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Background: The accurate diagnosis of adhesive small bowel obstruction (ASBO) is challenging for 
surgeons. The aim of this study was to demonstrate that pneumoperitoneum 3-dimensional volume 
rendering (3DVR) can provide an accurate diagnosis and has applicability in ASBO.
Methods: In this retrospective study, patients who underwent preoperative pneumoperitoneum 3DVR and 
surgery for ASBO between October 2021 and May 2022 were enrolled. The surgical findings were taken as 
the gold standard, and the kappa test was used to verify the consistency of the pneumoperitoneum 3DVR 
results and surgical findings.
Results: A total of 22 patients with ASBO were included in this study, 27 sites of obstruction adhesions 
were found during surgery, and 5 patients had both parietal adhesions and interintestinal adhesions. Sixteen 
parietal adhesions (16/16) were found using pneumoperitoneum 3DVR (κ=1.00; P<0.001), and the diagnosis 
of parietal adhesions on pneumoperitoneum 3DVR was perfectly consistent with the surgical findings. Eight 
(8/11) interintestinal adhesions were found using pneumoperitoneum 3DVR (κ=0.727; P<0.001), and the 
diagnosis of interintestinal adhesions on pneumoperitoneum 3DVR was substantially consistent with the 
surgical findings.
Conclusions: The novel pneumoperitoneum 3DVR is accurate and applicable in ASBO. It can help 
personalize the treatment of patients and can be useful in planning a more effective surgical approach.
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Introduction

Small bowel obstruction (SBO) refers to the partial or 
complete blockage of the small intestine; it is a common 
surgical condition, and 20% of all emergency surgical 
procedures are SBO (1-3). Abdominal adhesions are 
the most common reason for SBO, accounting for 
approximately 60–75% of all cases (1,3). Approximately 80–
91% of all patients with adhesive small bowel obstruction 
(ASBO) have previously undergone abdominal surgery (4,5).

Approximately 70% of patients with ASBO can be 
relieved by nonsurgical treatment (1,3,4). The Bologna 
guidelines recommend nonsurgical treatment in the absence 
of strangulation signs (6). However, the disadvantage of 
nonsurgical treatment is that pathogenic adhesions are 
not removed, and recurrence often increases the suffering 
of patients. Surgical treatment to release adhesions is one 
way to relieve the cause of the obstruction, but common 
complications include postoperative readhesion obstruction 
and iatrogenic bowel lesions, which may aggravate the 
problem.

ASBO cases are classified into two types according to the 
site of the obstruction adhesion: parietal adhesions (between 
the abdominal wall and bowel) and interintestinal adhesions 
(between bowel or mesentery structure and bowel) (7,8). 
The number of adhesion sites is typically divided into 
single adhesions and multiple adhesions (6-8). The type 
of ASBO is still closely related to the postoperative course 
of disease and the long-term efficacy and success of 
laparoscopic surgery. Surgical treatment has a better effect 
in treating single adhesions (1,7,9). Therefore, improving 
the diagnostic accuracy of adhesions that cause SBO, and 
screening suitable patients for surgery will reduce the risk 
of surgical uncertainty and optimize the effect of surgical 
treatment.

At present, the diagnosis of ASBO is mainly based on 
abdominal X-ray and computerized tomography (CT)  
(9-12). When evaluating patients suspected of having 
ASBO, radiologists play a crucial role and should address 
the issues that will arise during emergency diagnostic 
imaging. However, adhesive bands are not typically visible 
on CT imaging, and it is still difficult to diagnose the 
degree and amount of adhesions with medical imaging  
(6,9-13). Surgeons typically use personal experience and 
imaging to obtain a presumptive diagnosis. A definite 
diagnosis must be made using laparoscopy or laparotomy. 
Obtaining a diagnosis of adhesion in the clinical setting 
with high precision is currently difficult. 

