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Abstract
Background The perforation of upper gastrointestinal tract, primarily caused by peptic ulcer or cancer, is
a�icted by a notoriously high mortality rate. The selection of appropriate risk assessments and
therapeutic alternatives becomes important when addressing the risk for morbidity and mortality. We
aimed to evaluate the optimal treatment and the post-treatment complications for this condition.

Methods We retrospectively analyzed 50 patients with intraperitoneal free air due to perforated stomach
or duodenum who were consecutively treated at a single institution between 2010 and 2019.

Results All patients received initial inpatient treatment that was categorized as either surgery (n = 43,
86%) or non-surgery (n = 7, 14%). The non-surgically cured patients were signi�cantly younger and had no
or localized peritonitis, no ascites, lower C-reactive protein (CRP) levels, and shorter hospital stay than the
surgery patients. Of seven non-surgery patients, two patients were converted to surgery for worsening
symptoms. One of them, who was elderly and had a longer perforation-to-treatment time, stayed at the
hospital more than 2 months after surgery with CD Grade . Evaluation of postoperative complications
using the Clavien-Dindo classi�cation showed that the patients with Grade –  (n=21) were signi�cantly
older and had higher heart rates, poorer physical status, and longer perforation-to-surgery than those with
Grade 0–  (n=24). Preoperative CRP, prothrombin time, and lactate were signi�cantly higher, and
hemoglobin was signi�cantly lower in the patients with Grade – . They had signi�cantly longer
operation times and found acute renal failure more frequently. Postoperative �ndings showed a
signi�cantly more prolonged period of antibiotic administration, fasting, and hospital stay. The
postoperative blood examinations of them showed that minor changes were observed in WBC and
neutrophil, and neutrophil and CRP were signi�cantly higher after surgery. The multivariable analyses
identi�ed elevated lactate as an independent risk factor for postoperative complications. The
postoperative outcomes in patients with perforated gastric cancer depended on the stage and whether a
curative resection could be performed.

Conclusions Consideration should be given to the indications of non-surgery in elderly patients as well as
the delay of treatment and postoperative outcomes of patients with elevated lactate preoperatively. 

Background
The perforated upper gastrointestinal tract (PUGT), stomach, or duodenum, which are mainly caused by
peptic ulcer (PU) or cancer, are a�icted by a notoriously high mortality rate[1–4]. Most patients present
with an acute abdominal condition with localized or generalized peritonitis, and the risk of death is
increased if sepsis develops. Early diagnosis is essential, but clinical signs can be obscured in elderly
patients who have a higher risk of mortality [5–8] and imaging examinations, such as chest/abdominal
X-ray and computed tomography (CT) scan, play an important role in diagnosis [5, 6, 9, 10]. The selection
of appropriate risk assessments and therapeutic alternatives becomes important when addressing the
risk for morbidity and mortality.
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The World Society of Emergency Surgery (WSES) guidelines present evidence-based international
consensus statements on the management of complicated PU from a collaboration of a panel of experts.
These guidelines are intended to improve the knowledge and awareness of physicians around the world
on this speci�c topic. The aforementioned panel of experts was assembled and charged by the board of
the WSES with the purpose of answering clinical questions (CQs) pertaining to six main topics that
thoroughly explain this pathology. These topics are diagnosis, resuscitation, nonoperative management,
surgery, angiography-angioembolization, antimicrobial therapy [11]. In Japan, the Japanese Society of
Gastroenterology (JSGE) has developed the evidence-based clinical practice guidelines for PU. The JSGE
guidelines consist of seven items: bleeding gastric and duodenal ulcers, Helicobacter pylori (H. pylori)
eradication therapy, non-eradication therapy, drug-induced ulcer, non-H. pylori, non-nonsteroidal anti-
in�ammatory drugs (NSAIDs) ulcer, surgical treatment, and conservative therapy for perforation and
stenosis [12]. Both guidelines have provided evidence-based answers to any CQs with immediate
practical application, and have developed according to the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology [13, 14]. Moreover, both guidelines address CQs
relating to nonoperative treatment, as well as surgical treatment, for perforated PU (PPU); however, there
are few reports that evaluate the characteristics and treatment outcomes of perforated cancer.

