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Study Design: Retrospective review of prospectively collected cases.
Purpose: To report bowel injury cases and determine the incidence and risk factors of insidious pneumoperitoneum after lateral lum-
bar interbody fusion (LLIF).
Overview of Literature: Minimally invasive LLIF is considered a safe surgical approach with a low risk of complications. Visceral 
injury after LLIF is rare and, to our knowledge, no studies on pneumoperitoneum after LLIF have been performed. Bowel injury is a 
catastrophic complication, but the clinical signs may not be apparent. After we encountered two cases of bowel injury after LLIF, we 
decided to perform computed tomography of the abdomen and pelvis (APCT) after surgery for all patients who underwent LLIF.
Methods: A total of 90 patients underwent APCT within 48 hours of surgery. Medical records were reviewed to determine each 
patient’s age, sex, body mass index, medical and surgical histories, characteristics of LLIF procedures, and subjective symptoms and 
abnormal findings in the physical examination related to acute abdomen after surgery. Various parameters were compared between 
patients with and without pneumoperitoneum.
Results: Bowel injuries were identified in the first two patients and five patients (5.5%) were diagnosed with pneumoperitoneum 
only on APCT. We found that the greater the number of fused segments, the higher the incidence of postoperative bowel injury and/or 
pneumoperitoneum. The incidence was significantly high when the L2–3 level was included in the LLIF surgery.
Conclusions: Pneumoperitoneum after LLIF indicates damage to the peritoneum and the presence of bowel injury that may lead to 
peritonitis. However, it is difficult to distinguish pneumoperitoneum and/or bowel injury from general abdominal pain after surgery 
because patients may present with a wide range of symptoms. We recommend that APCT be routinely performed after LLIF surgery in 
order to promptly identify pneumoperitoneum and bowel injury.
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Introduction

Lateral lumbar interbody fusion (LLIF) has been a popu-

lar modality for the treatment of degenerative disorders 
and deformities. It is a modification of the conventional 
retroperitoneal approach to the lumbar spine and is usual-
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ly performed in a minimally invasive fashion to overcome 
drawbacks of traditional approaches [1-3]. Minimally 
invasive LLIF has the advantages of a small skin inci-
sion, rapid recovery, and direct access to the disk space 
without peritoneal or paraspinal muscular injury. Wider 
and higher cages can be placed onto the strong peripheral 
cortical bone with the LLIF technique than with the pos-
terior approach, minimizing the risk of cage subsidence, 
especially in elderly patients with osteoporotic spine, and 
maximizing the correction power in deformity correction 
surgeries [4].

Despite its minimally invasive nature, several approach-
related complications have been reported, including neu-
rological injury, psoas muscle weakness, pseudohernia, 
and vascular injury [5]. Although the incidence of bowel 
injuries due to LLIF surgery is minimal, the injuries can 
be fatal in the absence of early diagnosis and treatment [6-
12].

The authors have frequently utilized the LLIF approach 
for the treatment of various spinal conditions. Although 
several reports on bowel injury after the anterior approach 
to the spine have already been published in the literature 
[6-12], owing to the low incidence of such complications, 
we failed to realize the seriousness of this risk until we 
encountered two such cases. Therefore, we decided to per-
form a computed tomography (CT) scan of the abdomen 
and pelvis (APCT) for every patient and analyzed the in-
cidence and risk factors for postoperative pneumoperito-
neum and bowel injury. The purpose of this study was to 
report on bowel injury cases and determine the incidence 
of and risk factors for insidious pneumoperitoneum after 
LLIF.

Materials and Methods

Since we introduced the LLIF technique for treating de-
generative lumbar disorders and deformities in July 2016, 
140 LLIF surgeries were performed at the department of 
orthopaedic surgery of Asan Medical Center until Octo-
ber 2018. Although we encountered various approach- 
and cage-related complications, bowel injury had not been 
observed after surgery until October 2018, when we ob-
served injuries in two patients (cases 1 and 2). Therefore, 
we decided to perform an APCT for every patient who 
underwent LLIF in order to promptly identify insidious 
bowel injury. This is a retrospective review of the APCT 
results of our patients during 1 year.

A total of 90 patients underwent APCT on postopera-
tive day 1. APCT was performed within 48 hours of sur-
gery in all patients except for case 1. The medical records 
of all study participants were reviewed to determine 
age, sex, body mass index (BMI), characteristics of LLIF 
procedures, and medical and surgical histories. Data on 
postoperative conditions were also documented, includ-
ing subjective symptoms and abnormal findings in the 
physical examination related to acute abdomen. APCT 
scans were reviewed by radiologists specializing in ab-
dominal and pelvic disorders. The study was approved 
by the ethical review committee of Asan Medical Center. 
The requirement for informed consent from individual 
patients was omitted because of the retrospective design 
of this study.

