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Abstract
Introduction Minimally invasive or open Graham Patch repair remains the gold standard approach for management of 
perforated peptic ulcers (PPU). Herein, we report outcomes of laparoscopic technique and compare it with open approach 
at a community hospital.
Methods Retrospective observational study conducted comparing laparoscopic modified Cellan-Jones repair (mCJR) versus 
the standard open repair of PPU. Patients aged 18–90 years during 2016–2021 were offered either a minimally invasive or 
open approach depending on surgeon laparoscopic capability, and were compared in terms of demographics, co-morbidities, 
intra-operative details, and short-term outcomes.
Results A total of 49 patients were included (46.9% males, mean age 52.9 years, mean BMI 25.0, ASA ≥ III 75.5%, 75.5% 
smokers, 26.5% current NSAIDs use, and 71.4% alcohol drinkers). Duodenum was the most common perforation site (57.1%), 
and majority of ulcers were 1–2 cm (72.9%). Laparoscopic approach was performed in 16 consecutive patients (32.7%) by a 
single surgeon, with no conversions. Preoperative characteristics were similar for both groups. Compared to open approach, 
laparoscopic group were taken to operation immediately (< 4 h) (87.5% vs. 15.2%, p < 0.001), had lower estimated blood 
loss (11.8 ml vs. 73.8 ml, p = 0.063), and longer operative time (117.1 min vs. 85.6 min, p = 0.010). Postoperatively, nasogas-
tric tube was removed earlier in laparoscopic group (POD1-2, 87.5% vs. 24.2%, p = 0.001), with earlier resumption of diet 
(POD1-2, 62.6% vs. 9.1%, p = 0.002), less narcotic usage (< 3 days, 58.3% vs. 6.1%, p < 0.001), earlier return of bowel 
function (POD1-2, 43.8% vs. 9.1%, p = 0.003) and shorter length of stay (LOS) (3.7 days vs. 16.1 days, p < 0.001). Both 
in-house mortality and morbidity rates were lower in the laparoscopic group, but not statistically significant [(0% vs. 6.1%, 
p = 0.347) and (12.5% vs. 39.4%, p = 0.500), respectively].
Conclusion Laparoscopic mCJR is a feasible method for repair of PPU, and it is associated with shorter LOS, and less nar-
cotics usage in comparison to the open repair approach.

and Other Interventional Techniques 

 * Tanya Odisho 
 tanya.odisho@gmail.com

1 Department of Surgery, Sinai Grace Hospital, Detroit 
Medical Center, Detroit, MI, USA

2 Department of Surgery, Wayne State University School 
of Medicine, Detroit Medical Center, Detroit, MI, USA

3 University of Medicine and Health Sciences, Basseterre, 
Saint Kitts and Nevis

http://orcid.org/0000-0001-8612-5856
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-022-09306-7&domain=pdf


716 Surgical Endoscopy (2023) 37:715–722

1 3

Graphical abstract

Keywords Perforated peptic ulcer · Peritonitis · Laparoscopic repair · Open repair · Omental patch · Modified Cellan-Jones

With the advent of proton pump inhibitors and Helicobac-
ter pylori (H. pylori) eradication therapy, surgical interven-
tion for peptic ulcer disease (PUD) is limited to perforated 
ulcers in the emergent setting. Perforation is an acute life-
threatening complication of PUD and occurs in nearly 20% 
of cases of duodenal ulcer patients [1]. The etiology of PUD 
is multifactorial, with H. pylori infection and nonsteroidal 
anti-inflammatory drugs (NSAIDs) being identified as the 
two main causes of peptic ulcer, among other contributing 
factors (alcohol use, smoking, cocaine use, chronic stress, 
and older age) [2–4].

Perforation is a common complication of PUD, with 
an average 2–14% of peptic ulcers resulting in perforation 
[3], most commonly occurring in females over the age of 
60 and NSAID, alcohol or tobacco users. While bleed-
ing is the most frequent complication of PUD, perforation 
carries a higher rate of surgical intervention and is the 
most lethal complication, associated with a 30-days mor-
tality risk ranging from 3–40%, with advanced age, higher 
American Society of Anesthesiologists (ASA) classifica-
tion, elevated body mass index (BMI), and perforation 
diameter being nonmodifiable risk factors associated with 
increased mortality [5–8]. The only modifiable risk factor 
associated with mortality is time to operation, whereby a 

delay of more than three hours is associated with a dou-
bling of mortality risk [1].