In this study, we consecutively investigated patients who were diagnosed with PUGT caused by PU or
cancer. The �rst aim of this study was to evaluate the optimal treatment for PUGT patients; the second
aim was to compare the postoperative complications of patients who have undergone surgery and to
investigate the predictors of postoperative complications.

Methods
Patients

Sixty-two consecutive patients who were diagnosed with PUGUT, stomach, or duodenum between 2010
and 2019 were identi�ed from the electronic database at Kinan Hospital. The patients with retroperitoneal
air (n = 10), intestinal wall air (n = 1), and those receiving best supportive care for advanced gastric cancer
(n = 1) were excluded; �nally, the remaining 50 patients with intraperitoneal free air were analyzed. All
patients received initial inpatient treatment that was categorized as either surgery (n = 43, 86%) or non-
surgery (n = 7, 14%) (supplement Fig. 1). All patients provided written informed consent for treatment and
the use of clinical data. 

The data on patient characteristics, treatment outcomes, and postoperative �ndings were reviewed from
medical reports. Patient characteristics included age, sex, body mass index (BMI), pretreatment mean
arterial pressure (MAP), pretreatment heart rate (HR), perforation-to-treatment duration, peritonitis,
perforated organ, cause of perforation, location of ascites, location of intraperitoneal free air, and blood
examinations. The location of ascites and intraperitoneal free air were detected by CT scan prior to the
initial treatment. Surgical outcomes were evaluated by surgical procedures, the use of laparoscopy,
perforation size, bleeding, peritoneal lavage, and operation time. The data of perforation size and
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peritoneal lavage were obtained from the surgical report. Renal failure was de�ned as less than 0.5 ml
/kg / h of urine output during surgery. The �ndings after surgical or non-surgical treatment were
evaluated by the antibiotic administration period length, fasting period during treatment or after surgery,
blood transfusion history, and the length of hospital stay. Postoperative complications were graded
according to the Clavien–Dindo (CD) classi�cation.
Statistical analysis

The results were expressed as median (range) for continuous variables and percentage for categorical
variables. We retrospectively analyzed the associations between patient data and operative procedures or
postoperative complications using χ2 tests and the Mann–Whitney U test. A Cox proportional hazard
regression analysis was used for univariate and multivariate analyses. All statistical tests were two-sided,
and the threshold for statistical signi�cance was p = 0.05. Statistical analyses were performed with
JMP® Pro 15.1.0 (SAS Institute Inc., Cary, NC, USA).

Results
Comparison of patient characteristics between non-surgery and surgery groups

We compared patient characteristics and treatment outcomes in the PUGT patients who were
successfully cured by the initial treatment. The comparison between patients with non-surgery (n = 5) and
those with surgery (n = 43) was then performed. Two non-surgery patients who were converted to surgery
for worsening abdominal peritonitis and increased ascites the day after admission were excluded
(Supplement Table 1).
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Table 1
Comparison of patient characteristic (Non-surgery vs Surgery)

  Non-Surgery Surgery P

  N = 5 N = 43

Age, years, median (range) 48 (23–66) 65 (30–92) 0.029

Sex, n (%)         0.583

Male 3 60% 31 72%  

Female 2 40% 12 28%  

BMI, kg/m2, median (range) 20.5 (17.7–24.5) 21.2 (14.7–30.8) 0.478

MAP (mmHg), median (range) 98 (86–112) 91.8 (60.7–115.0) 0.558

HR (bpm), median (range) 84 (80–99) 88.5 (60–133) 0.666

Perforation-to-treatment, n (%)         0.374

< 6 3 60% 24 55%  

6–12 2 40% 6 14%  

12–24 0 0% 8 19%  

24< 0 0% 5 12%  

Peritonitis, n (%)         0.004

None 3 60% 0 0%  

Localized 2 40% 19 44%  

Generalized 0 0% 24 56%  

Cause of perforation, n (%)         0.372

Ulcer 5 100% 37 86%  

Cancer 0 0% 6 14%  

Ascites*, n (%)          