Statistical analyses were performed to compare pa-
tients with and without pneumoperitoneum. Continuous 
variables such as age, BMI, operation time, estimated 
blood loss, and cage height were compared using Mann-
Whitney U-test. Categorical variables such as sex, history 
of abdominal/pelvic surgery, direction of approach, and 
operated levels were compared using Fisher’s exact test. 
The numbers of operated segments were compared using 
a linear by linear association test. All statistical analyses 
were performed with IBM SPSS Statistics for Windows 
ver. 21.0 (IBM Corp., Armonk, NY, USA). All p-values 
<0.05 were considered statistically significant.

Results

Among 90 patients who underwent APCT after LLIF 
surgery, bowel injuries were identified in the first two 
patients, and pneumoperitoneum only in five patients 
(5.5%). No obvious visceral injury was observed in the 
APCT scans of the five patients. Of these five patients, one 
patient had no subjective symptoms or abnormal findings 
in the physical exam; the other four patients had mild 
abdominal discomfort without abnormal findings in the 
physical exam.

There were no statistically significant differences in 
the characteristics between patients with and without 
pneumoperitoneum (Table 1). Of the seven patients with 
bowel injury and/or pneumoperitoneum, only one patient 
had a history of abdominal and/or pelvic surgery (case 
1). The right approach was used in one patient and the 
left approach in six patients. All patients except case 2 
underwent fusion at more than three levels (Table 2). We 
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1. Case 1

A 75-year-old female presented with severe lower-back 
pain, left leg pain, and neurogenic claudication that were 
not relieved by long-term conservative treatment. The pa-
tient had degenerative lumbar scoliosis, multilevel spinal 
stenosis, and isthmic spondylolisthesis at L5–S1. Medi-
cal comorbidities included hypertension, diabetes, and 
cerebrovascular disease. She had a history of skin cancer 
resection and hysterectomy. Magnetic resonance imaging 
(MRI) and CT scan of the spine showed no obvious issues 
of concern for a retroperitoneal approach.

Minimally invasive LLIF was performed using poly-
etheretherketone (PEEK) cages to the left side at L2–3–
4–5–S1 for deformity correction and indirect decom-
pression, and posterior pedicle screw fixation and fusion 
were added in 1-day surgery. It was difficult to secure the 
surgical field for L3–4 disc space preparation and cage 
placement due to protruded peritoneum; as a result, the 
L4 endplate was inadvertently injured and the trial instru-
ment tended to move forward (Fig. 1). No definitive evi-
dence of peritoneal and bowel injury was found upon in-
spection during removal of the retractor after completing 
the procedure. On postoperative day 5, fever persisted and 
subcutaneous emphysema developed around the surgical 
site. Although the patient complained of mild abdominal 
discomfort, on physical examination there was no defini-

found that the greater the number of fused segments, the 
higher the incidence of postoperative bowel injury and/or 
pneumoperitoneum (p=0.012). The incidence was signifi-
cantly high when the L2–3 level was included in the LLIF 
surgery (Table 3).

Table 1. Comparison of parameters between patients with no abnormal find-
ings in computed tomography of the abdomen and pelvis (group 1) and patients 
with postoperative pneumoperitoneum and/or bowel injury (group 2)

Characteristic Group 1 Group 2 p-value

Age (yr)   68.8 70.4 0.786

Sex (male/female) 0.603

Male   14 2

Female   69 5

Body mass index (kg/m2)   26.4 26.0 0.381

Surgical history in abdomen/pelvis (%)   18.1 14.3 0.638

Direction of approach 0.444

Right     6 1

Left   77 6

Operation time (min) 326.1 258.3 0.302

Estimated blood loss (mL) 927.5 964.3 0.464

Cage height (mm) 12.6   12.7 0.591

Table 2. Incidence of postoperative bowel injury and/or pneumoperitoneum 
after lateral lumbar interbody fusion according to the number of segments op-
erated

No. of segments Group 1 Group 2 p-value

1 26 0 0.012

2 26 1

3 19 3

4 11 3

5   1 0

Table 3. Incidence of postoperative pneumoperitoneum and/or bowel injury 
after LLIF according to the operated level

Level No. of patientsa) Pneumoperitoneum p-value

L1–2   6 0 0.606

L2–3 36 6 0.037

L3–4 59 7 0.104

L4–5 68 7 0.266

L5–S1 15 3 0.140

The bold type is considered statistically significant.
LLIF, lateral lumbar interbody fusion.
a)Number of patients in whom the corresponding level was included in the LLIF 
surgery.

