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Abstract
Background  Small bowel obstruction is typically managed nonoperatively; however, refractory small bowel obstructions or 
closed loop obstructions necessitate operative intervention. Traditionally, laparotomy has long been the standard operative 
intervention for lysis of adhesions of small bowel obstructions. But as surgeons become more comfortable with minimally 
invasive techniques, laparoscopy has become a widely accepted intervention for small bowel obstructions. The objective of this 
study was to compare the outcomes of laparoscopy to open surgery in the operative management of small bowel obstruction.
Methods  This is a retrospective analysis of operative small bowel obstruction cases at a single academic medical center from 
June 2016 to December 2019. Data were obtained from billing data and electronic medical record for patients with primary 
diagnosis of small bowel obstruction. Postoperative outcomes between the laparoscopic and open intervention groups were 
compared. The primary outcome was time to return of bowel function. Secondary outcomes included length of stay, 30-day 
mortality, 30-day readmission, VTE, and reoperation rate.
Results  The cohort consisted of a total of 279 patients with 170 (61%) and 109 (39%) patients in the open and laparoscopic 
groups, respectively. Patients undergoing laparoscopic intervention had overall shorter median return of bowel function (4 
vs 6 days, p = 0.001) and median length of stay (8 vs 13 days, p = 0.001). When stratifying for bowel resection, patients in 
the laparoscopic group had shorter return of bowel function (5.5 vs 7 days, p = 0.06) and shorter overall length of stay (10 vs 
16 days, p < 0.002). Patients in the laparoscopic group who did not undergo bowel resection had an overall shorter median 
return of bowel function (3 vs 5 days, p < 0.0009) and length of stay (7 vs 10 days, p < 0.006). When comparing surgeons 
who performed greater than 40% cases laparoscopically to those with fewer than 40%, there was no difference in patient 
characteristics. There was no significant difference in return of bowel function, length of stay, post-operative mortality, or 
re-admission laparoscopic preferred or open preferred surgeons.
Conclusion  Laparoscopic intervention for the operative management of small bowel obstruction may provide superior 
clinical outcomes, shorter return of bowel function and length of stay compared to open operation, but patient selection for 
laparoscopic intervention is based on surgeon preference rather than patient characteristics.

Keywords  Small bowel obstruction · Laparoscopy · Outcomes · Surgical outcomes

Small bowel obstruction (SBO) was the second most com-
mon cause of emergency general surgery admissions in 2016 
and accounted for up to $3 billion in health care expenditures 
in the USA [1, 2]. Adhesive disease from prior surgery is by 

far the most common cause of SBO in the USA, accounting 
for up to 74% of cases [3]. Less common causes include 
malignancy, inflammatory bowel disease, and hernias [4]. 
The standard of care for SBO in patients without peritonitis 
remains nasogastric tube decompression, aggressive fluid 
resuscitation, electrolyte repletion, and supportive care. 
Most cases of SBO will resolve with non-surgical interven-
tion within 48–72 h [5, 6]. However, up to 24% will require 
surgery for failure of non-surgical management or if they 
develop signs of compromised bowel [7].
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Exploratory laparotomy remains the standard of care for 
patients requiring surgical intervention for adhesive SBO 
[8]. Nonetheless, the use of minimally invasive surgical 
modalities, such as laparoscopy, have gained popularity over 
the last few decades, since the first laparoscopic adhesioly-
sis was described by Bastug et al. [9]. This has led some 
surgeons to establish laparoscopic exploration as a viable 
alternative to exploratory laparotomy in select patients with 
SBO [8, 10]. This technique has been viewed as advanta-
geous given its decreased postoperative pain, faster return 
of bowel function, and fewer wound complications [11, 
12]. This approach has been met with some reservations, 
as some would argue that laparoscopy is associated with 
missed bowel injury, incomplete visualization of the small 
bowel, and higher costs [1–3].

With the evolution and increasing adoption of minimally 
invasive surgery we are beginning to see promising results in 
favor of laparoscopy in the treatment of adhesive SBO. In a 
recent study by Sebastian-Valverde et al. [14], laparoscopic 
intervention was shown to have reduced overall complication 
rate and mortality rate compared to open intervention. Sev-
eral similar studies have corroborated these findings [10, 14, 
15]. Nonetheless, there are no randomized control trials that 
confirm the superiority of laparoscopy to an open approach 
for surgical management of SBO. Furthermore, these stud-
ies tend to favor younger patients with fewer co-morbidities 
and very specific clinical criteria that may not be widely 
applicable for many practicing surgeons [16]. This lack of 
high-quality data may impede a more robust adoption of 
laparoscopy in the management of SBO. At our institution, 
there is no protocol regarding approach for surgical manage-
ment of SBO and the choice of laparoscopic versus open 
approach is at the discretion of the operating surgeon. With 
this objective in mind, we sought to compare the outcomes 
of laparoscopic interventions to that of open surgery for the 
surgical treatment of SBO.