The operative management for PPU involves control of 
intraperitoneal contamination, and closure and/or buttress of 
the perforation. The choice of surgical technique, laparos-
copy versus laparotomy, varies depending on the patient’s 
preoperative clinical status, surgeon expertise/preference, 
and location of defect, with the goal of short operative time. 
It has been widely reported that open abdominal surgery 
increases postoperative pain and is associated with higher 
morbidity (ventral incisional hernia rate, surgical site infec-
tion, postoperative respiratory compromise, delayed recov-
ery times, and dehiscence) when compared to laparoscopic 
surgery [9, 10]. Some studies have shown laparoscopy to 
lessen these postoperative variables and is associated with 
fewer complications (i.e., surgical site infection, length of 
stay (LOS), better cosmetic outcomes) than open repair [1, 
9, 11]. Despite these favorable outcomes, laparoscopic repair 
is less commonly used, owning to longer operative times in 
less experienced centers, higher incidence of reoperations 
owning to leakage at the repair site, and higher incidence 
of intraabdominal fluid collections secondary to inade-
quate lavage and the requirement of extensive surgical skill 
[12]. Additionally, others point to laparotomy as the better 
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treatment, especially for repairing ulcers larger than 9 mm 
[13, 14]. Aside from deciding between laparotomy versus 
laparoscopy, there are also several described approaches of 
repair, including primary repair, Graham’s Patch repair, and 
the modified Graham’s patch repair [15]. These techniques 
and their advantages and disadvantages have been described 
at length in previous studies [16].

Here, we describe our method of repair, which we have 
termed the modified Cellan-Jones repair (mCJR). In contrast 
to the modified Graham’s Patch repair in which the defect is 
primarily repaired and the same sutures are used to patch the 
omentum to the repair, in the mCJR, the defect is repaired 
primarily, and new sutures are used to patch the repair with 
omentum. In this manner, the previously quoted complica-
tions associated with the modified Graham’s patch repair, 
including increased leakage rate, as a result of the poor seal 
obtained when suture knots interposed between visceral 
serosa and the omental patch and the lessened apposition of 
omentum, are mitigated.

Thus, the goal of this study is twofold. The primary out-
come is to compare short-term outcomes of laparoscopy and 
laparotomy techniques in PPU repair at our institution. The 
secondary outcome of the study is to compare 30-days mor-
bidity and mortality between the two approaches and patient 
in-hospital progression.

Methods

Patient selection

This was a retrospective observational study of laparoscopic 
and open repair of PPU in patients aged 18–90 years old 
with a clinical and radiological diagnosis of PPU during 
2016–2021 at a community teaching hospital. The study 
protocol was approved by the hospital ethics committee and 
informed consent was obtained from all patients, with no 
refusals. Characterization of laparoscopic and open repair 
was achieved in terms of patients’ demographics, co-mor-
bidities, intra-operative details, postoperative recovery, 
and short-term outcomes. A total of 16 laparoscopic cases 
were identified during this period and performed by a sin-
gle surgeon. All patients included in the data analysis were 
consecutive, with no exceptions made to exclude eligible 
patients meeting inclusion criteria our inclusion criteria for 
laparoscopic repair included adult patients between the ages 
of 18 and 90 who underwent laparoscopic repair for PPU 
and qualified for laparoscopic repair, i.e., were hemodynami-
cally stable and could tolerate pneumoperitoneum. Preop-
eratively, all patients received a nasogastric tube (NGT) for 
gastric decompression, a urinary catheter, broad-spectrum 
antibiotics, parenteral analgesics, intravenous proton pump 

inhibitor (PPI), and were adequately resuscitated for at least 
four hours prior to surgery.

Operative technique

Open repair group

The patient was placed in a supine position. An exploratory 
upper midline incision was made. After formal exploration 
and identification of perforation, the PPU was repaired either 
by the Graham’s repair or the modified Graham’s repair. The 
Graham’s patch repair describes the placement of through-
and-through sutures at the site of perforation that are tied 
over a free graft of omentum. In the modified Graham’s 
Patch repair, the sutures are tied after the defect is primarily 
repaired, and a piece of omentum is then placed over these 
knots and the same sutures are then tied over the omental 
graft. This is followed by peritoneal toilet with warm saline 
until the effluent becomes clear, followed by insertion of 
drains, and closure of the abdomen.

Laparoscopic repair group modified Cellan‑Jones repair 
(mCJR)

For the laparoscopic group, patients are positioned in the 
French position in slight reverse Trendelenburg tilt posi-
tion. Two 5 mm trocars are placed, one in the supraumbili-
cal area and one in the right mid-clavicular line. A third 
12 mm trocar is placed in the left mid-clavicular line. Liver 
retraction is achieved with either a Nathanson liver retractor 
in the subxiphoid region or via a 5 mm trocar in right ante-
rior axillary line. The surgeon stands between the patient’s 
legs in order to facilitate ease of anatomic manipulation and 
laparoscopic knot tying, and the camera operator stands at 
the patient’s side. In order to minimize spillage of gastric, 
biliary and pancreatic contents, the spilled enteric contents 
are diligently evacuated via suction of all four quadrants and 
the perforation site is closed before peritoneal irrigation. 
Perforation size is measured using either suction tip (5 mm) 
or by the jaw length of the Maryland dissector (20 mm).