Fig. 1. (A–D) Intraoperative fluoroscopic images of case 1 during lateral lumbar 
interbody fusion of L3–4.
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tive abnormal sign suggesting bowel injury.
The APCT scan revealed extensive pneumoperitoneum, 

pneumopericardium, pneumomediastinum, and subcu-
taneous emphysema (Fig. 2). Although definitive findings 
suggesting bowel injury were not evident on the CT scan, 
an emergency exploratory laparotomy was performed, 

and a 2×2 cm-sized perforation of the mid-descending 
colon and surrounding peritoneal defect were observed 
(Fig. 3). Part of the descending colon including the per-
foration site was resected and temporary colostomy was 
performed. The colostomy was repaired after 3 months 
and the patient recovered uneventfully without any fur-
ther complications.

2. Case 2

A 78-year-old male patient presented with severe lower-
back pain and right sciatica. Although he had undergone 
posterior lumbar interbody fusion surgery at L4–5 at an-
other hospital 3 weeks previously, the pain and disability 
had progressed to the extent that he could not walk for a 
while. He had no history of prior abdominal and pelvic 
surgery. Radiographs and MRI scans of the lumbar spine 
showed screw loosening and cage subsidence, which ag-
gravated his stenosis. Postoperative infection was also sus-
pected and the level of C-reactive protein in his blood was 
high.

Posterior surgical exploration was immediately per-
formed, but there was no definitive evidence of infection 
in the operative field and no causative organism was iden-
tified. After 2 weeks of empirical antibiotic treatment, new 
cage placement by the LLIF technique and posterior revi-
sion instrumentation were performed. The pre-existing 
loose cage was removed through the same approach. L3–4 
was also included in the fusion level because of substantial 
spinal stenosis. There was no definitive evidence of perito-
neal and bowel injury during the procedure.

On postoperative day 1, the patient was admitted to 
the intensive care unit for neck swelling and dyspnea. 
Although neck CT and APCT scans showed extensive 

Fig. 2. (A–C) Postoperative chest and abdomen computed tomography images 
of case 1.
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B
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Fig. 3. (A) Intraoperative photograph of mid-descending colon perforation dur-
ing explorative laparotomy in case 1. (B) Intraoperative photograph of sigmoid 
colon perforation during explorative laparotomy in case 2. Segmentral R&A, 
segmental resection and anastomosis.

Proximal

Distal

Pinpoint perforation

Segmental R&A

Fig. 4. (A) Image of computed tomography of the abdomen and pelvis of case 
2 on postoperative day 1. (B) Image of computed tomography of the abdomen 
and pelvis of case 2 on postoperative day 5 demonstrating aggravation of pneu-
moperitoneum.
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subcutaneous emphysema from the neck to the operation 
site and pneumoperitoneum (Fig. 4), he did not complain 
of abdominal pain, and signs suggesting acute abdomen 
were not definitive. There was no evidence of bowel injury 
and perforation focus in the APCT. The patient’s general 
condition and neck swelling subsequently improved and 
he was transferred to the general ward on postoperative 
day 2. However, abdominal pain and distention developed 
on postoperative day 5, and follow-up APCT scan showed 
aggravated pneumoperitoneum (Fig. 5). Emergency lapa-
rotomy was performed, and pinpoint perforation was 
found at the end of the sigmoid colon. Hence, a part of the 
sigmoid colon including the perforation site was resected 
and temporary colostomy was performed. The colostomy 
was repaired after 3 months, and the patient uneventfully 
recovered without any further complications.

Discussion

Although bowel injury after LLIF is very rare, it is a po-
tentially life-threatening complication. A few studies have 
documented a small number of cases of bowel perforation 
after LLIF [9-12]. Its exact incidence is not known. Uribe 
et al. [5] reported that 11 (0.08%) of 13,004 patients had 
visceral complications after extreme lateral interbody fu-
sion in a survey study. In addition, in their retrospective 
study, Rustagi et al. [11] found that three patients had 
bowel injury after a total of 590 transpsoas lumbar inter-
body fusion surgeries, resulting in a procedure-specific in-
cidence of 0.51%. We encountered two consecutive cases 
of bowel perforation after LLIF around the same time and 
found that bowel injury may not be easily diagnosed dur-
ing or after surgery because the relevant symptoms and 

signs are vague and nonspecific. Therefore, we decided to 
routinely perform APCT for every patient who underwent 
LLIF surgery; eventually, five patients were found to have 
postoperative pneumoperitoneum. This means that the 
peritoneum is damaged more frequently than expected, 
even if bowel injury is absent.

Uribe et al. [5] reported that comorbidities were com-
mon in patients who had bowel injuries, with each patient 
having at least one major preoperative comorbid factor. 
We paid attention to the history of abdominal and pelvic 
surgery rather than comorbidities because patients with 
severe comorbidities are usually not scheduled for spine 
surgery, and intra-abdominal adhesion is a critical fac-
tor for peritoneal and bowel injury during minimally 
invasive retroperitoneal approaches. In case 1, the patient 
with bowel injury had a history of hysterectomy, whereas 
in case 2, the patient had no surgical history. Of the five 
patients with postoperative pneumoperitoneum only, 
none had a history of abdomen and pelvis surgery. On 
the other hand, 14 patients had a history of abdomen and 
pelvis surgery among the 83 patients whose postoperative 
APCT scans showed no evidence of pneumoperitoneum 
and bowel injury. We surmise that other factors play more 
important roles than comorbidities and surgical history 
in the development of bowel and peritoneal injury after 
LLIF.