Three-dimensional volume rendering (3DVR) is a very 
mature imaging technology and is widely used in vascular 
and skeletal reconstruction (14-16). However, the density 
of gastrointestinal tissue is similar to that of abdominal soft 
tissue. These tissues lack a contrast interface and thus 3D 
reconstruction cannot be achieved. Pneumoperitoneum is 
established by injecting gas through abdominal puncture, 
and the density difference between the gas and soft-tissue 
interface is then used to reconstruct 3D CT (17). However, 
3DVR is very challenging and has only been used in a few 
studies for parietal adhesions.

Therefore, this study aimed to demonstrate the use 
of pneumoperitoneum 3DVR to obtain an accurate 
diagnosis and to determine the applicability 3DVR in 
diagnosing interintestinal and parietal adhesions in ASBO. 
We present the following article in accordance with the 
STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-1096/rc).

Methods

Study design and population

This retrospective study enrolled patients with ASBO in 
the Department of Emergency Surgery of Fujian Medical 
University Union Hospital between October 2021 and May 
2022. All patients provided written informed consent prior 
to the pneumoperitoneum procedure. The study protocol 
was approved by the Ethics Committee of Fujian Medical 
University Union Hospital (No. 2022KY154) and was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

The diagnosis of ASBO was based on clinical and 
radiological findings. The patients underwent CT 
examination before admission. Enrolled patients were 
subjected to the following inclusion criteria: (I) visualization 
with pneumoperitoneum 3DVR and (II) treatment with 
surgery. Patients who underwent nonsurgical treatment 
(n=2) and had poor 3DVR image quality (n=1) were 
excluded. Ultimately, a total of 22 patients were included in 
the analysis (Figure 1).

Pneumoperitoneum procedure 

The surgeon selected a point away from the abdominal 
incision for pneumoperitoneum puncture and then 
administered local anesthesia. The surgeon and his assistant 
lifted the abdominal wall and punctured point with an 

https://qims.amegroups.com/article/view/10.21037/qims-22-1096/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-1096/rc
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Patients with pneumoperitoneum 3DVR for 
ASBO (n=25)

Exclusion (n=3):
No surgery (n=2)
Poor image quality (n=1)

 Patients with 
CT for ASBO 

Confirmed by surgery (n=22)

Sites of obstruction adhesion (n=27) 

 Parietal adhesions
 (n=11)

Both interintestinal adhesions
 and parietal adhesions (n=5) 

 Parietal adhesions
 (n=16)

Interintestinal adhesions
 (n=11)

Interintestinal adhesions
 (n=6)

Figure 1 Patient inclusion flowchart. CT, computerized tomography; ASBO, adhesive small bowel obstruction; 3DVR, 3-dimensionalvolume 
rendering.

18G needle (Becton Dickinson Infusion Therapy Systems, 
Inc., Sandy, UT, USA). When the needle entered the 
peritoneal cavity, the metal needle core was withdrawn, the 
trocar was retained in the peritoneal cavity, and the trocar 
was connected to a 5-mL syringe of saline. Entrance to 
the peritoneal cavity was considered successful when the 
saline level decreased, after which sterile carbon dioxide 
was injected into the peritoneal cavity. The initial gas 
injection was slow and was accelerated after a successful 
pneumoperitoneum was confirmed. With a gradually 
enlarging abdomen, the patients exhibited different degrees 
of abdominal distension. The intra-abdominal pressure was 
usually 7–8 mmHg, depending on the patient’s tolerance, 
and was measured with a micromanometer. Generally, 
approximately 2,000–3,000 mL of gas was injected over 
30 minutes. The gas was removed after the CT scan was 
completed.

