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Angular Positioning of Stent Increases Bowel Perforation
after Self-Expandable Metal Stent Placement
for Malignant Colorectal Obstruction

Jeong Guil Lee, Kwang Ho Yoo, Chang-Il Kwon, Kwang Hyun Ko and Sung Pyo Hong

Digestive Disease Center, CHA Bundang Medical Center, CHA University, Seongnam, Korea

Background/Aims: Some factors like stent wires, balloon dilatation and use of guide wires seems to increase perforation after self-ex-
pandable metal stent (SEMS) placement, but few studies mentioned about the relationship between angulation of malignant stricture
and perforation. The present study aimed to confirm that more angular positioning of stents increases perforation.

Methods: This study was conducted with retrospectively evaluation at Digestive Disease Center, CHA Bundang Medical Center, CHA
University. Between January 2002 and August 2011, SEMS was inserted in 130 patients with malignant colorectal obstruction. We studi-
ed the difference in the angle of stenosis between perforation and non-perforation groups using fluorography images.

Results: SEMS insertion was performed in 130 cases of obstruction due to colon cancer. Perforation occurred in eight patients (6.2%) of
them. Thirteen cases were excluded from the analysis due to poor fluoroscopic images. Among the eight patients with perforation, the
mean stenosis angle was 109.9° compared to 153.1° in the nonperforation group, indicating that the angle was more acute in the perfora-
tion group (p=0.016).

Conclusions: This study shows that more angular positioning of stent increases bowel perforation after SEMS placement for malignant

colorectal obstruction.
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INTRODUCTION

Since 1991 when Dohmoto used self-expandable metal st-
ent (SEMS) for obstruction due to rectal cancer, SEMS has
been widely used for obstructive colon cancer.'

Colon obstruction due to colon cancer occurs in about 30%
of colon cancer patients as a common cause of emergency sur-
gery;>® however, emergency surgery in these patients leads to
complications in about 60% and even death in up to 22% of
the patients,’ and transient or permanent colostomy might be
developed after surgical intervention, causing declined quality
of life of the patient.” Approximately 30% of colon cancer pa-
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tients with colon obstruction accompanies extensive tumor
invasion, metastasis and underlying disease, making them un-
suitable for curative surgery.®

In patients with colon obstruction due to colon cancer, st-
enting is an effective strategy to decompress the colon and is
helpful in decreasing the risk of emergency surgery and buy-
ing some time to improve the patient’s poor condition before
the surgery. Stenting allows performing necessary tests be-
fore the surgery to evaluate the extent of invasion and the pres-
ence of metastasis accurately. It also leads to bowel preparation
enabling elective surgery. Patients with multiple metastases
that were found unresectable or with high risk for operation
may avoid unnecessary surgery or colostomy because stent
57 Despite
these merits, however, stent insertion may cause various com-

insertion itself may work as a palliative treatment

plications including bowel perforation, stent migration, re-
stenosis, and bleeding.*

The most serious form of complication is colon perforation.
Sebastian et al.” reported colon perforation in 3.7% of patients



who received SEMS insertion due to colon cancer, stating bal-
loon dilatation before the stent insertion as the cause of the
perforation. There have been reports that a misplaced stent
in a curved lesion is associated with perforation;'®'" however,
there are few literature so far on contraindications or the angle
of stenotic lesion associated with the perforation, although
there have been reports on various causes of perforation when
using SEMS. The authors analyzed and report here the factors
associated with perforation in colon cancer patients who re-
ceived SEMS insertion.

MATERIALS AND METHODS

We performed a retrospective review on colon cancer pa-
tients who received SEMS insertion as a palliative treatment or
a bridge to curative surgery for colon obstruction at CHA
Bundang Medical Center, CHA University between January
2002 and August 2011. The Institutional Review Board of the
CHA Bundang Medical Center, CHA University approved this
study (IRB no. BD2012-146D). Data on the patients’ baseline
characteristics, site and stage of tumors, the purpose of stent-
ing, type and length of the stent, the length and angle of ste-
nosis, and attending physicians were obtained from chart re-
view to determine the association with perforation. Niti-S st-
ent (Taewoong Co., Ltd., Seoul, Korea) and Hanaro stent (MI
Tech Co., Ltd., Seoul, Korea) were used as the SEMS for the
procedure. Under the fluoroscopic guidance, the stent deliv-
ery system was advanced directly after passing the guide-wire
through the lesion or by using through the scope endoscopy.
To visualize best view of the lesion, we had the patients turned
around under fluoroscopy. Stenosis angle was measured by
using the fluoroscopic images taken at the time of SEMS in-
sertion. We chose best image among the films. Angle was
measured with the axes of both ends from angulated lesion by

