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Abstract

BACKGROUND

The incidence of peptic ulcer disease has decreased during the last few decades,
but the incidence of reported peptic ulcer complications has not decreased.
Perforating peptic ulcer (PPU) is a severe form of the disease.

AIM

To assess trends in the incidence, presentation, and outcome of PPU over a period
of 40 years.

METHODS

This was a single-centre, retrospective, cohort study of all patients admitted to
Levanger Hospital, Norway, with PPU from 1978 to 2017. The patients were
identified in the Patient Administrative System of the hospital using International
Classification of Diseases (ICD), revision 8, ICD-9, and ICD-10 codes for
perforated gastric and duodenal ulcers. We reviewed the medical records of the
patients to retrieve data. Vital statistics were available for all patients. The
incidence of PPU was analysed using Poisson regression with perforated ulcer as
the dependent variable, and sex, age, and calendar year from 1978 to 2017 as
covariates. Relative survival analysis was performed to compare long-term
survival over the four decades.

RESULTS

Two hundred and nine patients were evaluated, including 113 (54%) men. Forty-
six (22%) patients were older than 80 years. Median age increased from the first to
the last decade (from 63 to 72 years). The incidence rate increased with increasing
age, but we measured a decline in recent decades for both sexes. A significant
increase in the use of acetylsalicylic acid, from 5% (2/38) to 18% (8/45), was
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observed during the study period. Comorbidity increased significantly over the 40
years of the study, with 22% (10/45) of the patients having an American Society of
Anaesthesiologists (ASA) score 4-5 in the last decade, compared to 5% (2/38) in
the first decade. Thirty-nine percent (81/209) of the patients had one or more
postoperative complications. Both 100-day mortality and long-term survival were
associated with ASA score, without significant variations between the decades.

CONCLUSION

Declining incidence rates occurred in recent years, but the patients were older and
had more comorbidity. The ASA score was associated with both short-term
mortality and long-term survival.

Key Words: Perforated peptic ulcer; American Society of Anaesthesiologists classification;
Charlson Comorbidity Index; Gastric ulcer; Duodenal ulcer; Epidemiology; Incidence;
Clavien-Dindo classification of complications; Mortality

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We sought to review the epidemiology of perforated peptic ulcer in a stable
population at a primary hospital over a period of 40 years. The incidence rate has declined
in recent decades for both sexes, though median age and comorbidity have both increased.
Complications occurred more frequently and were more serious in recent decades, in older
patients, in patients with comorbidities, and in patients with higher American Society of
Anaesthesiologists (ASA) scores. Both short- and long-term survival were associated with
ASA score, without significant variation between the decades.
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DOI: https://dx.doi.org/10.3748/wjg.v26.i35.5302

INTRODUCTION

The incidence of peptic ulcer disease (PUD), either gastric or duodenal, has decreased
during the last few decades with the discovery of the role of Helicobacter pylori (H.
pylori)'). However, the incidence of peptic ulcer complications has not decreased in
the same manner®’l. Bleeding and perforation are the most severe complications of
PUD¥. Due to progress in endoscopic and interventional radiological techniques,
bleeding is mostly considered a medical emergency and outcomes have improved.
Although bleeding is far more common than perforated peptic ulcer (PPU),
perforation accounts for most deaths associated with PUD*'"l and PPU remains a
surgical emergency, with high short-term mortality of 10%-30%!*".

Surgical repair with closure of the perforation, with or without an omental pedicle,
is the preferred treatment for PPU!>'l. This repair can be achieved through either
open repair or laparoscopy!>"l. Previous studies have shown a change in the
demography of PPU over the last few decades, with an increasing age at diagnosis in
recent years!>""l. Less is known about the implications of increased age in patients with
PPU in regards to treatment, complications, and mortality!>'>'>*".

Thus, the aim of this study was to investigate changes in demography and the effect
on treatment, complications, and short- and long-term mortality in patients admitted
to our hospital with PPU over four decades.