To repair the perforated ulcer, the edges are approximated 
by intracorporeal knotting using 2–0 suture in interrupted 
fashion, and the suture ties are cut. The primary repair is 
then tested for air leak by submerging the repair under saline 
and insufflating the NGT with 2 L  O2. Once it is confirmed 
that no leak is present, Tisseel® is placed over the closed 
perforation for additional reinforcement of the repair. The 
repair is then reinforced by either omentum or falciform liga-
ment depending on site of perforation by placing three new 
sutures across the repaired perforation, and tying them over 
the omental or falciform patch over the repaired perforation. 
After repair of the perforation site, the abdominal cavity is 
thoroughly irrigated with normal saline solution until the 
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fluid becomes clear, suctioned and 15 Fr Jackson Pratt drains 
are placed in the pelvis to drain any remaining fluid used 
for irrigation. Total operative time is measured from time 
of skin incision to dressing placement. In the postopera-
tive period, all patients are continued on intravenous fluids, 
broad-spectrum antibiotics, PPI and analgesics. The NGT 
is removed once bilious output is noted. Patients are started 
on a full liquid diet with NGT removal. For the laparoscopic 
group, flatus and bowel function are not required for dis-
charge. Drains are removed prior to discharge from hospital 
and patients are discharged home with a close follow-up 
system, whereby they receive a call within 24 h and are seen 
in clinic within 72 h of discharge.

Statistical analysis

Demographics, co-morbidities, operative details, postop-
erative complications, and 30-day mortality were collected. 
Descriptive analysis using mean ± standard deviation (SD), 
and cross-tabulation were used to compare frequencies. Data 
analysis was performed using the Chi-square test for cat-
egorical variables, Student’s t-test for continuous variables 
with parametric distribution, and the Mann–Whitney test 

for continuous variables with non-parametric distribution. 
P ≤  0.05 was considered statistically significant. All analy-
ses were performed using SPSS (IBM Corp. Released 2017. 
IBM SPSS Statistics for Windows, Version 25.0. Armonk, 
NY: IBM Corp.). This study was granted full approval by 
the institutional review board of Wayne State University, 
Detroit, Michigan.

Results

During the study period, 33 patients underwent laparotomy 
and 16 patients underwent laparoscopy for peritonitis and 
were found to have perforated peptic ulcer (Table 1). The 
gender (male) and mean age (fifth decade) were comparable 
between the two groups. In the laparoscopic group, 69% of 
patients had duodenal perforations located in the anterior 
wall of first part of duodenum and 52% had duodenal per-
forations in the open group. The dimensions of perforation 
were assessed intra-operatively. The majority of perforations 
were of size between 1 and 2 cm, in both groups. There 
was one giant ulcer in the laparoscopic group (> 2 cm) and 
five in the open group. The perforations in the laparotomy 

Table 1  Preoperative patient 
characteristics, co-morbidities 
and laboratory values

SD standard deviation, BMI body mass index, NSAID nonsteroidal anti-inflammatory drugs, CT computed 
tomography, WBC white blood count

n (%) All (n = 49) Laparoscopic (n = 16) Open (n = 33) p value

Gender (male) 23 (46.9%) 7 (43.8%) 16 (48.5%) 0.755
Age (year ± SD) 52.9 ± 15.4 54.0 ± 12.1 51.8 ± 16.6 0.596
BMI (kg/m2 ± SD) 25.0 ± 6.1 23.9 ± 5.7 25.6 ± 6.4 0.371
ASA ≥ III 37 (75.5%) 10 (62.5%) 27 (81.8%) 0.140
Previous history of PUD 22 (44.9%) 5 (31.3%) 17 (51.5%) 0.181
Antiacid use 17 (34.7%) 3 (18.8%) 14 (42.4%) 0.103
History of H. pylori 2 (4.1%) 1 (6.3%) 1 (3.0%) 0.593
Smoking 37 (75.5%) 13 (81.3%) 24 (72.7%) 0.515
Alcohol intake 35 (71.4%) 11 (78.6%) 24 (72.7%) 0.319
NSAIDs use 13 (26.5%) 6 (37.5%) 7 (21.2%) 0.226
Cocaine abuse 7 (14.3%) 3 (18.8%) 4 (12.1%) 0.534
No co-morbidities 12 (24.5%) 3 (18.8%) 9 (27.3%) 0.241
Previous abdominal surgery 24 (49.0%) 7 (43.8%) 17 (51.5%) 0.610
Tachycardia 20 (40.8%) 3 (18.8%) 17 (51.5%) 0.029
Hypotension 6 (12.2%) 0 (0%) 6 (18.2%) 0.069
Duration of symptoms 0.701
  ≤ 12 h 21 (42.9%) 8 (50.0%) 13 (39.4%)
 12–24 h 12 (24.5%) 4 (25.0%) 8 (24.2%)

  > 24 h 16 (34.0%) 4 (25.0%) 12 (36.4%)
Perioperative CT scan 39 (79.6%) 12 (75.0%) 27 (81.9%) 0.016
Hemoglobin (mg/dL ± SD) 13.3 ± 3.2 12.4 ± 3.0 13.8 ± 3.3 0.125
WBC  (109 cells/L ± SD) 11.5 ± 4.6 13.2 ± 4.9 10.6 ± 4.3 0.089
Lactic acid (29) (mg/dL ± SD) 6.9 ± 18.1 2.7 ± 1.1 9.0 ± 22.2 0.237
Albumin (31) (g/dL ± SD) 3.7 ± 0.8 4.0 ± 0.4 3.5 ± 0.9 0.046
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group were repaired either by Graham’s Patch (45.5%) or 
modified Graham’s repair (27.3%). The perforations in the 
laparoscopic approach were all repaired using the mCJR.