CT scans and reconstruction

The patient underwent a  CT examination in the 
radiology department after successful pneumoperitoneum 
establishment. The abdomen was scanned using a 256-slice 
spiral revolution CT machine (GE Healthcare, Chicago, 

IL, USA) with a slice thickness of 1.25 mm, a pitch of 1.375, 
a voltage of 120 kV, a current of 35 mA, and a speed of  
0.28 s/r. The scanning range was from the top of the 
diaphragm to the upper edge of the pubic symphysis. 
The imaging data gathered from the abdominal CT 
scan were used to reconstruct the 3DVR images of the 
peritoneal cavity using the volume rendering technique 
with the use of computer-assisted design software (GE 
Advantage Workstation AW 4.7, GE Healthcare). All 
pneumoperitoneum CT scans were reconstructed and 
evaluated by 2 senior radiologists (radiologist Zhiyong 
Chen with 12 years of experience in abdominal radiology 
and radiologist Enshuang Zheng with 8 years of experience 
in general radiology). A 3DVR image was used to show the 
best angle to view the adhesions (Figures 2-6).

ASBO treatment

For patients with ASBO and signs of radiological evidence 
of strangulation or peritonitis, emergency surgery 
was mandatory. Conversely, nonsurgical treatment 
was performed in the absence of strangulation signs. 
If abdominal dilatation or nausea was observed at the 
time of admission, a nasogastric tube was inserted or a 
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Figure 2 A 55-year-old man presented with a 20-year history of recurrent ASBO and a history of previous appendectomy. (A) 
Pneumoperitoneum CT scan showed a parietal adhesion (white arrow); (B,C) axial and coronal pneumoperitoneum 3DVR images showed 
a parietal adhesion (white arrow); (D) laparoscopic findings showed a parietal adhesion (white arrow). ASBO, adhesive small bowel 
obstruction; CT, computed tomography; 3DVR, 3-dimensional volume rendering.

Figure 3 A 41-year-old man presented with a 16-year history of recurrent ASBO and a history of previous small intestinal surgery. (A,B) 
Axial and sagittal pneumoperitoneum 3DVR images showed a parietal adhesion (white arrow); (C) operation showing a planning and design 
of a laparoscopic trocar; (D) laparoscopic findings showed a parietal adhesion (white arrow). ASBO, adhesive small bowel obstruction; 
3DVR, 3-dimensional volume rendering.
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Figure 4 A 68-year-old woman presented with a 5-year history of recurrent ASBO and a history of previous gynecological surgery. (A) 
Pneumoperitoneum CT scan showed no parietal adhesion; (B) coronal pneumoperitoneum 3DVR images showed an obstruction point 
(circle); (C) coronal pneumoperitoneum 3DVR images showed an interintestinal adhesion (white arrow); (D) surgical findings showed an 
interintestinal adhesion (white arrow). ASBO, adhesive small bowel obstruction; CT, computed tomography; 3DVR, 3-dimensional volume 
rendering.

nasointestinal tube decompression was performed. After the 
bowel obstruction was relieved, the surgeon determined the 
need for semi-emergency surgery based on the type of the 
patient’s adhesions and the patient’s consent. The surgeon 
chose the appropriate surgical approach according to the 
patient’s 3DVR results and performed the operation with 
the patient under general anesthesia.

Data collection

Patient data including sex, age, history of previous 
surgery, nasogastric or nasointestinal tube decompression, 
pneumoperitoneum 3DVR results, surgical findings, 
pneumoperitoneum complications, and recurrent bowel 
obstruction were collected. The surgical findings were taken 
as the gold standard and compared with the diagnostic 

results of pneumoperitoneum 3DVR.