MATERIALS AND METHODS

Study population

Levanger Hospital is located in Middle Norway, with a catchment area of 85000 at the
start of the study period and 100000 in recent years. This retrospective study included
all patients diagnosed with benign PPU between January 1978 and December 2017.
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The patients were identified in the Patient Administrative System using International
Classification of Diseases (ICD), ICD-8 codes (531.00-531.09, 532.00, 533.00, 534.00),
ICD-9 codes (531.1-531.2, 531.5-531.6, 532- 533 with same decimals as for 531), and
ICD-10 codes (K25.1-K25.2, K25.5-K25.6, K26-K28 with same decimals as for K25).
Additional searches were done for the surgical codes for gastroraphy and
duodenoraphy. Demographic and clinical data were collected from the hospital
records.

The American Society of Anaesthesiologists (ASA) score was used to compare
preoperative comorbidity™, which was further classified using the Charlson
Comorbidity Index™l. Complications were classified according to the Clavien-Dindo
classification”*): Grade I, any small deviation from the normal postoperative course
treated at bedside or with certain drugs (e.g., antiemetics); grade II, complications
treated with transfusion or medicines other than allowed for grade 1 (e.g., antibiotics);
grade III, complications requiring endoscopic, radiological, or surgical intervention;
grade 1V, life-threatening complications; grade V, complications leading to death of
the patient.

Definitions
The incidence of PPU was defined as the number of new cases of PPU in the defined
population within 1 year. The incidence rate (IR) was defined as the incidence divided
by the total person-time at risk during the same year. The incidence rate ratio (IRR)
was defined as the ratio between two incidence rates.

Ulcer localisation was considered gastric when present anywhere in the stomach,
including pyloric ulcers. Localisation distal to the pylorus was categorised as
duodenal.

Study ethics

The study was approved by the Regional Ethics Committee (REK Midt # 2018/1510).
We also performed a data protection impact assessment in accordance with the
European General Data Protection Regulation before collecting datal™!.

Statistical analysis

The medians of two samples, such as age in men compared to women, were compared
by the Wilcoxon rank sum test. The Cochran-Armitage test was used to test for trends
in proportions. The Joncheere-Terpstra test was used to test for the distribution of age
as a dependent variable across decade groups as an independent variable. Ordinal
logistic regression was used to test associations in doubly ordered r X c tables, such as
for the Charlson Comorbidity Index and ASA score by decades. Logistic regression
analysis was used to test for an association between 100-day mortality as a dependent
variable and sex, age, year of admittance, Charlson Comorbidity Index, and ASA score
as independent variables.

The incidence of PPU was analysed using Poisson regression with perforated ulcer
as the dependent variable and sex, age in 5-year intervals (20-24, 25-29, up to 90-94, 95-
99), and calendar year from 1978 to 2017 as covariates. Non-linear relationships were
explored using fractional polynomials™!. Fractional polynomials are a method for
checking if the effect of an explanatory variable is linear, as in the basic Poisson
regression model.

The age and sex distribution for the 10 municipalities around Levanger Hospital for
every year from 1980 to 2016 was obtained from Statistics Norway. To study long-term
survival in this patient population over 40 years, we performed the relative survival
analysis using the Ederer II method*.. Multivariable analyses were performed using
the full likelihood approach. Survival probabilities by sex and age for the Norwegian
population for every year from 1978 were downloaded from the Human Mortality
Database!™.

Two-sided P values < 0.05 were considered significant. Medians were reported with
the range (minimum to maximum) and standard deviation (SD), as well as 95%
confidence intervals (Cls), as appropriate. Analyses were carried out in Stata 16 (Stata
Corp LP, College Station, Texas, United States), IBM SPSS Statistics 25 (SPSS Inc.,
Chicago, IL, United States), and StatXact 9 (1050 Winter St, Waltham, MA, United
States).
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RESULTS

Patient characteristics

Over 40 years, 209 patients with PPU were treated, including 113 (54%) men and 46
(22%) patients older than 80 years. In the first two decades of the observation period,
PPU occurred more frequently among men than women (ratio 3:2). In the last two
decades, this has evened out to nearly 1:1. Eighty-five percent of the patients presented
within 24 h after the onset of pain. Only 7 patients (3.3%) were admitted with a systolic
blood pressure < 90 mmHg.

Trends in patient characteristics according to decade of treatment are shown in
Table 1. The median age increased from 63 to 72 years from the first 10 years to the last
10 years of study (P = 0.018). The mean time from debut of symptoms until hospital
admission increased from 7 (SD 9) h in the first 10 years to 13 (SD 14) h in the last 10
years (P =0.019).