Once admitted to the hospital, the majority of patients 
in the laparoscopic group (87%) were taken up for surgery 
within 4 h after initial resuscitation, while 81.8% of patients 
in the open group were operated on within 24 h of admis-
sion (Table 2).

While the postoperative complication rate was minimal in 
the laparoscopic group with only one case of urinary reten-
tion and one case of ileus, patients in the open group had 
multiple complications. The most frequent complication 
noted in the open group was pneumonia (18%). There were 
no deaths in the laparoscopic group and two cases of mortal-
ity in the open group (Table 2).

Discussion

The literature demonstrates that minimally invasive sur-
gery provides significant benefit over open operation with 
decreased hospital length of stay, time to return of bowel 
function, and postoperative pain, among other variables. 
These outcomes directly lead to decreased cost and increased 
patient satisfaction. The study by Davenport and colleagues 
[17] demonstrated that within the United States American 
College of Surgeons National Surgical Quality Improve-
ment Project (ACS NSQIP) population, the proportion of 
laparoscopic PPU repairs has nearly tripled from 4.5% in 
2010 to 11.4% in 2016 (p < 0.001), indicating that more 
surgeons are utilizing the laparoscopic approach to repair 
PPUs. This can be attributed to generally decreased mor-
bidity associated with laparoscopic surgery and increased 
study data pertaining to safety and efficacy of the technique, 
with improved postoperative outcomes including reduced 
surgical site infections, postoperative complications, and 
hospital length of stay [1, 11, 12, 17, 18]. Additionally, in 
a large meta-analysis of five randomized controlled trials 
examining laparoscopic versus open repair of PPU, Tan and 
colleagues [19] demonstrated that laparoscopic outcomes 
were comparable to open surgery with regard to re-operation 
and mortality, while laparoscopic repair was associated with 
significant reduction in surgical site infection, faster time 
to diet and less postoperative pain. Our study affirms these 
associations, demonstrating a statistically significant reduc-
tion in hospital length of stay, earlier return to routine activi-
ties, and reduced rate of postoperative complications. These 
findings are important in that reduction in these unfavorable 
postoperative outcomes translate to optimized patient out-
comes in terms of morbidity and mortality as well as have 
potential for cost savings.

It is important to recognize that the study subjects in the 
open versus laparoscopic groups were demographically 

comparable, and there was no statistically significant dif-
ference between the two groups, including with regard to 
ASA scores or BMI, two factors that would suggest sicker 
patients with multiple co-morbidities. When comparing the 
size of perforation, size was comparable between the two 
groups, with the majority of perforations being 1–2 cm in 
size. The majority of these perforations in the open group 
were repaired using either the Graham’s Patch repair and 
the modified Graham’s Patch repair, whereas the modified 
Cellan-Jones repair (mCJR) was performed in all laparo-
scopically repaired patients. Blood loss was greater in the 
open group, which was statistically significant.

Although multiple studies have demonstrated the ben-
efits of repairing PPUs laparoscopically, in our study, it was 
associated with longer operative duration (Laparoscopic 
117.1 ± 35.6 min, open 85.6 ± 41.8 min, p = 0.01), which is 
comparable to other studies [17, 20]. This may be explained 
by the fact that there is improved exposure and more efficient 
mobilization in open repair. Furthermore, intraperitoneal 
lavage under laparoscopy is more time consuming, and this 
factor may contribute to the prolonged duration. Addition-
ally, the slower learning curve of the laparoscopic approach 
may be another contributing factor, especially in a teaching 
hospital whereby residents are involved. This finding is in 
conjunction with other studies comparing open and lapa-
roscopic approaches, which demonstrate longer operating 
times in laparoscopic groups in comparison to open repair 
[1, 21]. Interestingly, Bhingare and colleagues [22] noted 
that the position of the surgeon also impacted operative time, 
whereby repair of perforation with the surgeon in between 
the legs of the patient, with patient in Lloyd Davis position 
with reverse Trendelenburg tilt, was easier and more con-
venient for the surgeon, and took less than one and half hour 
for completion of procedure.