Methods

Study design

This is a descriptive, retrospective study of patients admitted 
with SBO who underwent laparoscopic or open surgery at a 
single academic medical center from June 2016 to Decem-
ber 2019. Cases were identified based on billing codes 
and data were obtained from electronic health record and 
operative logs for patients with primary diagnosis of small 
bowel obstruction. The institutional review board approved 
the study. Inclusion criteria was patients who underwent 
either exploratory laparotomy or diagnostic laparoscopy 
for a primary diagnosis of small bowel obstruction. Exclu-
sion criteria included strangulated or incarcerated hernias, 

SBO related to bariatric surgery, internal hernias, malignant 
obstructions, radiation enteritis, obstruction related to active 
inflammatory bowel disease flares, and operations that did 
not reveal obstruction.

Data collection

Data were collected and divided in four sections: patient 
baseline characteristics, preoperative data, intraopera-
tive data, and patient outcomes. Patient demographics and 
comorbidities were analyzed and included age, sex, body 
mass index (BMI) diabetes mellitus (DM), hypertension, 
chronic obstructive pulmonary disease (COPD), chronic 
kidney disease (CKD), coronary artery disease (CAD), 
peripheral vascular disease (PVD), myocardial infarction, 
congestive heart failure, liver disease, malignancy, antico-
agulation status, neurologic disease, hemiplegia, dementia, 
smoking, obesity, American Society of Anesthesiologists 
(ASA) score, and Charslon score [17].

Preoperative data consisted of the presence of peritonitis 
on physical examination or CT findings requiring immediate 
surgery. Operative cases were analyzed based on the initial 
approach of the case, open or laparoscopic. Thus, laparo-
scopic cases converted to open are included in the laparo-
scopic group. The intraoperative and postoperative outcomes 
for cases converted to an open procedure were also analyzed 
separately. Intraoperative and postoperative data consisted 
of type of the approach, need for bowel resection, length 
of stay, 30-mortality, 30-day readmission, and re-operation. 
We categorized each operation by surgeon and whether a 
laparoscopic or open approach was selected. Each surgeon 
was coded and their total number of open and laparoscopic 
cases were calculated. Surgeons who performed ≥ 10 total 
cases were classified as “Group A,” all other surgeons were 
classified as “Group B.” Within Group A, surgeons were 
further sub-classified as open preferred or laparoscopic pre-
ferred based on the percent utilization of the laparoscopic 
approach. The postoperative outcomes were then assessed 
within this group. Our primary outcome was return of bowel 
function. Secondary outcomes were length of stay, estimated 
blood loss (EBL), mortality, readmission, and surgical site 
infection (SSI).

Statistical analysis

A descriptive analysis was performed. Categorical vari-
ables are expressed as counts and percentiles. Continuous 
variables whose distribution approximated normality were 
reported as mean and standard deviation; median and range 
was used for continuous variables with skewed distribu-
tions. Bivariate analysis was conducted to identify factors 
associated with type of approach. Chi-square and Fisher’s 
Exact tests were used for categorical variables. T-tests and 
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Wilcoxon rank-sum tests were used for continuous variables. 
Data were analyzed using SAS v9.4 (SAS Institute, Cary, 
North Carolina, USA).

Results

During the study period, 49 surgeons performed 279 opera-
tions on patients with SBO. The outcomes of the patients’ 
primary surgery were analyzed. There were 170 (61%) 
patients in the open group and 109 (39%) in the laparos-
copy group.

While there was some rate of variability among patient 
characteristics and comorbidities between the open and 

laparoscopic groups, we noted no major differences between 
the two groups. The mean age in the open group was 64 
(SD ± 16) years and 65 (SD ± 16) in the laparoscopic group 
(p = 0.55), the average BMI was 27 kg/m2 (SD ± 8) in the 
open group vs 28 kg/m2 (SD ± 8, p = 0.58). There were a 
greater number of American Society Anesthesiology class 
III (106 vs 61) and IV (26 vs 13) the open group, but no 
overall difference in ASA score (p = 0.3) (Table 1).