Incidence rates
The IR varied between 3.3-5.3 and 4.2-8.7 per 100000/ year for women and men,
respectively, throughout the observation period. The IR increased with increasing age,
without an upper limit (see Figure 1), until the second decade of the study period in
men and to the third decade of the study period in women. Recent years have shown a
declining tendency in both sexes (see Figure 1). Adjusted IRRs obtained from Poisson
regression with calendar year and age as covariates are shown in Table 2. The IR
increased significantly with age for both gastric and duodenal PPUs.

Figure 2 shows that the incidence of gastric ulcer perforations peaked around 1984,
whereas duodenal ulcer perforations peaked approximately 15 years later.

Predisposing factors

The use of acetylsalicylic acid increased significantly over 40 years, from 5% (2/38) the
first 10 years, to 18% (8/45) the last 10 years (Table 1). The proportion of patients with
PPU who used non-steroidal anti-inflammatory drugs (NSAIDs) or smoked did not
change significantly throughout the course of the study.

Comorbidity

The Charlson Comorbidity Index and ASA score increased significantly in patients
with PPU over 40 years (Table 1). In 1978-1987, 5% (2/38) of the patients had an ASA
score 4-5, increasing to 22% (10/45) during 2008-2017.

Treatment

Two hundred and six patients had open surgery; 201 with suture and omental patch, 5
with resections. Three patients were not operated on; one was 90 years old and about
to die at admission. Another 90-year-old was deemed too sick to tolerate narcosis and
operation. The third patient was 70 years old, multimorbid, and had previously
undergone difficult operations involving the upper abdomen. He had localised
peritonitis and was treated conservatively with nasogastric suction, intravenous drip,
antibiotics, and close clinical supervision. He survived. All three were admitted in the
last decade.

The median time from debut of symptoms to operation increased significantly (P =
0.004), from 8 h in the first decade to 17 h in the last decade. The median time from
admittance to hospital to operation and the duration of the operation and hospital stay
were stable through all four decades (see Table 3).

Complications

One or more complications occurred in 39% of patients (81/209). The two most
common complications were pneumonia (n = 18, 8.6%) and wound infections (n =12,
5.7%). Reoperation was performed in 14 (6.8%) patients for wound dehiscence (n =7,
3.4%), postoperative leak (n = 4, 1.9%), intestinal obstruction (1 = 1), severe bleeding
from duodenal ulcer (n = 1), and drainage of subphrenic and pelvic abscesses (1 = 1).
The Clavien-Dindo classification of complications is shown in Table 3. Complications
occurred more frequently and were more serious in recent decades, in older patients,
and in patients with comorbidities and higher ASA scores.

Mortality and long-term survival
The 100-day mortality was 20.6% (43/209) without significant variations between
decades. Based on ASA score, the 100-day mortality was 6% in patients with ASA
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Table 1 Trends in patient characteristics according to decade of treatment, n (%)

1978-1987 (n=  1988-1997 (n=  1998-2007 (n=  2008-2017 (n= P

n=209 38) 64) 62) 45) value
Sex

Women 14 (36.8) 26 (40.6) 31 (50.0) 25 (55.6) 0.049"
Men 24 (63.2) 38 (59.4) 31 (50.0) 20 (44.4)

Incidence (No./100000)

Women 3.3 (1.8t05.5) 6.0 (3.9 t0 8.8) 7.0 (4.8t09.9) 5.3 (3.4t07.8) 0.14"
Men 5.5 (3.6 to 8.3) 8.7 (6.2 to 12.0) 7.0 (4.8 t0 10.0) 4.2 (2.6 t06.5) 0.32°
Age, mean * SD, years 62+17 64+16 67 £ 16 6917 0.018°
Hours from symptom debut until admission, mean + 7+9 8+12 16 +29 13+14 0.019°
SD)

ASA class

II 30 (78.9) 46 (71.9) 33 (53.2) 24 (53.3) 0.001"
11T 6 (15.8) 13 (20.3) 19 (30.6) 11 (24.2)

v 2(5.3) 5(7.8) 10 (16.1) 9 (20.0)