Statistical analysis

The normality of the data distribution was evaluated using 
the Shapiro-Wilk test. Normally distributed data are 
presented as mean ± SD. Data with a skewed distribution 
are described using medians and quartiles [M (P25, P75)]. 
Categorical data are presented as numbers and percentages, 
and the consistency of the pneumoperitoneum 3DVR 
diagnostic results and surgical findings was evaluated 
with a kappa test. Kappa 0.8–1.0 indicated almost 
perfect consistency, 0.6–0.8 substantial consistency, and  
0.4–0.6 moderate consistency. Statistical significance was 
defined as a P value <0.05. We performed all analyses using 
SPSS 25.0 software (IBM Corp., Armonk, NY, USA).
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Figure 5 A 58-year-old woman presented with a 1-month history of recurrent ASBO and a history of previous colorectal surgery. 
Pneumoperitoneum 3DVR showed along parietal adhesion and an interintestinal adhesion. The surgical findings were consistent with 
the 3DVR findings. An appropriate surgical incision was planned, and the interintestinal adhesion was removed by open surgery. (A) A 
Pneumoperitoneum CT scan showed the planning and design of the incision location (yellow line); (B) coronal pneumoperitoneum 3DVR 
images showed a long parietal adhesion (circle), and an interintestinal adhesion was suspected (white arrow); (C) coronal pneumoperitoneum 
3DVR images showed an interintestinal adhesion (white arrow); (D) surgical findings showed an interintestinal adhesion (white arrow). 
ASBO, adhesive small bowel obstruction; 3DVR, 3-dimensional volume rendering; CT, computed tomography.

Results

Clinical characteristics 

A total of 22 patients were included in this study (Figure 1).  
The patients had a mean age of 52.82±11.63 years, and 
12 (54.5%) were female. All patients had a history of 
previous surgery, 18 patients underwent nasogastric tube 
decompression, and 1 patient underwent nasointestinal 
tube decompression. The patient clinical features are 
summarized in Table 1. 

Comparison of 3DVR results and surgical findings

Pneumoperitoneum 3DVR results and surgical findings 
of the patients are shown in Table2. In total, 27 sites of 
obstruction adhesions were found during surgery, and 5 of 

the patients had both parietal adhesions and interintestinal 
adhesions. Sixteen parietal adhesions (16/16) were found 
using pneumoperitoneum 3DVR (κ=1.00; P<0.001), and 
the diagnosis of parietal adhesions on pneumoperitoneum 
3DVR was perfectly consistent with the surgical findings. 
Eight (8/11) interintestinal adhesions were found using 
pneumoperitoneum 3DVR (κ=0.727; P<0.001), and the 
diagnosis of interintestinal adhesions on pneumoperitoneum 
3DVR was substantially consistent with the surgical 
findings. Therefore, pneumoperitoneum 3DVR could 
objectively display adhesion morphology and provide high-
quality objective clinical evidence (Figures 2-6).

Outcomes of pneumoperitoneum

The pneumoperitoneum procedures were technically 
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Figure 6 A 27-year-old woman presented with a 10-year history of recurrent ASBO and a history of previous intussusception surgery. 
Pneumoperitoneum 3DVR showed a parietal adhesion without an interintestinal adhesion. However, interintestinal adhesion was found 
during surgery, and the adhesions were removed by open surgery. (A) A pneumoperitoneum CT scan showed a parietal adhesion (circle); (B) 
axial pneumoperitoneum 3DVR images showed a parietal adhesion (circle); (C) coronal pneumoperitoneum 3DVR images showed a parietal 
adhesion (circle) and a suspicious interintestinal adhesion (white arrow). (D) surgical findings showed an interintestinal adhesion (white 
arrow). ASBO, adhesive small bowel obstruction; 3DVR, 3-dimensional volume rendering; CT, computed tomography. 

successful in all 22 patients. No intestinal injuries or 
hematomas occurred. The incidence of subcutaneous 
emphysema was 4.5% (1/22), and none of the patients who 
developed subcutaneous emphysema required intervention 
(Table 2).

Outcomes of surgery

Sixteen patients underwent laparoscopic surgery, and six 
patients underwent open surgery. All patients showed 
significant relief of their bowel obstruction after surgery. 
One patient (4.5%) was readmitted for recurrences within 
the study period among the 22 patients undergoing ASBO 
surgery (Table 2).