None 4 80% 5 12% 0.003

Perforated area 1 20% 38 88% 0.003

Subphrenic area 1 20% 36 84% 0.007

Douglas fossa 0 0% 21 49% 0.059

Intraperitoneal free air, n (%)         0.569
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  Non-Surgery Surgery P

  N = 5 N = 43

Upper abdominal cavity 5 100% 33 77%  

Entire abdominal cavity 0 0% 10 23%  

Blood examination, median (range)          

WBC (/µL) 13200 (10300–20800) 10000 (600-26600) 0.085

Neutrophil (/µL) 9780 (8990–17890) 7800 (25800-350) 0.107

CRP (mg/dL) 0.06 (0.01–6.12) 1.72 (0.04–31.56) 0.036

Hemoglobin (g/dL) 14.6 (7.6–17.1) 14.1 (6.5–18.1) 0.893

Platelet (/µL) 26.4 (18.4–44.4) 24.4 (6.1–86.1) 0.613

Creatinine (mg/dL) 0.79 (0.5–1.6) 0.87 (0.49–5.21) 0.510

Total Bilirubin (mg/dL) 1.1 (0.3–2.9) 0.8 (0.3–3.9) 0.270

AST (U/L) 23 (15–155) 20 (10–66) 0.648

ALT (U/L) 13 (8–17) 16 (5–69) 0.427

PT-INR 1.04 (0.95–1.19) 1.09 (0.96–2.91) 0.211

BMI, body mass index; MAP, mean arterial pressure; HR, heart rate; WBC, white blood cell, CRP; C-
reactive protein; PT-INR, prothrombin international normalized ratio

*There are some duplication.

No signi�cant differences in sex, BMI, MAP, HR, perforation-to-treatment duration, cause of perforation,
and location of intraperitoneal free air were found between the two groups. The non-surgery patients were
signi�cantly younger (P = 0.029) and had, also signi�cantly, no or localized peritonitis (P = 0.004)
compared to those who were surgically treated. No ascites was signi�cantly detected by CT scan before
treatment in four non-surgery patients (P = 0.003). The ascites in the perforated and subphrenic areas
were detected in more than 80 percent of surgical patients and only one non-surgical patient (P = 0.003
and P = 0.007, respectively). Ascites was detected in the Douglas fossa in half of the surgical patients but
not in the non-surgery patients (P = 0.059). C-reactive protein (CRP) was signi�cantly lower in the non-
surgery patients than the surgery patients (P = 0.036) (Table 1).
Comparison Of Treatment Outcomes Between Non-surgery And Surgery Groups

Almost half of the patients in each group were treated with carbapenem as an initial antibiotic agent. The
non-surgery patients tended to have a shorter period of antibiotic administration than those who
underwent surgery (P = 0.080). No signi�cant differences in the fasting period and blood transfusion were
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found between the two groups. The length of hospital stay was signi�cantly shorter in non-surgery
patients than in surgery patients (P = 0.016) (Table 2).

Table 2
Comparison of posttreatment �ndings (Non-surgery vs Surery)

  Non-Surgery Surgery P

  N = 5 N = 43

Antibiotic agent, n (%)         0.235

β-lactam 2 40% 6 14%  

1st Cephem 0 0% 4 9%  

2nd Cephem 0 0% 13 31%  

Carbapenem 3 60% 19 44%  

None 0 0% 1 2%  

Antibiotic administration period (day), median (range) 5 (3–6) 6 (0–38) 0.080

Fasting period (day), median (range) 6 (5–9) 6 (1–71) 0.917

Blood Transfusion, n (%) 0 0% 15 35% 0.167

Length of hospital stay (day), median (range) 11 (8–15) 19 (1-110) 0.016

Comparison Of Preoperative Patient Characteristics Classi�ed By Postoperative Complications