Patients undergoing laparoscopic intervention had over-
all shorter median days to return of bowel function 4 days 
(range 0–20) vs 6 days (range 0–70) days, (p = 0.001) and 
shorter median length of stay 8 days (range 0–72) vs 13 days 
(range 0–246) days, p = 0.001). Subgroups were made based 
on whether the patients required small bowel resection or 
not during the surgery. For those who required small bowel 
resection (n = 112), the laparoscopic group had shorter return 
of bowel function median 5.5 days (range 1–15) vs 7 (range 
0–21) days, (p = 0.06) and shorter overall median length of 
stay as well 10 days (range 0–72) vs 16 days (range 0–246), 
p < 0.002). In those who did not undergo bowel resection, 
there was an overall shorter median return of bowel func-
tion, median 3 days (range 0–20) vs 5 days (range 0–70), 
p < 0.0009) and shorter length of stay, median 7 days (range 
0–65) vs 10 days (range 0–104), p < 0.006) (Table 2).

Table 1   Patient characteristics

BMI Body Mass Index, COPD Chronic Obstructive Pulmonary Dis-
order, CKD Chronic Kidney Disease, CAD Coronary Artery Disease, 
PVD Peripheral Vascular Disease, CVA Cerebrovascular Accident, 
TIA Transient Ischemic Attack, ASA American Society of Anesthesi-
ologists score

Open Laparoscopic p
n (%) n (%)

Total group 170 109
Patient characteristics
 Male sex 65 (38.2) 51 (46.8) 0.15
 Mean age, year (± SD) 64 (± 16) 65 (± 16) 0.55
 BMI, kg/m2 (± SD) 27 (± 8) 28 (± 8) 0.58
 Mean Charlson Score, (± SD) 3.9 (± 2.5) 3.7 (± 2.6) 0.68

Diabetes Mellitus 45 (26.5) 36 (33) 0.23
COPD 11 (6.5) 10 (9) 0.4
CKD 10 (6) 12 (11) 0.2
Hyperlipidemia 34 (20) 35 (32) 0.02
CAD 15 (9) 14 (13) 0.29
PVD 4 (2.3) 1(1) 0.37
Hypertension 103 (61) 61 (56) 0.44
Myocardial infarction 9 (5.3) 5 (4.6) 0.8
Congestive Heart Failure 14 (8.2) 5 (4.6) 0.23
Anticoagulation 4 (2.3) 6 (5.5) 0.19
Liver disease 9 (5.3) 2 (1.8) 0.14
Neurologic disease (CVA or TIA) 13 (7.6) 7 (6.4) 0.69
Hemiplegia 4 (2.3) 4 (3.7) 0.71
Dementia 8 (4.7) 3 (2.7) 0.53
Smoking 12 (7) 8 (7.3) 0.9
Obesity 44 (26) 32 (29) 0.52
ASA
 II 37 (21.7) 34 (31.2) 0.3
 III 106 (62.3) 61 (56)
 IV 26 (15.3) 13 (12)
 Peritonitis 15 (8.8) 8 (7.3) 0.6

CT finding requiring immediate 
surgery

36 (21.3) 20 (18.3) 0.54

Table 2   Intraoperative and postoperative outcomes

Intraoperative outcomes include EBL (estimated blood loss), small 
bowel resection. Postoperative outcomes include ROBF (return of 
bowel function), LOS (length of stay), 30-day mortality rate, 30-day 
readmission rate, reoperation rate, and SSI (surgical site infection)

Open Laparoscopic p
n (%) n (%)

Small bowel resection 77 (45.3) 35 (32.1) 0.02
EBL, median (range) 35(0–2000) 10 (0–750) 0.0012
ROBF, median (range) 6 (0–70) 4 (0–20) 0.001
LOS, median (range) 13 (0–246) 8 (0–72) 0.001
No small bowel resection
 EBL, median (range) 15 (0–410) 10 (0–250) 0.03
 ROBF, median (range) 5 (0–70) 3 (0–20) 0.0009
 LOS, median (range) 10 (0–104) 7 (0–65) 0.006
 30-day mortality 5 (5.4) 2 (2.7) 0.46
 30-day Readmission 16 (17.2) 7 (9.5) 0.14
 Reoperation 8 (8.6) 5 (6.8) 0.7
 SSI 7 (7.5) 0 (0) 0.01