An anatomical study evaluating the risk of colon in-
jury in extreme lateral approaches to the lumbar spine 
indicated the presence of a high risk of colon injury at 
the L2–3 and L3–4 levels [13]. In the current study, the 
incidence of pneumoperitoneum and/or bowel injury was 
significantly high when the L2–3 level was included in 
the LLIF surgery. However, it is not known at which level 
peritoneal tear and/or bowel injury developed because all 
patients with postoperative pneumoperitoneum and/or 
bowel injury underwent multilevel LLIF and peritoneal 
rent could not be identified on the APCT scans. In case 
1, the descending colon injury was probably attributable 
to the L3–4 procedure. In case 2, the sigmoid colon was 
probably injured during the L4–5 procedure.

Uribe et al. [5] suggested that a two-incision approach 
may decrease the risk of visceral injury, as 70% of the 
patients with visceral injury were treated using a single 
lateral incision. They did not report the number of levels 
treated. At our institution, we almost always use a two- or 
three-incision approach for multilevel LLIF. Importantly, 
all patients with bowel injury or pneumoperitoneum ex-

Fig. 5. Simple erect abdomen radiograph of a patient with postoperative pneu-
moperitoneum. (A) On postoperative day 2, substantial amount of gas shadow 
was observed. (B) On postoperative day 5, improvement of pneumoperitoneum 
was confirmed.
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cept case 2 underwent more than three levels of LLIF. Ac-
cording to our statistical analysis, the number of segments 
included was significantly associated with the incidence of 
pneumoperitoneum and/or bowel injury. In case 1, an un-
expected event of forward slippage of the trial instrument 
during the L3–4 procedure occurred, and in case 2, the 
pre-existing cage was extracted through a minimally inva-
sive small incision. Attention to technical issues is crucial 
for avoiding injuries to intra-abdominal structures. Com-
plete development of the retroperitoneal space is essential 
and the tube dilator must be firmly pressed against the 
psoas muscle and spine to prevent the intra-abdominal 
structures from moving underneath the dilator. If intra-
abdominal contents intrude between the blades of the 
tube dilator, they must be protected with gauze packing or 
another shielding device. At the end of the procedure, the 
operative field should be carefully examined during re-
moval of the dilator to make sure that there is no evidence 
of bowel and/or peritoneal injuries and active bleeding.

However, bowel injury cannot be completely prevented 
by these measures. High clinical suspicion is of utmost 
importance to avoid devastating postoperative outcomes. 
While Rustagi et al. [11] reported that abdominal pain, 
distention, and fever were the most common findings in 
cases of visceral injury, most of the patients in our study 
complained of nonspecific and vague symptoms and 
signs. Abdominal pain and fever are common events after 
a retroperitoneal approach and spinal fusion. We recom-
mend that all patients undergo APCT within at least 48 
hours after LLIF, and if pneumoperitoneum is found 
without any evidence of bowel injury, serial simple sitting 
radiographs of the abdomen must be obtained to verify 
gradual decrease of free air and relevant symptoms.

The radiation exposure with APCT is higher than that 
with chest or head CT scans due to the large number of 
radiosensitive organs in the field of view [14]. Although 
the authors suggest that performing APCT for early de-
tection of bowel injury after LLIF surgery may be justi-
fied, surgeons must recognize the need to balance such 
benefits with the possible risks of radiation exposure. Fur-
thermore, patients must be informed of the need for the 
examination and the associated radiation risks.

The current study has some limitations. For example, 
the supporting data are insufficient to establish the risk 
factors for bowel injury after LLIF. Although APCTs were 
consecutively performed in all patients who underwent 
LLIF surgery after encountering the first bowel injury, this 

study is retrospective and the number of patients is small. 
Further prospective studies including a large number of 
patients are required and spine surgeons planning LLIF 
procedures need to be alert to avoid bowel injury, which is 
a catastrophic complication.

Conclusions

Although the occurrence of bowel injury after LLIF is 
rare, it can result in catastrophic complications if not 
promptly treated. The symptoms and signs suggesting 
acute abdomen may not be apparent even in patients with 
bowel perforation. In addition, a greater number of fused 
segments is related to a higher incidence of postoperative 
bowel injury and/or pneumoperitoneum. Therefore, we 
recommend that APCT be routinely performed after LLIF 
surgery in order to identify pneumoperitoneum and evi-
dence of bowel injury.
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