With regard to the postoperative course, this study dem-
onstrated rapid postoperative improvement following lapa-
roscopic repair with early return to routine activities, includ-
ing lesser duration of nasogastric tube, earlier oral feeding, 
and lesser analgesic requirements with shorter hospital stay 
in comparison to the open repair, which were all statisti-
cally significant. This is comparable to previous studies [20, 
22–27]. With regard to resumption of diet, oral feeding was 
started earlier in laparoscopic patients and was well toler-
ated, whereby more than half of the patients (62.6%) had 
diet initiation after postoperative day 1–2, in comparison to 
54.5% of patients in the open group initiating diet on post-
operative day 3–5. This can be explained by less postop-
erative ileus in the laparoscopic group. In line with other 
studies, the length of hospital stay after laparoscopic repair 
was shorter than open repair [27–29]. It is also notewor-
thy to mention that the LOS in our laparoscopic group is 
significantly decreased (3.7 ± 1.6 days) in comparison to 
other studies characterizing laparoscopic repair for PPU, 
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whereby mean duration of hospital stay ranged from 5 to 
7 days [22, 30–32]. To our knowledge, this is the shortest 
length of stay for laparoscopically repaired PPU patients 
in literature. The significantly shorter hospital stay in the 

laparoscopic group can be attributed to early recovery, early 
oral feeding, early removal of NGT, and lower morbidity 
observed in our patients. Additionally, discharge of these 
patients was not dependent on return of bowel function. 

Table 2  Operative and 
postoperative details and 
outcomes

mCJR modified Cellan-Jones repair, JP Jackson Pratt, EBL estimated blood loss, SD standard deviation, 
NGT nasogastric tube, POD postoperative day

n(%) All (n = 49) Laparoscopic (n = 16) Open (n = 33) p value

Time to operating room  < 0.001
 Immediately 19 (38.8%) 14 (87.5%) 5 (15.2%)
 Within 24 h 29 (59.2%) 2 (12.5%) 27 (81.8%)
 Delayed 1 (2.0%) 0 (0%) 1 (3.0%)
 Site of perforation (gastric) 21 (42.9%) 5 (31.3%) 16 (48.5%) 0.362

Size of perforation 0.615
  < 1 cm 7 (14.6%) 2 (12.5%) 5 (15.6%)
 1–2 cm 35 (72.9%) 13 (81.3%) 22 (68.8%)

  > 2 cm 6 (12.6%) 1 (6.3%) 5 (15.7%)
Type of repair  < 0.001
 Modified Graham’s patch 9 (18.4%) 0 (0%) 9 (27.3%)
 Graham’s patch 15 (30.6%) 0 (0%) 15 (45.5%)
 Primary repair 2 (4.1%) 0 (0%) 2 (6.1%)
 mCJR 23 (46.9%) 14 (100.0%) 7 (21.2%)
 Omental patch 40 (81.6%) 12 (75.0%) 28 (84.8%) 0.391
 JP drain 30 (61.2%) 9 (56.3%) 21 (63.6%) 0.619
 EBL (mL ± SD) 51.9 ± 152.3 11.8 ± 2.9 73.8 ± 185.5 0.063
 Operative time (min ± SD) 96.3 ± 41.9 117.1 ± 35.6 85.6 ± 41.8 0.010

Nasogastric tube  < 0.001
 No NGT 1 (2.0%) 0 (0%) 1 (3.0%)
 1–2 days 22 (44.9%) 14 (87.5%) 8 (24.2%)
 3–5 days 18 (36.7%) 2 (12.5%) 16 (48.5%)

  > 5 days 8 (16.3%) 0 (0%) 8 (24.2%)
Oral feeding resumption 0.002
 POD1-2 13 (26.5%) 10 (62.6%) 3 (9.1%)
 POD3-5 23 (40.7%) 5 (31.3%) 18 (54.5%)

  > POD5 13 (32.8%) 1 (6.1%) 12 (28.3%)
Opioid use  < 0.001
  < 3 days 11 (22.4%) 9 (58.3%) 2 (6.1%)
 3–5 days 17 (34.7%) 6 (37.5%) 11 (33.3%)

  > 5 days 21 (42.9%) 1 (6.3%) 20 (60.6%)
Return of bowel function 0.002
 1–2 days 10 (20.4%) 7 (43.8%) 3 (9.1%)
 3–5 days 26 (53.1%) 9 (58.3%) 17 (51.5%)
  > 5 days 13 (26.5%) 0 (0%) 13 (39.4%)
 Empiric H. pylori treatment 22 (44.9%) 13 (81.3%) 9 (27.3%)  < 0.001
 Morbidity rate (≥ 1 complication) 16 (32.7%) 2 (12.5%) 14 (39.4%) 0.500
 In house mortality 2 (4.1%) 0 (0%) 2 (6.1%) 0.347
 LOS(day ± SD) 12.2 ± 14.4 3.7 ± 1.6 16.1 ± 16.3  < 0.001

Discharge location 0.035
 Home 36 (73.5%) 16 (100%) 20 (60.6%)
 Inpatient rehabilitations 7 (14.3%) 0 (0%) 7 (21.2%)
 Nursing home 2 (4.1%) 0 (0%) 2 (6.1%)
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Lastly, laparoscopically repaired patients underwent a close 
and diligent follow-up schedule post discharge, including 
receiving a call within 24 h and being seen in clinic within 
72 h of discharge.

