copernicus Study Group and Acute Abdominal Pain
Study Group have shown that the proportion of resec-
tions is significantly higher in Eastern Europe (41.1%)
than in Germany (16.1%) [23]. Additionally, since its in-
troduction in 1990 laparoscopic surgery for perforated
ulcer has been performed safely in many centers [24, 25,
26, 27], although a prospective randomized study pub-
lished by Lau and colleagues [28] in 1996 showed no
significant benefits of the laparoscopic approach in com-
parison to open surgery.

Concerning surgical technique, our results demon-
strate that type A ulcers can be managed by simple clo-
sure with omentoplasty by the laparoscopic technique.
No conversion was required, and insufficiency requiring
relaparoscopy occurred in only one case. However, post-
operative endoscopy with biopsy to identify treatable 
H. pylori infection and to exclude malignancy is manda-
tory. In type B ulcers, excision with closure is carried out
primarily for technical reasons, such as when the defect
is too large only to be sutured laparoscopically. As type
C ulcer perforation always presents with a substantial
destruction of the proximal duodenum, and penetration
into adjacent organs, mainly pancreas, is not uncommon,
it is our policy to perform a resection (Billroth I or II),
whereas Billroth II resection frequently had to be per-
formed in type C ulcers with significant destruction 
of the duodenum. Reconstruction was performed by
Roux-en-Y drainage, alternatively by an omega sling.
Our results also indicate that in comparison to type B 
ulcers the resection does not increase morbidity or mor-
tality significantly. However, the term “definitive” 
surgery for these types of perforated ulcers is no longer
justified, as simple closure in type A, or excision and
closure in type B, is also safe, and “definitive” surgery

implicates that nonresectional surgery is disadvanta-
geous or associated with high recurrence rates.

Finally, controversy surrounds whether conservative
treatment of perforated gastroduodenal ulcer is justified
in selected patients [8, 29, 30]. According to the review
of Zittel and colleagues [2], conservative treatment is
possible in 60% of cases, while 30% of patients need
emergency surgery. However, in clinical practice, non-
operative management is controversial, and commonly
accepted guidelines do not exist. Conversely, reflecting
our results, a majority of patients with type B and type
C ulcer perforation were admitted to clinic too late, and
diagnosis was neglected in many patients of advanced
age with high coincidence of comorbid conditions, so
that surgery was performed with considerable delay.
This potentially explains the high morbidity and mortal-
ity rates after surgery for type B and type C ulcer perfo-
ration in the current series, reflecting a prejudicially
stratified series of patients. Therefore our policy, in 
accordance with that of Marshall and colleagues [30], is
that particularly these patients need an early decision for
surgery.

Conclusion

Prognosis of perforated ulcer disease is highly correlated
with age, comorbid conditions (ASA status), and time of
surgery. The proposed classification system helps to
identify patients at risk of mortality and shows that type
A ulcer perforation entails no mortality if laparoscopic
repair is performed without delay, whereas mortality is
extraordinarily high if type B or type C are simulta-
neously related to delayed surgical treatment in ASA III
or IV patients with advanced age and with concomitant
immunosuppression due to malignant disease of other
origin. Therefore surgical treatment should not be de-
layed, and prognosis is affected primarily by comorbid
conditions in the elderly.
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