Small bowel resection
 EBL, median (range) 50 (0–2000) 50 (5–750) 0.26
 ROBF, median (range) 7 (0–21) 5.5 (1–15) 0.06
 LOS, median (range) 16 (0–246) 10 (0–72) 0.002
 30-day mortality 7 (9) 2 (5.7) 0.7
 30-day Readmission 11 (14.3) 3 (8.6) 0.54
 Reoperation 22 (28.5) 3 (8.6) 0.02
 SSI 8 (10.4) 5 (14.3) 0.54
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A separate analysis of intraoperative and postopera-
tive outcomes was performed of all cases converted from 
laparoscopic to open. There was a total of 51 laparoscopic 
cases that converted to open. The median return of bowel 
function among these cases was 5 days (range 4–8), with 
a median length of stay of 13 days (range 7–18). A bowel 
resection was performed in 51% of all cases converted to 
open. Among the cases of conversion to open, there was an 
11.8% 30-day readmission rate and a 7.8% 30-day mortality 
rate (Table 3).

Our results were further analyzed based on surgeon uti-
lization of each approach. Surgeons who were classified 
in Group A were analyzed separately as “open preferred” 
or “laparoscopic preferred.” The overall rate of the lapa-
roscopic approach in this study was 39%. We then classi-
fied surgeons in Group A as laparoscopic preferred if they 
performed at least 40% of their surgeries laparoscopically. 
Otherwise, they were considered open preferred. Patient 
baseline and preoperative characteristics were compared 
between these groups including age, BMI, mean Charlson 
score, bowel resection, malignancy, peritonitis, and CT find-
ings indicating emergency surgery (Table 4). There were no 
clinically meaningful differences in the preoperative charac-
teristics of patients with the open preferred and laparoscopic 
preferred groups.

The postoperative outcomes of both open and laparo-
scopic cases for the open preferred and laparoscopic pre-
ferred groups within Group A were also compared (Table 5). 
The laparoscopic preferred group had increased rate of 
small bowel resections in their laparoscopic cases (14% vs 
5%, p = 1.0). The outcomes of open cases for high volume 
surgeons in the laparoscopic preferred and open preferred 
groups were compared when controlling for small bowel 
resection. (Table 6). The laparoscopic preferred group had 
a lower 30-day readmission rate (2% vs 5%, p = 0.42) and 
reoperation rate (3% vs 10%, p = 0.06). A similar analysis 
was performed for laparoscopic cases among the open and 
laparoscopic preferred high volume surgeons (Table 7).

When no bowel was resected laparoscopically, the lapa-
roscopic preferred group showed 4% reoperation rate com-
pared to 0% in the open preferred (p = 0.56). The 30-day 
mortality rate in the laparoscopic preferred group was 1% 
compared to 0% in the open preferred group without bowel 
resection (p = 1.0). When bowel was resected laparoscopi-
cally, the 30-day mortality within the laparoscopic pre-
ferred group of 0% vs 1% case in the open preferred group 
(p = 0.26). The laparoscopic preferred group also showed a 
lower readmission rate when resecting bowel laparoscopi-
cally with 1% vs 2% (p = 0.15) in the open preferred group.

Discussion

The prior standard for the surgical management of small 
bowel obstruction has been a laparotomy; however, new 
guidelines suggest that a minimally invasive approach is a 
safe alternative [8]. This study shows that when utilized, 
laparoscopic management of adhesive small bowel obstruc-
tion has a quicker return of bowel function and an overall 
shorter length of stay. Both of these surgical approaches 
also had a similar safety profile as there was no difference 
in 30-day mortality in cases involving bowel resection or 
without bowel resection. Despite the lack of statistical differ-
ence in mortality, we found a clinically notable difference in 
mortality overall as there was 5% mortality difference in the 

Table 3   Perioperative outcomes of laparoscopic converted to open 
cases

This table illustrates both intraoperative and postoperative outcomes 
in the subset of laparoscopic cases that were converted to open lapa-
rotomies

n = 51 n (%)

Bowel resection 26 (51)
Intraop complication 5 (9.8)
Reoperation 3 (5.9)
ROBF (median) 5 (4–8)
LOS (median) 13 (7–18)
30-day readmission 6 (11.8)
30-day mortality 4 (7.8)

Table 4   Patient characteristics 
among high volume surgeons 
(> 10 operative cases)

Open preferred 
(n = 136)

Laparoscopic 
preferred(n = 143)

p

n (%) n (%)

Mean age, years (± SD) 66.2 (± 16) 65.4 (± 16) 0.93
BMI, kg/m2 (± SD) 27.6 (± 7) 27.0 (± 8) 0.28
Mean Charlson Score, (± SD) 3.7 (± 2.4) 3.9 (± 2.6) 0.67
Bowel resection 33 (42) 42 (39) 0.61
Malignancy 34 (25) 41 (29) 0.48
Peritonitis 6 (8) 9 (9) 1.0
CT finding requiring immediate surgery 11 (14) 19 (18) 0.55
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laparoscopic group compared to the open group. Regardless, 
this shows that an initial laparoscopic approach for surgi-
cal management of SBO may yield better or equivalent out-
comes compared to laparotomy, even if converted to open.