We evaluated the postoperative complications of all patients who underwent surgery for PUGT according
to the CD classi�cation (Grade 0, n = 18 (40%); Grade , n = 6 (13%); Grade , n = 13 (30%); Grade , n = 5
(11%); Grade , n = 1 (2%); Grade , n = 2 (4%)) (Supplement Table 2). The patients were then classi�ed
into the two groups (Grade 0– , n = 24; Grade – , n = 21), after which preoperative patient characteristics
were compared (Table 3). No signi�cant differences in sex, BMI, peritonitis, cause of perforation, and
location of intraperitoneal free air were found. The patients with Grade –  were signi�cantly older (P < 
0.001) and had higher HR (P = 0.001), poorer American Society of Anesthesiologists physical status
classi�cation system (ASA-PS) results (P = 0.031), and longer perforation-to-surgery (P = 0.032) than
those with Grade 0– . Also, postoperative complications were signi�cantly more frequent in patients with
a perforated stomach (P = 0.006). Blood examinations showed that white blood cell (WBC), neutrophil,
and hemoglobin counts were signi�cantly lower (P = 0.006, P = 0.049, and P < 0.001, respectively), and
CRP, prothrombin international normalized ratio (PT-INR), and lactate levels were signi�cantly higher in
Grade –  patients than Grade 0–  patients (P = 0.001, P = 0.004, and P = 0.020, respectively).
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Table 3
Comparison of preoperative patient characteristics (Clavien-Dindo Grade 0-  vs Grade - )

  Grade 0- Grade - P

  N = 24 N = 21

Age (years), median (range) 58 (30–89) 78 (51–92) < 0.001

Sex, n (%)         0.176

Male 20 83% 13 62%  

Female 4 17% 8 38%  

BMI (kg/m2), median (range) 21.2 (16.3–29.7) 21.1 (14.7–30.8) 0.865

MAP (mmHg), median (range) 94.3 (69.3-120.7) 89.7 (60.7-141.7) 0.056

HR (bpm), median (range) 75 (60–121) 102 (60–133) 0.001

ASA-PS, n (%)         0.031

1 4 17% 0 0%  

2 7 29% 3 14%  

3 13 54% 17 81%  

4 0 0% 1 5%  

Perforation-to-surgery, n (%)         0.032

< 6 17 71% 8 37%  

6–12 4 17% 2 10%  

12–24 2 8% 6 29%  

24< 1 4% 5 24%  

Peritonitis, n (%)         0.373

Localized 13 54% 8 38%  

Generalized 11 46% 13 62%  

Perforated organ, n (%)         0.006

Stomach 4 17% 12 57%  

Duodenum 20 83% 9 43%  

Cause of perforation, n (%)         0.083

Ulcer 23 96% 16 76%  
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  Grade 0- Grade - P

  N = 24 N = 21

Cancer 1 4% 5 24%  

Ascites, n (%)          

Perforated area 19 79% 20 95% 0.193

Subphrenic area 17 71% 19 90% 0.143

Douglas fossa 8 33% 13 62% 0.076

Intraperitoneal free air, n (%)         0.476

Upper abdominal cavity 20 83% 15 71%  

Whole abdominal cavity 4 17% 6 29%  

Blood examination, median (range)          

WBC (/µL) 12550 (4000–26600) 7300 (600-17700) 0.006

Neutrophil (/µL) 10610 (1275–25800) 5540 (350-15460) 0.049

CRP (mg/dL) 0.5 (0.04–30.89) 10.83 (0.2–31.6) 0.001

Hemoglobin (g/dL) 15.55 (7.2–18.1) 11.9 (6.5–17.1) < 0.001

Platelet (/µL) 24.3 (15.5–36.8) 27.1 (6.1–86.1) 0.625

Creatinine (mg/dL) 0.825 (0.57–1.41) 1.12 (0.49–5.21) 0.088

Total Bilirubin (mg/dL) 0.8 (0.3-2) 0.8 (0.3–3.9) 0.723

AST (U/L) 20 (14–69) 20 (9–66) 0.793

ALT (U/L) 16 (5–69) 14 (1–51) 0.380

PT-INR 1.07 (0.960–2.060) 1.27 (1.00-2.91) 0.004

Lactate (mg/dL) 12 (7–32) 19.5 (6–80) 0.020

BMI, body mass index; MAP, mean arterial pressure; HR, heart rate; ASA-PS, American Society of
Anesthesiologists physical status classi�cation system; WBC, white blood cell; CRP, C-reactive protein;
PT-INR, prothrombin international normalized ratio