Discussion

In this study, 3DVR based on pneumoperitoneum was 
technically successful in all 22 patients, and parietal 

Table 1 Patient clinical features

Variable Patients (n=22)

Sex

Male 10 (45.5%)

Female 12 (54.5%)

Age (years), mean ± SD 52.82±11.63

History of previous surgery 22 (100%)

Previous surgical approach

Open 18 (81.8%)

Laparoscopic 4 (18.2%)

Nasogastric tube decompression 18 (81.8%)

Nasointestinal tube decompression 1 (4.5%)

SD, standard deviation.
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adhesions and interintestinal adhesions were clearly 
displayed using 3DVR. 3DVR can provide adequate 
preoperative evaluation and allow the development of an 
efficient surgical plan. All patients showed significant relief 
of their bowel obstruction after surgery. Therefore, this 
study demonstrated that the accuracy and applicability of 
novel 3DVR are feasible for ASBO. 

T h e  d i a g n o s i s  o f  A S B O  i s  b a s e d  o n  c l i n i c a l 
manifestations, previous patient history, and CT features 
(1,5,6). The radiologist is able to determine the site, level, 
and cause of bowel obstruction from CT images (9-12). 
However, the adhesion is generally not identifiable on CT 
scans. In previous studies, several CT features predictive of 
adhesive bands in the transition zone have been described, 
such as a closed loop, the beak sign, the fat notch sign, the 
whirl sign, and the feces sign (9,12,18). In addition, coronal 
and sagittal multiplanar CT images have proven helpful in 
detecting signs of features in the transition zone (11,12,18). 
However, in the majority of emergency patients, typical CT 
features in the presumptive diagnosis of adhesions as the 
cause of SBO are lacking. Therefore, it is very difficult for 
radiologists to diagnose the degree and amount of adhesions 
with medical imaging.

Pneumoperitoneum puncture is a critical first step in this 
procedure. Previous studies have reported the feasibility 
of pneumoperitoneum puncture for patients, and clinical 
experience shows that pneumoperitoneum puncture is a 
low-risk procedure (17,19,20). According to Wang et al. (17), 

6.6% of the 331 patients assessed developed complications 
of subcutaneous emphysema, and 24 patients in the study by 
Palmer et al. (20) experienced no immediate major adverse 
events. Compared with the procedure of establishing 
pneumoperitoneum by laparoscopy, we used a slim-
diameter needle to inject gas, which significantly reduced 
the probability of developing a puncture injury to internal 
organs (21). Pneumoperitoneum puncture is suitable 
for patients with remission or partial remission of bowel 
obstruction, when the patient’s abdominal wall is loose and 
can expand easily and when the patient’s cardiopulmonary 
function is basically normal. For obese patients or patients 
with multiple operations for diffuse adhesions, the dynamic 
observation of free gas under the diaphragm can be used 
to determine if pneumoperitoneum has been successfully 
obtained, which can improve the success rate of puncture 
(17,20). For patients with extensive intraperitoneal intestinal 
dilatation or a strangulated intestinal obstruction, it is not 
easy to establish a satisfactory pneumoperitoneal space. 
Moreover, the probability of an intestinal puncture injury 
is increased, and, therefore, this technique is not suitable 
for pneumoperitoneum puncture. Before this technology 
is applied, the patient’s indications should be carefully 
considered, and the surgeon must have good surgical skills.

Pneumoperitoneum 3DVR can accurately display 
the site, scope, structural composition, and shape of 
adhesions causing ASBO. Since the abdominal wall is 
separated from the abdominal organs during the state of 
pneumoperitoneum, the parietal adhesions can be accurately 
displayed (Figures 2,3). In our study, the diagnostic accuracy 
of parietal adhesions was 100%, which is consistent with 
the reported accuracy of pneumoperitoneum CT diagnosis, 
which was 95.46% in a previous study (17). However, no 
previous study has reported the diagnosis of interintestinal 
adhesions with the assistance of pneumoperitoneum 
3DVR. Interintestinal adhesions are sometimes not 
clearly displayed, and different filter values need to be 
used to better visualize interintestinal adhesions in three 
dimensions (Figure 4). In this study, 3 cases of interintestinal 
adhesions were not clearly displayed with 3DVR, and 
after the intraoperative confirmation of interintestinal 
matted adhesions, it was noted that these adhesions were 
too thin and difficult to capture using 3DVR (Figure 6). 
Future application of cinematic rendering technology 
can generate photorealistic images with the potential to 
depict the anatomic details more accurately, which can 
further improve the diagnostic accuracy of interintestinal  
adhesions (22,23).