Additionally, there were significantly lower rates of reop-
eration in laparoscopic cases involving bowel resection. 
When stratifying for bowel resection, we found a signifi-
cantly shorter length of stay; while there was no significant 
difference in return of bowel function in this group there 
may be a clinical difference in overall length of stay as there 
was a median 1.5 day difference. While clinical guidelines 
suggest a greater safety profile with open approach to small 
obstruction [8], this study shows there is no difference when 
using laparoscopy. Nonetheless, our data suggest there is an 
important clinic impact of an initial laparoscopic approach. 
It is well described in the SBO literature that laparoscopy is 
associated with decreased pain, shorter length of stay, and 
shorter return to work, without an increased complication 
rate [18]. Our data verifies these findings, but also dem-
onstrate the potential to reduce cost by shortening length 
of stay. In addition to reducing length of stay, laparoscopic 
intervention can reduce overall hospital cost with a concomi-
tant decrease in medical work up including serial labs and 
imaging [6].

Furthermore, the results of this study ultimately show 
that the surgical approach to SBO in our institution is more 
likely influenced by surgeon preference and training rather 
than patient characteristics. The surgical experience of the 
surgeons included in this analysis varied widely from 1 to 
42 years since completing fellowship training; however, 
we did not differentiate surgeons based on prior fellowship 
training. Among the surgeons in Group A, the preopera-
tive characteristics were not significantly different between 
the open and laparoscopic preferred groups (Table 4). This 
suggests that surgeons who frequently perform explorations 
for SBO in the laparoscopic preferred group did not select 

Table 5   Comparing overall outcomes for all high volume surgeons 
(n > 10 cases)

This table compares intraoperative and postoperative outcomes in 
open and laparoscopic cases for high volume surgeons when catego-
rized by open preferred (< 40% of cases laparoscopic) and laparo-
scopic preferred (> 40% of cases laparoscopic)

Open
Preferred (n = 77)

Laparoscopic
Preferred (n = 106)

p-value

n (%) n (%)

Open (n = 111) 59 52
 30-day mortality 1 (2) 4 (8) 0.18
 30-day readmis-

sion
9 (15) 6 (12) 0.59

 Reoperation 11 (19) 6 (12) 0.42
 Small bowel 

resection
28 (47) 28 (54) 0.57

 EBL, median 
(range)

25 (0–500) 50 (0–700) 0.62

 ROBF, median 
(range)

6 (0–35) 5 (1–70) 0.38

 LOS, median 
(range)

13 (0–44) 13.5 (0–246) 0.98

Laparoscopic 
(n = 72)

18 54

 30-day mortality 1 (6) 1 (2) 0.44
 30-day readmis-

sion
2 (11) 6 (11) 1.0

 Reoperation 1 (6) 5 (9) 1.0
 Small bowel 

resection
5 (28) 14 (26) 1.0

 EBL, median 
(range)

12.5 (5–750) 10 (0–500) 0.40

 ROBF, median 
(range)

5 (1–12) 5 (1–20) 0.88

 LOS, median 
(range)

8 (2–72) 10 (0–40) 0.87

Table 6   Comparing 
postoperative outcomes among 
surgeons who frequently 
perform operative SBO cases

High volume surgeon is defined at ≥ 10 SBO cases performed in the time period. This group is further 
subdivided in open preferred (< 40% of cases laparoscopic) and laparoscopic preferred (≥ 40% of cases 
laparoscopic)

Open
Preferred (n = 59)

Laparoscopic
Preferred (n = 52)

p-value

n (%) n (%)

Open
 No bowel resection (n = 55) 31 24
  30-day mortality 1 (3) 1 (4) 1.0
  30-day readmission 4 (13) 4 (17) 0.71
  Reoperation 1 (3) 3 (13) 0.31