Comparison of surgical outcomes and postoperative �ndings classi�ed by postoperative complications

We compared surgical outcomes and postoperative �ndings in the two groups (Table 4). The surgical
procedures were used omental plombage and patch (n = 17 (71%), n = 13 (61%), respectively), simple
closure with omental patch (n = 5 (21%), n = 6 (29%), respectively), omental patch (n = 2 (8%), n = 1 (5%),
respectively), or gastrectomy (n = 0 (0%), n = 1 (5%), respectively). No signi�cant differences in surgical
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procedures, perforation size, use of laparoscopy, bleeding, and peritoneal lavage were found between the
two groups. The patients with Grade –  had signi�cantly longer operation times (P = 0.017). Acute renal
failure was more frequently found in patients with Grade –  (P = 0.002).

Table 4
Comparison of surgical outcomes and postoperative �ndings (Clavien-Dindo Grade 0-  vs Grade - )

  Grade 0- Grade - P

  N = 24 N = 21

Surgical outcomes          

Surgical procedure, n (%)         0.542

Omental plombage and patch 17 71% 13 61%  

Simple closure with omental patch 5 21% 6 29%  

Omental patch 2 8% 1 5%  

Gastrectomy 0 0% 1 5%  

Use of laparoscopy, n (%) 2 8% 6 29% 0.077

Perforation size (mm), median (range) 6 (3–12) 6.5 (3–20) 0.610

Bleeding (ml), median (range) 32 (0-290) 37.5 (0-200) 0.493

Peritoneal lavage, (L), median (range) 9 (3–14) 9 (4–20) 0.464

Operation time (min), median (range) 76 (49–
134)

95 (57–
202)

0.017

Renal failure*, n (%) 2 8% 11 52% 0.002

Postoperative �ndings          

Antibiotic administration period (day) median
(range)

5.5 (1–13) 11 (0–38) 0.002

Fasting period (day), median (range) 6 (5–8) 8 (1–71) 0.004

Blood Transfusion, n (%) 0 0% 16 76% < 
0.001

Length of hospital stay (day), median (range) 14 (9–57) 30 (1-110) < 
0.001

*Renal failure; urine output during surgery < 0.5 ml/kg/h

Postoperative �ndings showed a signi�cantly more prolonged period of antibiotic administration, fasting,
and hospital stay in patients with Grade –  than those with Grade 0–  (P = 0.002, P = 0.004, and P < 
0.001, respectively). Signi�cantly more patients with Grade –  received blood transfusions than those
with Grade 0–  (P < 0.001).
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Comparison Of Postoperative Blood Examinations Classi�ed By Postoperative Complications

Figure 1 shows the change in postoperative blood examinations (WBC, neutrophil, CRP, hemoglobin, and
platelet counts) on postoperative days (POD) 1, 3, and 7 respectively. Minor changes were observed in
WBC and neutrophil in patients with Grade –  after surgery. Neutrophil (POD7) and CRP (POD1, POD3,
and POD7) were signi�cantly higher in patients with Grade –  than in those with Grade 0–  (neutrophil,
P = 0.011; CRP, P = 0.016, P = 0.039, and P < 0.001, respectively).

Evaluation of the risk factor of severe postoperative complications (CD Grade  ≦)

The risk factor of postoperative complications (Grade  ≦) was compared among the potential risk
factors of preoperative patient characteristics (e.g. age, sex, ASA-PS, perforation-to-surgery, perforated
organ, cause of perforation, preoperative HR, PT-INR, hemoglobin, CRP, and lactate). The univariate
analyses showed that age (65 ≦), higher ASA-PS ratings (3 ≦), longer perforation-to-surgery (6 hours ≦),
perforated organ (stomach), high PT-INR (1.20 ≦), low hemoglobin count (< 12), high CRP levels (10 ≦),
and high lactate levels (18 ≦) were signi�cant risk factors for postoperative complications (CD  ≦). The
multivariable analyses identi�ed lactate levels (18 ≦) as an independent risk factor for postoperative
complications (CD  ≦) (odds ratio 34.82, 95% con�dence interval [CI] 1.03–1173.61, P = 0.048) (Table 5).
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Table 5
Univariate and multivariate Cox model analysis for postoperative complications (Clavien-Dindo Grade