\% 0 0 0 1(22)

Ulcer localisation

Gastric 25 (65.8) 27 (42.2) 26 (41.9) 19 (42.2) 0.059"
Duodenal 13 (34.2) 37 (57.8) 36 (58.1) 26 (57.8)

Past ulcer history 5(13.2) 25 (39.1) 16 (26.2) 0 0.022°
Smoker at present 19 (57.6) 40 (64.5) 27 (49.1) 26 (59.1) 0.89°
NSAID use 4 (10.5) 11 (17.2) 19 (31.1) 8 (17.8) 0.18°
Steroid use 2 (5.3) 2(3.1) 7 (11.5) 3(6.7) 0.42°
Salicylate use 2(5.3) 4(6.3) 10 (16.4) 8 (17.8) 0.025"
Charlson Comorbidity index

0 26 (68.4) 37 (57.8) 29 (46.8) 18 (40.0) 0.003¢
1 5(13.2) 22 (34.4) 24 (38.7) 13 (28.9)

2+ 7 (18.4) 5(7.8) 9 (14.5) 14 (31.1)

?Cochran-Armitage exact trend test.

"Poisson regression with calendar year as covariate.

‘Jonckheere-Terpstra exact test.

dOrdered logistic regression analysis. SD: Standard deviation; ASA: American Society of Anesthesiologists; NSAID: Non-steroidal anti-inflammatory

drugs.

Jaishideng®

score 2, 39% with ASA score 3, and 59% with ASA score 4-5. We performed a
multivariable, logistic regression analysis of 100-day mortality as a dependent variable
and sex, age, year of admittance, Charlson Comorbidity Index, and ASA score as
independent variables. Only ASA score was significantly associated with 100-day
mortality [odds ratio (OR) = 12.5; 95%CI: 3.5-41.8 for ASA score 3 and OR = 31.2 (7.4-
132) for ASA score 4-5].

The overall estimated 5-year relative survival was 95% (95%CI: 86-101) with ASA
score 2, 56% (95%CI: 37-74) with ASA score 3, and 12% (95%CI: 2-35) with ASA score
4-5.

In those who survived the first 100 days, the estimated 5-year relative survival was
98% (95%CI: 89-104) for ASA score 2, 84% (95%CI: 58-102) for ASA score 3, and 26%
(95%Cl: 3-63) for ASA score 4 (see Figure 3).
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Table 2 Factors associated with peptic ulcer perforation incidence rate ratios from 1978 to 2017. Data are presented as adjusted

incidence rate ratios from Poisson regression with calendar year and age as covariates

Male Female
P value P value

IRR (CI) IRR (CI)
Total peptic ulcer perforation
Calendar year 0.986 (0.970 to 1.001) 0.074 1.005 (0.988 to 1.023) 0.55
Age (per 5 yr) 1.040 (1.029 to 1.051) <0.001 1.060 (1.047 to 1.073) <0.001
Gastric ulcer perforation
Calendar year 0.979 (0.956 to 1.001) 0.063 0.998 (0.973 to 1.024) 0.90
Age (per 5 yr) 1.037 (1.022 to 1.053) <0.001 1.056 (1.038 to 1.075) <0.001
Duodenal ulcer perforation
Calendar year 0.992 (0.971 to 1.014) 0.49 1.011 (0.988 to 1.035) 0.36
Age (per 5 yr) 1.043 (1.028 to 1.058) <0.001 1.063 (1.045 to 1.080) <0.001

IRR: Incidence rate ratio; CI: Confidence interval.

Table 3 Trends in treatment and outcome according to decade of treatment, n (%)

1978-1987 (n=  1988-1997 (n=  1998-2007 (n=  2008-2017 (n= P

n=209 38) 64) 62) 45) value
Treatment

Simple closure with orwithout omentopexy 37 (97) 64 (100) 62 (100) 38 (84)

Gastric resection 1(3) 0 0 4(9)

No operation 0 0 0 3(7)

Hours from admission to operation, mean + SD 7+9 8+12 16 +29 13+ 14 0.019"
Duration of operation, mean * SD, min 72+ 29 78 £ 35 61 +£24 78 £40 0.15%
Re-operation 1(3) 4 (6) 6 (10) 4(9) 0.18"
Clavien-Dindo classification of complications