 Bowel resection (n = 56) 28 28
  30-day mortality 0 (0) 3 (11) 0.23
  30-day readmission 5 (17) 2 (7) 0.42
  Reoperation 10 (36) 3 (11) 0.06
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a laparoscopic approach on patient baseline characteristics 
alone. While there were no detectable statistically significant 
differences in postoperative median mortality, reoperation, 
and readmission between open preferred and laparoscopic 
preferred due to an underpowered sample, it is important 
to note the clinical differences in outcomes. In fact, there 
was a 30-day mortality rate of 0% in laparoscopic preferred 
when resecting bowel laparoscopically, which suggests 
improved clinical outcomes with this approach in the hands 
of experienced surgeons. However, surgeons in the laparo-
scopic preferred group showed a higher mortality (1% vs 
0%), reoperation (4% vs 0%), and re-admission (5% vs 0%) 
when no bowel resection was performed; however, this dis-
crepancy can be explained by patient selection. Open pre-
ferred surgeons may select the classic “healthier” patient for 
laparoscopy, whereas the laparoscopic preferred surgeons 
may have a lower threshold to utilize laparoscopy in more 
difficult cases or patients with more comorbidities leading 
to more frequent adverse postoperative outcomes. After 
performing analysis on high volume surgeons, the groups 
were notably underpowered. Because of this small sample 
size, the p-values were not able to be indicate statistical sig-
nificance. However, there are important differences in the 
absolute values that serve clinical importance such a low 
mortality rate, reoperation, and readmission rates. The post-
operative data from this analysis, including 30-day mortality, 
readmission, and reoperation between the laparoscopic pre-
ferred and open preferred groups and can serve as hypothesis 
generating data.

Previous studies that have illustrated safety with laparo-
scopic exploration in management of adhesive small bowel 
obstruction suggest a bias toward healthier patients. Sebas-
tian-Valverde et al. [14] suggests that patients selected for 
laparoscopy were younger and had fewer co-morbidities. In 

a block randomized study by Sallinen et al. [19], the authors 
showed favorable outcomes when using laparoscopy for 
adhesiolysis including shorter length of stay and fewer post-
operative complications. However, this study utilized high 
selective inclusion criteria, including only patients with high 
likelihood of single band SBO. In our study, surgeons who 
were above average users of laparoscopy for management of 
small bowel obstruction showed no difference patient selec-
tion including age, BMI, Charlson score, and concerning CT 
findings. Thus, surgeons involved in this study do not exhibit 
the same selection bias as seen in other studies. The above 
average laparoscopic users had notably improved clinical 
outcomes when utilizing laparoscopy over an open approach 
with zero mortalities and one readmission when stratifying 
for bowel resection. This group of laparoscopic preferred 
users demonstrate improved outcomes in a comparable 
patient population compared the remainder of the cohort. 
This suggests that surgeons that utilize a greater volume of 
laparoscopic cases generate superior outcomes compared 
to open in small obstruction operations when performing 
bowel resection.

While most prior studies that support laparoscopy for 
management of adhesive small bowel obstruction focus 
on complication rate, most also illustrate shorter return of 
bowel function with this surgical modality [6, 10, 15, 20]. 
In a large retrospective study utilizing National Surgical 
Quality Improvement Program (NSQIP) outcomes data by 
Kelly et al. [10], the authors found a postoperative length of 
stay of 4.7 days in the laparoscopic group vs 9.9 days in the 
open group. A similar study performed in a single center 
by Byrne et al. [6] also illustrated decreased median length 
of stay in their laparoscopic group at 5 days vs. 7 days. Our 
study found a median overall length of stay in the laparo-
scopic group to be 8 days vs. 13 days in the open group, 
showing a similarly significant difference. In the Byrne et al. 
(2015) study [6], they also investigated the time to return 
of bowel function, showing a median return in 3.0 days in 
those undergoing laparoscopy vs 3.9 days for open surgery. 
This study also illustrates a 33% decrease in length of stay 
in laparoscopy vs open (4 days vs 6 days). While Byrne 
et al. showed a shorter time to return of bowel function with 
laparoscopy, it was defined as documented return of flatus, 
whereas this study defined it as initiating a regular diet. 
Thus, initiation of a regular diet may be slightly longer by 
1–2 days after passing flatus based on clinical practice as 
some clinicians chose to start a liquid diet prior to starting 
patients on a full diet.