≦)

  Univariate analysis Multivariate analysis

  Odds
Ratio

[95% CI] P Odd
Ratio

[95% CI] P

Age (65≦) 10.32 [2.54–
41.87]

0.001 3.90 [0.29–
52.24]

0.304

Sex (Female) 3.08 [0.77–
12.34]

0.103      

ASA-PS (3≦) 5.08 [1.18–
21.91]

0.029 3.21 [0.15–
70.36]

0.458

Perforation-to-surgery (6
hours≦)

3.95 [1.14–
13.71]

0.031 5.35 [0.39–
73.81]

0.210

Perforated organ (Stomach) 6.67 [1.68–
26.45]

0.007 14.59 [0.88-
242.38]

0.062

Cause of perforation
(Cancer)

7.19 [0.7767.50] 0.084      

Preoperative HR (94 bpm≦) 6.67 [1.68–
26.45]

0.007 3.32 [0.27–
40.32]

0.347

PT-INR (1.20≦) 7.70 [1.75–
33.90]

0.007 0.11 [0.004–
3.11]

0.195

Hemoglobin (12<) 6.36 [1.44–
28.02]

0.014 13.44 [0.65-
276.83]

0.092

CRP (10≦) 12.10 [2.25–
65.05]

0.004 45.37 [0.89-
2310.88]

0.057

Lactate (18≦) 7.70 [1.75–
33.90]

0.007 34.82 [1.03-
1173.61]

0.048

ASA-PS, American Society of Anesthesiologists physical status classi�cation system; HR, heart rate;
PT-INR, prothrombin international normalized ratio; CRP, C-reactive protein

Discussion
Most of the patients with suspected PPU received immediate surgery as an initial treatment [3, 9].
Recently, the possibility of non-operative management has been assessed in the WSES and JSGE
guidelines for PPU [11, 12]. The WSES recommended against a routinely use of non-operative
management, but non-operative management could be considered in extremely selected cases where
perforation has sealed as con�rmed on water-soluble contrast (weak recommendation based on low-
quality evidence, 2C) [11]. The JSGE proposed that mild localized peritonitis could be an indication of
nonoperative treatment for PPU. The criteria for conservative treatment include; onset within 24 hours,
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onset at hunger, stable condition without severe complication, symptoms of peritoneal irritation localized
in the upper quadrant, and a small amount of ascites (Recommendation 2, 100% agreed, evidence level
D) [12]. In our study, all patients, who were successfully cured by conservative treatment, were under
70 years of age, presented the perforation less than 12 hours earlier, were in a stable condition without
severe complications, and had no or localized peritonitis and ascites located in the upper quadrant.
Moreover, there were signi�cant differences in these factors between surgery patients and non-surgery
patients. On the other hand, nine patients who underwent surgery also matched the criteria of
conservative treatment as laid out in the JSGE guidelines before surgery. Only one of them had
postoperative complications with CD Grade  (aspiration pneumonia), but other patients were entirely
cured without any postoperative complications. These results suggest that these patients might have had
the potential to be cured without surgery, although careful observation should be needed during
conservative treatment. The prospective study of conservative therapy for the PUGT based on the above
guidelines should be pursued in future research.