Postoperative complications in the laparoscopic group 
were minimal and benign in nature, including one case of 
urinary retention and one case of ileus. This is drastically 
in contrast to the open group, which experienced a wide 
variety of postoperative complications including three cases 
of intraabdominal abscesses and fluid collections, five cases 
of pneumonia and respiratory failure and two cases of death. 
Pneumonia was the most common postoperative morbidity 
in the open group. The significant rate of pneumonia (18% in 
open, 0% in laparoscopic), may be explained by the fact that 
performing an upper abdominal incision limits the respira-
tory effort of the patient due to increased postoperative pain, 
which then leads to atelectasis and other complications. This 
has also been commonly demonstrated by previous studies 
[29, 33, 34]. Despite comparable large perforation sizes in 
both groups, there were no cases of leakage, intraabdominal 
fluid collection, need for re-exploration or mortality in the 
laparoscopic group. The rate of leakage and re-operation 
have been as high as 8% in studies whereby other methods of 
repair were used [26]. In the present study, ulcer size did not 
correlate with mortality, ats the patients in the open group 
that succumbed to death had ulcer sizes less than 2 cm.

Furthermore, there were no conversions to open in our 
laparoscopic group, despite large perforation diameter, 
including sizes 2–3 cm, which demonstrates that the mCJR 
is advantageous even in relatively large sized perforations 
which may have difficulty placing sutures through friable 
edges. This is in contrast to the study by Alnaimy and col-
leagues [20], in which three of thirty-two laparoscopically 
repaired perforations using the modified Graham’s Patch 
repair were converted to open.

This study has several limitations associated with it being 
a retrospective study. Additionally, the number of cases in 
the laparoscopic group is small in comparison to the open 
group, which may be attributed to the fact that a single mini-
mally invasive trained surgeon performed all of the laparo-
scopic cases, while there was an inclination for the open 
approach among other acute care surgeons. Furthermore, 
different methods of repair were utilized (mCJR versus mod-
ified Graham’s Patch versus Graham’s repair) in the two 
groups, which make it difficult to ascertain the causality of 
the reported outcomes.

In conclusion, although open surgery is currently the 
more frequently utilized approach for repair of PPU, a strong 
argument can be made that for select patients (without pre-
operative septic shock), laparoscopy is a safe and effective 
approach as it may be a diagnostic and therapeutic alterna-
tive to open surgery. As evident in our 16 laparoscopically 
repaired consecutive patients, with appropriate resuscitation, 

PPU patients are able to tolerate pneumoperitoneum and 
therefore reap the benefits of minimally invasive laparo-
scopic repair. Considering the benefits associated with the 
laparoscopic procedure, such as minimization of postop-
erative wound pain, early return to routine daily activities 
and early discharge, it may outweigh the consumable cost 
required in the performance of laparoscopic procedures. One 
of the significant findings in this study was the short LOS in 
the laparoscopic group, which becomes increasingly relevant 
and important in the recent COVID-19 pandemic era, which 
imparts a substantial strain on healthcare resources. A limit-
ing factor to approaching PPU laparoscopically is largely 
surgeon expertise in laparoscopic knotting, which can be 
overcome with further dedicated training or via performing 
extracorporeal knotting, which requires less surgical expe-
rience and has a shorter learning curve than intracorporeal 
tying. Additionally, as demonstrated in our study, placing the 
patient in the French position with the operator between the 
patient’s legs can further facilitate suturing, making it more 
expedient to repair the defect.

Paired with laparoscopic repair, this study also demon-
strates the described mCJR may be advantageous for repair-
ing PPU, even for relatively large perforations. Thus, while 
there is a definite role for open approach to perforated ulcer 
repair, surgeon skill and careful evaluation of perioperative 
characteristics and preoperative clinical status will allow for 
the safe use of laparoscopic approach with the associated 
patient benefits.

Acknowledgements Jennifer Peshinski, RN for assistance with acquisi-
tion of patient data.

Declarations 

Disclosures Abubaker Ali is a lecturer for Intuitive Surgical. Tanya 
Odisho, Awni Shahait, Jared Sharza and Abubaker Ali have no conflicts 
of interest or financial ties to disclose.

References:

 1. Bertleff MJOE, Lange JF (2010) Laparoscopic correction of per-
forated peptic ulcer: first choice? Surg Endosc 24:1231

 2. Peterson WL (1991) Helicobacter pylori and peptic ulcer disease. 
N Engl J Med 324:1043–1048

 3. Chung KT, Shelat VG (2017) Perforated peptic ulcer—an update. 
World J Gastrointest Surg 9:1–12. https:// doi. org/ 10. 4240/ wjgs. 
v9. i1.1

 4. Walsh JH (1995) The treatment of helicobacter pylori infec-
tion in the management of peptic ulcer disease. N Engl J Med 
333:984–991

 5. Wang YR, Richter JE, Dempsey DT (2010) Trends and outcomes 
of hospitalizations for peptic ulcer disease in the united states, 
1993 to 2006. Ann Surg 251:51–58. https:// doi. org/ 10. 1097/ SLA. 
0b013 e3181 b975b8

https://doi.org/10.4240/wjgs.v9.i1.1
https://doi.org/10.4240/wjgs.v9.i1.1
https://doi.org/10.1097/SLA.0b013e3181b975b8
https://doi.org/10.1097/SLA.0b013e3181b975b8