For SBO cases involving bowel resection, this study 
also shows that laparoscopy has shorter length of stay, 
mortality, readmission, and reoperation. Bowel resection 
is more commonly performed during an open procedure 
compared to laparoscopic [8]. Bowel resection has been 
described as technically difficult in laparoscopy due to 

Table 7   Postoperative outcomes for high volume surgeons, compar-
ing open preferred and laparoscopic preferred surgeons when control-
ling for bowel resection

Open Preferred
(n = 18)

Laparo-
scopic 
Preferred
(n = 54)

p-value

Laparoscopic
 No bowel resection 

(n = 43)
13 40

  30-day mortality 0 (0) 1 (3) 1.0
  30-day readmission 0 (0) 5 (13) 0.31
  Reoperation 0 (0) 4 (10) 0.56

 Bowel resection (n = 19) 5 14
  30-day mortality 1 (20) 0 (0) 0.26
  30-day readmission 2 (40) 1 (7) 0.15
  Reoperation 1 (20) 1 (7) 0.46
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difficult visualization and difficulty handling bowel [14]; 
thus, surgeons choose an open operation. However, our 
data shows fewer mortalities (2% vs 7%), readmissions 
(3% vs 11%), and reoperations (3% vs 22%) with a laparo-
scopic approach. Even when laparoscopic cases are con-
verted to open, our data shows there is a shorter return 
of bowel function and lower mortality, reoperation, and 
readmission compared to open. In fact, our data suggest 
that bowel resection may be an important factor to convert 
laparoscopic cases to a laparotomy as 51% of cases of 
conversion involved a bowel resection. These more “tech-
nically difficult” cases still show a greater outcome and 
safety profile with an initial laparoscopic as compared to 
open surgery.

While this study corroborates emerging data that favors 
the use of laparoscopy in the surgical management of 
small bowel obstruction [6, 10, 14], it is important to rec-
ognize its limitations. This was a single center, retrospec-
tive study with a limited number of cases obtained by bill-
ing codes. The cohort was underpowered and was unable 
to detect statistically significance in key data points such 
as mortality despite having notably fewer cases. Similarly, 
we attempted to address selection bias toward open sur-
gery by stratifying our data for above average laparoscopy 
users. However, this group was relatively small and too 
underpowered to detect a statistically significant difference 
regarding the primary outcome. Additionally, the retro-
spective nature of the study is limited by data reporting 
including underreporting of postoperative complications 
such as surgical site infection or morbidities that presented 
to another hospital.

Despite these limitations, this study highlights the 
safety and efficacy of laparoscopic adhesiolysis and bowel 
resection in the management of small bowel obstruction. It 
also illustrates the significantly shorter length of stay asso-
ciated with a laparoscopic approach. The cost implications 
of these results should be studied in the future to address 
the concern of increased operating room cost associated 
with laparoscopic surgery [12], which may be mitigated 
by decreased overall hospital costs by shortening length of 
stay. We plan on using our data from this study to perform 
a cost analysis to determine the impact of laparoscopy on 
hospital expenses. We also plan performing an analysis of 
outcomes based on surgeon experience by stratifying years 
of experience into quartiles.

Declarations 

Disclosures  Ryan L. Chin, Diego L. Lima, Xavier Pereira, Gustavo 
Romero-Velez, Patricia Friedmann, Gbalekan Dawodu, Katie Sterbenz, 
Jaclyn Yamada, Prashanth Sreeramoju, Vance Smith, and Flavio Mal-
cher have no conflicts of interest or financial ties to disclose.

References

	 1.	 Scott JW, Olufajo OA, Brat GA, Rose JA, Zogg CK, Haider 
AH, Salim A, Havens JM (2016) Use of national burden to 
define operative emergency general surgery. JAMA Surg 
151(6):e160480

	 2.	 Catena F, DeSimone B, Coccolini F, DiSaverio S, Sartelli M, 
Ansaloni L (2019) Bowel obstruction: a narrative review for all 
physicians. World J Emerg Surg 14:20

	 3.	 Jafari MD, Jafari F, Foe-Paker JE, Phelan MJ, Carmichael JC, 
Pigazzi A, Mills S, Stamos MJ (2015) Adhesive small bowel 
obstruction in the United States: has laparoscopy made an 
impact? Am Surg. 81(10):1028–1033

	 4.	 Miller G, Boman J, Shrier I, Gordon PH (2000) Etiology of 
small bowel obstruction. Am J Surg 180:33–36

	 5.	 Schraufnagel D, Rajaee S, Millham FH (2012) How many sun-
sets? Timing of surgery in adhesive small bowel obstruction: a 
study of the nationwide inpatient sample. J Trauma Acute Care 
Surg 74(1):181–189

	 6.	 Mazzetti CH, Serinaldi F, Lebrun E, Lemaitre J (2018) Early 
laparoscopic adhesiolysis for small bowel obstruction: retro-
spective study of main advantages. Surg Endos 32(6):2781–92