The JSGE guidelines propose that patients with PPU should be surgically treated when clinical and
imaging �ndings show no improvement after 24 hours of conservative treatment (Recommendation 2,
100% agreed, evidence level D) [12]. In our study, two patients were converted to surgery because clinical
and imaging �ndings showed no improvement 24 hours after non-surgical treatment. One patient was
33 years of age and presented the perforation within 6 hours, localized peritonitis, and ascites only at the
perforated area. He was discharged 11 days after surgery without any postoperative complications.
Another patient showed no peritonitis and no ascites, but he was older (79 years of age), and had a
longer perforation-to-treatment time (more than 24 hours). He stayed at the hospital 61 days after surgery
with CD Grade . The WSES and JSGE guidelines both recommend performing surgery as soon as
possible, especially in patients older than 70 years old and instances where hospital admission was
delayed [11, 12, 15, 16]. Buck et al. have shown that elderly patients may experience higher mortality.
Every hour of delay from admission to surgery was associated with an adjusted 2.4% decreased
probability of survival compared with the previous hour if non-operative management fails. Furthermore,
caution is advised in patients > 70 years of age [17]. Based on the guidelines and our own experiences,
immediate surgery should be selected as an initial treatment for older patients and those whose
treatment has been delayed.

In 2010, a systematic review including 50 studies was performed. Thirty-seven prognostic factors were
assessed in a total of 29,782 patients who underwent surgery for PPU. The review provided strong
evidence for an association of shock upon admission, preoperative metabolic acidosis, tachycardia,
acute renal failure, low serum albumin level, high ASA score, and preoperative delay > 24 h with poor
prognosis [18]. In our study, we compared the postoperative complications for surgical patients and
examined the predictors of postoperative complications (Grade  ≦). Older age, high ASA-PS, longer
perforation-to-surgery duration, stomach perforation, tachycardia, abnormal coagulation, anemia, and
elevated CRP and lactate levels were associated with postoperative complications. Moreover, the
multivariable analyses also identi�ed lactate (18 ≦), which is one of the septic shock criteria [19], as an
independent risk factor for postoperative complications. These results support the appropriate targets for
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resuscitation, which include: MAP ≥ 65 mmHg, urine output ≥ 0.5 ml / kg / h, and lactate normalization,
as suggested by the WSES guidelines [11]. In addition, the aforementioned systematic review reported
that mortality was associated with older age, comorbidity, and use of NSAIDs or steroids [18]. In this
study, the rate of mortality was 4% (N = 2). One patient with abdominal symptoms approximately 2 days
before surgery was elderly (79 years of age), and another patient with stomach perforation caused by
advanced gastric cancer was in an unstable condition. They had not used NSAIDs or steroids, but both
had preoperatively elevated lactate (80 mg / dL, 19 mg / dL, respectively), which was identi�ed as an
independent risk factor for postoperative complications in this study.

Spontaneous perforated gastric cancer (PGC) has an incidence ranging from 0.39–9.6% in gastric cancer
patients as reported by different studies [4, 20–22]. It is di�cult to diagnose PGC preoperatively because
its preoperative symptoms are the same as those of a perforated gastric ulcer [4]. Therefore, the
outcomes after emergency surgery in patients with free perforation depend on the stage and whether a
curative resection can be performed [23]. Surgical management has usually been performed using one-
stage or two-stage surgery [24]. In this study, 4 of 6 patients with PGC could be diagnosed after the initial
surgery; two patients received two-stage surgery (distal gastrectomy plus lymph node dissection), one
patient received chemotherapy for unresectable, and one patient received best supportive care. The other
patients were able to be diagnosed before the initial surgery because they received chemotherapy for
gastric cancer. One patient underwent gastrectomy as a one-stage surgery. Another patient underwent
simple closure with omental patch instead of gastrectomy because of multiple metastases. Five patients
were dead within one year after surgery, while one gastrectomy patient (pStage B) has been alive with no
recurrence for more than 5 years.

In terms of surgical procedures, some previous reports showed that the maneuver to cover an omental
patch on the repaired PPU did not show additional advantage compared to simple closure alone [25–27].
The WSES suggested performing primary repair in patients with PPU smaller than 2 cm, and no
recommendation can be made whether the use of an omental patch can provide further protection of the
repair (weak recommendation based on low-quality evidence, 2C) [11]. On the other hand, other research
showed low postoperative leak rates with the omental patch technique, even in perforations of up to 2 cm
in diameter [28], and suggested the adjunct of an omental patch to reduce the risk of the suture cutting
through the edges of the ulcer [29]. The JSGE recommend peritoneal lavage in addition to the closure of
the perforated hole with an omental patch as the surgical procedure for gastroduodenal PPU
(Recommendation 1, 100% agreed, evidence level A) [12]. In our institute, most of the patients with PUGT
received omental plombage and patch (n = 30, 68%) or simple closure plus omental patch (n = 11, 25%).
No simple closure alone has performed. The perforation size tended to be bigger in patients with omental
plombage and patch than those with simple closure plus omental patch, but the selection of surgical
procedures was not associated with postoperative complications.