0 28 (74) 45 (70) 38 (61) 17 (38) 0.001°
1-2 6 (16) 8 (13) 9 (15) 13 (29)

3 1(3) 1(29) 4(7) 49

4 0 4 (6) 3(5) 3(7)

5 3(8) 6(9) 8 (13) 8 (18)

100-day mortality 7 (18) 11 (17) 16 (26) 9 (20) 0.56"
Estimated 10-yr relative survival in patients surviving 100 97 (70-114) 71 (52-87) 86 (64-103) 86 (51-108) 0.441

d, (95%CI)

“Jonckheere-Terpstra exact test.

Cochran-Armitage exact trend test.

“Ordered logistic regression analysis.

dRelative survival analysis with calendar period as covariate. SD: Standard deviation; CI: Confidence interval.

DISCUSSION

This study demonstrated a trend of increasing age and comorbidity in patients
admitted for PPU over 40 years. Complications were more common in recent decades.
However, we found no significant variations between short-term mortality between
the decennia. Comorbidity measured bythrough ASA score was a good prognostic
factor regarding short-term mortality and long-term survival.
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Figure 1 Effects of age and calendar year on the number of patients presenting with perforated peptic ulcer. Data are Poisson regression with
fractional polynomials. 95% confidence intervals are shaded grey, and the y-axis is a logarithmic scale. Left, males. The effect of age was linear in both males and
females, without an upper limit. Incidence increased, peaking 10 yr earlier in males than in females.
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The median age of patients with PPU increased with each decade. In the last decade,
more than half of the patients with PPU were > 70 years old. Women constituted a
greater share of the patients with PPU with time, surpassing men in the last decade.

The incidence rates for PPU in our population were similar to previous studies,
which reported an incidence of 4-15 per 100000/ year"”'?. The IR tended to decline
during the last half of the observation period, and this tendency occurred almost one
decade earlier for men than women. Over the same period, the IR was similar between
the sexes. The Poisson regression with fractional polynomials indicated an increase in
IR with increasing age for both sexes.

These epidemiological findings are in agreement with existing data showing a
declining trend in PPU, equal gender distribution, and more frequent occurrence
among the elderly®>**) These changes in the epidemiology of PPU may have
numerous explanations. The identification and treatment of H. pylori as a cause of PUD
is considered the main cause of reduced PPU incidence, especially in younger age
groups!"’l. The introduction of proton pump inhibitors is also postulated to be related
to a reduced IR for PPUM. A shift in the occurrence of predisposing factors may also
have contributed to these changes.

In addition to H. pylori infection, use of NSAIDs, corticosteroids, smoking, and
previous history of PUD are known risk factors for PPU" .. In our study, we found no
significant change in trends regarding the use of NSAIDs, corticosteroids, or smoking
habits.
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Figure 2 Effect of calendar year on the number of patients presenting with perforated gastric ulcer (left) and duodenal ulcer (right). Data
were Poisson regression with fractional polynomials. 95% confidence intervals are shaded grey, and the y-axis is a logarithmic scale. The incidence of gastric ulcer

perforations peaked around 1984, whereas the peak of duodenal ulcer perforations was approximately 15 yr later.
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Figure 3 Relative survival in each American Society of Anesthesiologists group of patients who survived the first 100 postoperative
days. ASA: American Society of Anesthesiologists.
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Acetylsalicylic acid is also technically considered an NSAID due to similar

mechanisms of action” . It also has a similar profile regarding adverse events and is
associated with an increased risk of PPUM. However, acetylsalicylic acid has a
completely different area of use than other NSAIDs, mostly in secondary prevention of
thrombotic cardiovascular eventst™. The significant increase in the use of
acetylsalicylic acid through the study period may contribute to the increased IR with

increasing age and the elderly being more prone to adverse effects!">*.

The patients admitted with PPU had increasing comorbidity in recent decades
according to the Charlson Comorbidity Index and ASA class. Increased comorbidity is
associated with increased agel™. Previous studies have also shown an association
between comorbidity, complications, and mortality after PPU!". This is thought to be
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related to delayed admittance, diagnosis, and treatment!"”].