722 Surgical Endoscopy (2023) 37:715–722

1 3

 6. Søreide K, Thorsen K, Harrison EM, Bingener J, Møller MH, 
Ohene-Yeboah M, Søreide JA (2015) Perforated peptic ulcer. Lan-
cet 386:1288–1298

 7. Møller MH, Adamsen S, Thomsen RW, Møller AM (2011) Mul-
ticentre trial of a perioperative protocol to reduce mortality in 
patients with peptic ulcer perforation. Br J Surg 98:802–810. 
https:// doi. org/ 10. 1002/ bjs. 7429

 8. Svanes C, Lie RT, Svanes K, Lie SA, Søreide O (1994) Adverse 
effects of delayed treatment for perforated peptic ulcer. Ann Surg 
220:168–175

 9. Vats R, Rehmani B, Agrawal S (2018) The outcome of surgery for 
perforated peptic ulcer in modern times. Int Surg J 5:1702–1707. 
https:// doi. org/ 10. 18203/ 2349- 2902. isj20 181418

 10 Kumar P, Kumar S, Verma R, Agarwal A, Kumari R (2016) Lapa-
roscopic versus open repair of duodenal perforation: a compara-
tive study in tertiary care hospital in Uttarakhand India. Int J Surg. 
https:// doi. org/ 10. 18203/ 2349- 2902. isj20 163563

 11 Sanabria A, Villegas MI, Morales Uribe CH (2013) Laparoscopic 
repair for perforated peptic ulcer disease. Cochrane Database Syst 
Rev 2013:CD004778

 12. Bertleff MJOE, Halm JA, Bemelman WA, van der Ham AC, 
van der Harst E, Oei HI, Smulders JF, Steyerberg EW, Lange 
JF (2009) Randomized clinical trial of laparoscopic versus open 
repair of the perforated peptic ulcer: the LAMA trial. World J Surg 
33:1368–1373. https:// doi. org/ 10. 1007/ s00268- 009- 0054-y

 13. di Saverio S, Bassi M, Smerieri N, Masetti M, Ferrara F, Fabbri C, 
Ansaloni L, Ghersi S, Serenari M, Coccolini F, Naidoo N, Sartelli 
M, Tugnoli G, Catena F, Cennamo V, Jovine E (2014) Diagnosis 
and treatment of perforated or bleeding peptic ulcers: 2013 WSES 
position paper. World J Emerg Surg 9:45

 14. Lau W-Y, Leung K-L, Kwong K-H, Davey IC, Robertson C, Daw-
son JJW, Chung SCS, Li AKC (1996) Perforated peptic ulcer 
using suture or sutureless technique. Ann Surg 224:131–138

 15. Cellan-Jones CJ (1929) A rapid method of treatment in perforated 
duodenal ulcer. Br Med J 1:1076–1077

 16. Lagoo S, McMahon RL, Kakihara M, Pappas T, Eubanks S (2002) 
The sixth decision regarding perforated duodenal ulcer. JSLS 
6:359–368

 17. Davenport DL, Ueland WR, Kumar S, Plymale M, Bernard 
AC, Roth JS (2019) A comparison of short-term outcomes 
between laparoscopic and open emergent repair of perforated 
peptic ulcers. Surg Endosc 33:764–772. https:// doi. org/ 10. 1007/ 
s00464- 018- 6341-7

 18. Muller MK, Wrann S, Widmer J, Klasen J, Weber M, Hahnloser 
D (2016) Perforated peptic ulcer repair: factors predicting conver-
sion in laparoscopy and postoperative septic complications. World 
J Surg 40:2186–2193. https:// doi. org/ 10. 1007/ s00268- 016- 3516-z

 19. Tan S, Wu G, Zhuang Q, Xi Q, Meng Q, Jiang Y, Han Y, Yu C, 
Yu Z, Li N (2016) Laparoscopic versus open repair for perforated 
peptic ulcer: a meta analysis of randomized controlled trials. Int 
J Surg 33:124–132. https:// doi. org/ 10. 1016/j. ijsu. 2016. 07. 077

 20. Alnaimy A, Elkilany MA (2018) A comparison of laparoscopic 
and open repair of perforated duodenal ulcer using omental patch: 
a prospective randomized controlled trial. Kasr El Aini J Surg 
19(1):1

 21. Lau H (2004) Laparoscopic repair of perforated peptic ulcer: a 
meta-analysis. Surg Endosc 18:1013–1021. https:// doi. org/ 10. 
1007/ s00464- 003- 8266-y

 22. Bhingare PD, Shelke UR, Saxena RV, Sasane SV, Bang YA (2016) 
Laparoscopic repair of peptic ulcer perforation: single center 
experience. Int J Anat Rad Surg 5:SO11–SO15

 23. Siu WT, Leong HT, Law BKB, Chau CH, Li ACN, Fung KH, Tai 
YP, Li MKW (2002) Laparoscopic repair for perforated peptic 
ulcer a randomized controlled trial. Ann Surg 235:313–319