Table 2 Patient 3-dimensional volume rendering results and 
surgical findings

Variable Patients (n=22)

Site of obstruction adhesion

Parietal adhesions (3DVR/surgical findings) 16/16 (100.0)

Interintestinal adhesions (3DVR/surgical 
findings)

8/11 (72.7)

Surgical approach

Open 6 (27.3)

Laparoscopic 16 (72.7)

3DVR imaging to operation time (days) 2 [1–3]

Subcutaneous emphysema 1 (4.5)

Recurrent bowel obstruction 1 (4.5) 

Data are shown as n (%) or medians and quartiles. 3DVR, 
3-dimensionalvolume rendering.
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Pneumoperitoneum 3DVR enables the surgeon to 
accurately assess the patient’s intra-abdominal adhesions 
before the operation and can be used for the analysis 
and judgment of the obstruction mechanism to make 
a reasonable surgical plan (24,25). The surgeon can 
correctly select the position of the first trocar for the 
placement of the laparoscope, which is one of the key steps 
in laparoscopic surgery (Figure 3C). Pneumoperitoneum 
3DVR can predict the difficulty of laparoscopic surgery, 
which can be conducive to timely conversion to laparotomy 
during surgery to avoid serious complications.  If 
pneumoperitoneum 3DVR indicates extensive and dense 
parietal adhesions or clumps of interintestinal adhesions that 
can easily cause iatrogenic intestinal rupture, laparoscopic 
surgery is not suitable (Figure 5). For the patient, 3DVR 
allows the surgeon to easily obtain an understanding of 
any complex anatomy, the expected outlook of the surgical 
effect, and the specific and objective risk measurement (25).  
For medical students, 3DVR provides a visualized 
educational tool for ASBO.

At present, 3D printing is another means of performing 
good preoperative surgical planning (24,26). This method 
allows surgeons to understand individual anatomical features 
and customize the 3D printing of different materials for 
the patients (27). However, most of the prototypes could 
not achieve a good simulation due to limitations of the 
materials (26). Compared with 3D printing, 3DVR is 
readily available, less expensive, and less time-consuming. 
In addition, 3DVR can be integrated in holographic 
navigation surgery, in which the patient’s anatomy appears 
on the screen as a holographic 3D image, allowing the 
surgeon to then visualize the patient’s anatomy from 
multiple angles (28,29). 3DVR intraoperative navigation is a 
safe and effective adjunct to surgical procedures. The future 
of pneumoperitoneum 3DVR intraoperative navigation in 
ASBO surgery is worth exploring further.

In this study, local anesthesia was administered, gas was 
injected through a slim-diameter needle, and the abdominal 
wall and intestinal loops were separated. Consequently, this 
provided sufficient space and density contrast for 3DVR and 
therefore increased the accuracy for adhesions and reduced 
the number of surgical complications. In the current study, 
3DVR allowed for an accurate diagnosis, and no major 
complications occurred during the pneumoperitoneum 
procedure. In addition, the 3D reconstruction algorithm is 
relatively easy to establish, has the potential to reduce the 
overreliance on personal experience, and can promote the 
popularity of pneumoperitoneum 3DVR.

The study has some limitations. First, there was no 
control group for comparison. Second, there was a lack 
of a standardized grading system for adhesions. Third, 
the number of patients included in this study was not 
sufficiently high, and thus more patients need to be included 
in future studies.

Conclusions

The novel pneumoperitoneum 3DVR helped visualize the 
type of adhesions and is accurate and applicable in ASBO. 
This can help personalize the treatment of patients and can 
be useful in planning a more effective surgical path.
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