The WSES recommended a laparoscopic approach in stable patients, but an open approach is
recommended in the absence of appropriate laparoscopic skills and equipment (weak recommendation
based on moderate-quality evidence, 2B) [5, 30]. However, laparoscopic surgery for PPU is not included in
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the JSGE guidelines because the extent to which laparoscopic surgery is possible in the emergent setting
depends upon the institution [12]. In our institute, laparoscopic surgery has mainly been used to con�rm
the location of the perforation, then laparoscopic surgery or open surgery was performed depending on
the size of the perforation, the degree of peritonitis, and the skills of the surgeon with regards to
approaching the perforation. Since 2018, the most frequently used method has been laparoscopy. Our
study showed that the use of laparoscopy led to signi�cantly less bleeding during surgery (P = 0.038), but
it required a longer operation time (P < 0.001), a �nding shared by other reports [30–32]. Patients who
received laparoscopies tended to have more postoperative complications (Grade 0– , n = 2 (8%); Grade –
, n = 6 (29%), P = 0.077); therefore, more careful and appropriate selection of surgical procedures is

warranted.

The clinical presentation of gastroduodenal perforation is usually a sudden onset of abdominal pain.
Localized or generalized peritonitis is typical of the perforated upper gastrointestinal tract, but may be
present in only two-thirds of the patients [5–7]. Laboratory tests are also non-speci�c, although
leukocytosis, metabolic acidosis, and elevated serum amylase are usually associated with perforation
[33]. CT scan is increasingly taking the primary role in the diagnosis of perforation due to its greater
sensitivity in detecting free air as well as its ability to characterize the site and size of perforation while
excluding other possible causes [6, 10, 34]. Japan currently has over 100 CT scanners per million people,
which is much higher than other countries [35]. In our institute, intraperitoneal free air could be identi�ed
in all patients by CT scan after their �rst outpatient visit. The appropriate early diagnosis by CT scan may
have contributed to the reduction in mortality rates as compared to previous literature.

This study had some limitations. First, it was retrospective in design and the sample size was relatively
small. Second, the survey period was relatively long, and there is a bias based on historical background,
such as the induction of laparoscopic surgery and conservative treatment. Therefore, prospective,
multicenter studies based on the aforementioned guidelines will be needed in the future.

Conclusion
Ten percent of patients with upper gastrointestinal perforation caused by PU were entirely cured by
conservative treatment. The patients who received conservative treatment had relatively better treatment
outcomes compared to those who underwent surgery, but more attention should be given to the
indications of conservative treatment in the elderly and the delay of treatment, which was associated with
poor short-term outcomes. In patients with surgery, several patient factors were associated with
postoperative complications, and elevated lactate was identi�ed as a risk factor for postoperative
complications. The postoperative outcomes in patients with PGC depended on the stage and whether a
curative resection could be performed. These results can be useful for the selection of treatment methods
and the prediction of postoperative complications for PUGT patients.
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Figures

Figure 1

Comparison of postoperative examination between patients with Clavien-Dindo (CD) Grade 0 -  and
Grade  - . (a) white blood cell (WBC), (b) neutrophil, (c) C-reactive protein (CRP), (d)hemoglobin, (e)
platelet. *P<0.050, **P<0.001

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementalTable1.docx

SupplementalTable2.docx

supplementalFigure1.pdf

https://assets.researchsquare.com/files/rs-48835/v1/SupplementalTable1.docx
https://assets.researchsquare.com/files/rs-48835/v1/SupplementalTable2.docx
https://assets.researchsquare.com/files/rs-48835/v1/supplementalFigure1.pdf