	 7.	 Bower KL, Lollar DI, Williams SL, Adkins FC, Luyimbazi DT, 
Bower CE (2018) Small bowel obstruction. Surg Clin N Am 
98:945–971

	 8.	 ten Broek RPG, Krielen P, Saverio SD, Coccolini F, Biffl WL, 
Ansaloni L, Velmahos GC, Sartelli M, Fraga GP, Kelly MD, 
Moore FA, Peitzman AB, Leppaniemi A, Moore EE, Jeekel J, 
Kulger Y, Sugrue M, Balogh ZJ, Bendinell C, Civil I, Coimbra 
R, DeMoya M, Ferrada P, Inaba K, Ivatury R, Latifi R, Kashuk 
JL, Kirkpatrick AW, Maier R, Rizoli S, Sakakushev B, Scalea 
T, Soreide K, Weber D, Wani I, Abu-Zidan FM, De’Angelis N, 
Piscioneri F, Galante JM, Catena F, van Goor H (2018) Bolo-
gna guidelines for diagnosis and management of adhesive small 
bowel obstruction: 2017 update from evidence based guidelines 
from the world society of emergency surgery ASBO working 
group. World J Emerg Surg 13(24):110115

	 9.	 Bastug DF, Trammell SW, Boland JP, Mantz EP, Tiley EH 
(1991) Laparoscopic adhesiolysis for small bowel obstruction. 
Surg Laparosc Endosc 1(4):259–262

	10.	 Byrne J, Saleh F, Ambrosini L, Quereshy F, Jackson TD, 
Okrainec A (2015) Laparoscopic versus open surgical man-
agement of adhesive small bowel obstruction: a comparison of 
outcomes. Surg Endosc 29:2525–2532

	11.	 Catena F, DiSaverio S, Coccolini F, Ansaloni L, DeSimone B, 
Sartelli M, VanGoor H (2016) Adhesive small bowel adhesions 
management: Evolutions in diagnosis, management, and preven-
tion. World J Gastrointest Surg 8(3):222–231

	12.	 Lombardo S, Baum K, Filho JD, Nirula R (2013) Should adhe-
sive small bowel obstruction be managed laparoscopically? A 
National Surgical Quality Improvement Program propensity 
analysis. J Trauma Acute Care Surg 76(3):696–703

	13.	 Behman R, Nathens AB, Byrne JP, Mason S, Hong NL, Karani-
colas PJ (2017) Laparoscopic surgery for adhesive small bowel 
obstruction is associated with higher risk of bowel injury. Ann 
Surg 266(3):489–498

	14.	 Sebastian-Valdverde E, Poves I, Membrilla-Fernandez E, Pons-
Fragero MJ, Grande L (2019) The role of the laparoscopic 
approach in the surgical management of acute adhesive small 
bowel obstruction. BMC Surg 19:40

	15.	 Kelly KN, Iannuzzi JC, Rickles AS, Garimella V, Monson JRT, 
Fleming FJ (2014) Laparotomy for small bowel obstruction: first 
choice or last resort for adhesiolysis? A laparoscopic approach 
for small bowel obstruction reduces 30-day complication rate. 
Surg Endosc 28:65–73



1383Surgical Endoscopy (2023) 37:1376–1383	

1 3

	16.	 Li MZ, Lian L, Xiao LB, Wu WH, He YL, Song SM (2012) Lapa-
roscopic versus open adhesiolysis in patients with adhesive small 
bowel obstruction: a systematic review and meta-analysis. Am J 
Surg 204:779–786

	17.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383

	18.	 Wiggins T, Markar SR, Harris A (2015) Laparoscopic adhesi-
olysis for acute small bowel obstruction: systematic review and 
pooled analysis. Surg Endosc 29:3432–3442

	19.	 Sallinen V, DiSaverio S, Haukijarvi E, Juusel R, Koivukangas 
V, Catena F, Enholm B, Birindelli A, Leppaniemi A, Mentula P 

(2019) Laparoscopic versus open adhesiolysis for adhesive small 
bowel obstruction (LASSO): an international, multicentre, rand-
omized, open-label trial. Lancet Gastroenterol Hepatol 4:278–286

	20.	 Wullstein C, Gross E (2003) Laparoscopic compared with con-
ventional treatment of acute adhesive small bowel obstruction. Br 
J Surg 90:1147–1151

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


	Assessing outcomes in laparoscopic vs open surgical management of adhesive small bowel obstruction
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study design
	Data collection
	Statistical analysis

	Results
	Discussion
	References