 24. Lunevicius R, Morkevicius M (2005) Management strategies, 
early results, benefits, and risk factors of laparoscopic repair of 
perforated peptic ulcer. World J Surg 29:1299–1310. https:// doi. 
org/ 10. 1007/ s00268- 005- 7705-4

 25. Ge B, Wu M, Chen Q, Chen Q, Lin R, Liu L, Huang Q (2016) A 
prospective randomized controlled trial of laparoscopic repair ver-
sus open repair for perforated peptic ulcers. Surgery 159:451–458. 
https:// doi. org/ 10. 1016/j. surg. 2015. 07. 021

 26. Naesgaard JM, Edwin B, Reiertsen O, Trondsen E, Faerden AE, 
Rosseland AR (1991) Laparoscopic and open operation in patients 
with perforated peptic ulcer. Eur J Surg 165:209–214

 27. Katkhouda N, Mavor E, Mason RJ, Campos GM, Soroushyari 
A, Berne TV (1999) Laparoscopic repair of perforated duodenal 
ulcers outcome and efficacy in 30 consecutive patients. Arch Surg 
134(8):845–850

 28. Siow SL, Mahendran HA, Wong CM, Hardin M, Luk TL (2018) 
Laparoscopic versus open repair of perforated peptic ulcer: 
improving outcomes utilizing a standardized technique. Asian J 
Surg 41:136–142. https:// doi. org/ 10. 1016/j. asjsur. 2016. 11. 004

 29. Siu WT, Chau CH, Law BKB, Tang CN, Ha PY, Li MKW (2004) 
Routine use of laparoscopic repair for perforated peptic ulcer. Br 
J Surg 91:481–484. https:// doi. org/ 10. 1002/ bjs. 4452

 30. Lin BC, Liao CH, Wang SY, Hwang TL (2017) Laparoscopic 
repair of perforated peptic ulcer: simple closure versus omen-
topexy. J Surg Res 220:341–345. https:// doi. org/ 10. 1016/j. jss. 
2017. 07. 034

 31. Yoon JJ, Kim HO, Jung KU, Lee SR (2019) Laparoscopic single 
figure of eight suturing omentopexy for the treatment of a perfo-
rated duodenal ulcer. J Minim Invasive Surg 22:23–28. https:// doi. 
org/ 10. 7602/ jmis. 2019. 22.1. 23

 32. Quah GS, Eslick GD, Cox MR (2019) Laparoscopic repair for 
perforated peptic ulcer disease has better outcomes than open 
repair. J Gastrointest Surg 23:618–625. https:// doi. org/ 10. 1007/ 
s11605- 018- 4047-8

 33. Zedan A, Lolah M, Badr M, Ammar M (2015) Laparoscopic ver-
sus open repair of perforated duodenal peptic ulcer: a randomized 
controlled trial. Menoufia Med J 28:62. https:// doi. org/ 10. 4103/ 
1110- 2098. 155945

 34. Budzyński P, Pędziwiatr M, Grzesiak-Kuik A, Natkaniec M, 
Major P, Matłok M, Stanek M, Wierdak M, Migaczewski M, 
Pisarska M, Budzyński A (2015) Changing patterns in the surgical 
treatment of perforated duodenal ulcer—single centre experience. 
Wideochir Inne Tech Maloinwazyjne 10:430–436. https:// doi. org/ 
10. 5114/ wiitm. 2015. 54057

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/bjs.7429
https://doi.org/10.18203/2349-2902.isj20181418
https://doi.org/10.18203/2349-2902.isj20163563
https://doi.org/10.1007/s00268-009-0054-y
https://doi.org/10.1007/s00464-018-6341-7
https://doi.org/10.1007/s00464-018-6341-7
https://doi.org/10.1007/s00268-016-3516-z
https://doi.org/10.1016/j.ijsu.2016.07.077
https://doi.org/10.1007/s00464-003-8266-y
https://doi.org/10.1007/s00464-003-8266-y
https://doi.org/10.1007/s00268-005-7705-4
https://doi.org/10.1007/s00268-005-7705-4
https://doi.org/10.1016/j.surg.2015.07.021
https://doi.org/10.1016/j.asjsur.2016.11.004
https://doi.org/10.1002/bjs.4452
https://doi.org/10.1016/j.jss.2017.07.034
https://doi.org/10.1016/j.jss.2017.07.034
https://doi.org/10.7602/jmis.2019.22.1.23
https://doi.org/10.7602/jmis.2019.22.1.23
https://doi.org/10.1007/s11605-018-4047-8
https://doi.org/10.1007/s11605-018-4047-8
https://doi.org/10.4103/1110-2098.155945
https://doi.org/10.4103/1110-2098.155945
https://doi.org/10.5114/wiitm.2015.54057
https://doi.org/10.5114/wiitm.2015.54057

	Outcomes of laparoscopic modified Cellan-Jones repair versus open repair for perforated peptic ulcer at a community hospital
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Methods
	Patient selection
	Operative technique
	Open repair group
	Laparoscopic repair group modified Cellan-Jones repair (mCJR)

	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