The surgical treatment for PPU in our cohort barely changed over four decades,
with simple closure with or without omentopexy being the procedure of choice in 98%
(201/206) of patients. Only one of the patients were treated with a laparoscopic
technique. The length of the operation was stable over all decades, and this could be
explained with little variation in surgical access and method.

Three patients in the cohort were treated without an operation, all in the last decade,
two of whom died within a short timeframe. This could reflect more frequent “failure-
to-rescue” in recent years, especially in elderly patients with severe comorbidity! 1.

The increase in time from the debut of symptoms to hospital admission in recent
decades may be related to the previously described epidemiological shift in the age of
patients with PPUM"*I. Elderly patients with comorbidity are less likely to present
with peritonitis®*.

Post-operative complications occurred more frequently in recent decades.
Increasing age and greater comorbidity in the patients treated for PPU could explain
the increase in serious complications (Clavien-Dindo grade 4 and 5)1. We found no
significant change in the frequency of reoperation. We also found a substantial
increase in the frequency of grade 1-2 complications. This does not necessarily reflect
an actual increase in low-grade complications, but may be related to a change in
doctors’ habits towards more frequent and detailed descriptions in documentation.
The accuracy of the collected data is limited to the amount of detail in the patient’s
journal. This represents a limitation of the retrospective study design.

Short-term mortality measured 100 d post-operatively was stable through all four
decades and in concordance with existing data. The short-term mortality was
associated with ASA score, supporting the understanding that patient comorbidity
affects mortality. A similar association with degree of comorbidity expressed through
ASA score was seen regarding long-term survival, measured as 5-year relative
survival. This supports previous data suggesting that ASA score can be used as a
prognostic factor regarding both short- and long-term survival™-!l.

The study had some limitations. The retrospective design has weaknesses. The
quality of the database was dependent on the quality of the different patient records.
Grade 1 Clavien-Dindo complications were often not documented in the patient
records. More severe complications were regularly documented, and we expect very
few missing grade II to V complications in the database.

CONCLUSION

In conclusion, this study confirmed that the IRR of PPU increased with increasing age,
without an upper limit. The IRR increased until the second decade of the study period
in men and the third decade in women. Recent years indicate a declining tendency in
both sexes. In recent decades, patients were older and had more comorbidity. Post-
operative complications increased over the 40 years of the study. ASA score was
associated with both short-term mortality and long-term survival.

The results of this study would have external validity for populations similar to the
Norwegian population.

ARTICLE HIGHLIGHTS

Research background

The incidence of peptic ulcer disease (PUD) has decreased during the last few decades.
However, complicated PUD has not decreased likewise. Perforation is the
complication that accounts for most deaths associated with PUD, and it remains a
surgical emergency. Perforated peptic ulcer (PPU) has a high short-term mortality.

Research motivation

With the discovery of the role of Helicobacter pylori in PUD, it is important to
investigate trends and changes in demography in patients with PPU. This will provide
more precise characteristics regarding these patients, which in turn might contribute
towards more rapid diagnostics and treatment.
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Research objectives

The aim of this study was to investigate changes in demography and the effect on
treatment, complications, and short- and long-term mortality in patients admitted to
our hospital with PPU over four decades.

Research methods

All patients who were admitted to our hospital with PPU from 1978-2017 were
retrospectively identified and included. We retrieved their medical records and
reviewed them to obtain data concerning patient characteristics, treatment and
complications.

Research results

The median age increased from 63 to 72 years from the first to the last decade. The
incidence rate increased with increasing age, although we observed a decline in
incidence rate in recent decades. Comorbidity increased significantly over the 40 years
of the study. The median time from debut of symptoms to operation increased from 8
to 17 h from the first to the last decade. One or more complications occurred in 39 %.
Both short- and long-term mortality were associated with American Society of
Anaesthesiologists (ASA) score.

Research conclusions

Declining incidence rates occurred in recent years, but the patients were older and had
more comorbidity. The ASA score was associated with both short-term mortality and
long-term survival.

Research perspectives

This study has shown a demographic shift among patients with PPU. Future research
should assess a better understanding of the association of increasing age, comorbidity
and other risk factors with PPU. Clinical trials might serve to reduce the high number
of complications in these patients.
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