Table 1. Clinical Characteristics of Eight Perforated Patients
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guide wire or insertion sheath of SEMS with picture archiv-
ing and communication system (Marosis m-view 5.0; Maro-
tech Inc., Seoul, Korea) measuring program. After SEMS in-
sertion, this angle becomes blunter due to straightening power
of the stent. SPSS version 19.0 (IBM Co., Armonk, NY, USA)
was used for statistical analysis, with p-value of less than 0.05
as significant. Student #-test, chi-square test, Fisher exact test,
and logistic regression were used for the analysis.

RESULTS

SEMS insertion was performed in 130 cases of obstructed
colon cancer at our institution but 13 cases were excluded
from the analysis due to poor fluoroscopic images. Excluded
cases were all nonperforated cases. Finally, 117 cases were
evaluated. Perforation occurred in eight patients of them (Ta-
ble 1). Six of them were for palliative purpose and two were
as a bridge to surgery. Among the eight patients with perfora-
tion, five patients had stenotic tumor in the sigmoid colon,
two in the rectum, and one in the splenic flexure. Colon can-
cer stage was IV in four out of the eight patients, but the fre-
quency was not different from nonperforation group. Uncov-
ered stent was used in all patients, except for one patient who
received full-covered stent. The median time from the stent
insertion to perforation was 1 day (range, 1 to 30 days). Am-
ong the eight patients with perforation, the mean stenosis an-
gle was 109.9° compared to 153.1° in the nonperforation gr-
oup, indicating that the angle was more acute in the perfor-
ation group (p=0.016). Figs. 1, 2 show fluoroscopic images of
perforated cases after SEMS placement at the angular stenotic
lesion. The perforation occurred at the splenic flexure and
sigmoido-descending colon junction only in one patient each,
and at the rectum or sigmoid colon in six patients; however,
rectosigmoid colon obstruction accounted for 75% of the non-

Case Stent  Stenosis Stenosis ~ Stentsize, Ballon No. of Time to Stenosis
Age  Sex . Stage  Stent type . . .
no. purpose site length, cm cm dilatation used stents perforation, day angle, °
1 29 M Palliative Rectum I  Full-covered 5 10 No 1 1 76
2 61 F Palliative Sigmoid I Uncovered 5 No 1 2 148
3 59 F  Palliative ~Sigmoid IV Uncovered 15 Yes 2 1 62
4 56 M Brideto Rectum II  Uncovered 2 No 1 1 154
surgery
5 59 M Palliative Sigmoid IV Uncovered 5 12 No 1 30 114
52 M Brideto Sigmoid II  Uncovered 25 6 No 1 10 152
surgery
7 32 F Palliative Splenic IV Uncovered 8 10 No 1 1 138
flexure
8 78 M Palliative Sigmoid IV Uncovered 3 10 No 2 1 105

M, male; E female.
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Perforation after Angular SEMS Insertion

Fig. 1. Fluoroscopic images of the stenotic lesion during stent insertion. (A) The angle of malignant stenosis was 76°. (B) A full-covered me-

tallic stent was inserted, and perforation occurred in 1 day.

Fig. 2. Fluoroscopic images of the stenotic lesion during stent insertion.

(A) The angle of malignant stenosis was 62°. (B) Two uncovered

metallic stents were placed to each proximal and distal portion of the stenosis and overlapped at the bent. Perforation was developed in 3

days.

perforation group, suggesting that the difference between the
groups was not statistically significant. Three patients received
balloon dilatation, and one of them experienced perforation.
Six patients received multiple stents of two, and two of them
experienced perforation. The lengths of the stents and steno-
sis were not different between the groups. The clinical and
technical characteristics of the two groups are summarized
in Table 2 and multivariate analysis of risk factors of perfora-
tion is shown in Table 3. Physicians who performed stent in-
sertion were all experts of the procedure with over 10 years
of experience. Perforation rate was not different among phy-
sicians (p=0.4).
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DISCUSSION

The incidence of bowel perforation in this study was 6.2%
(8/130), which was higher than the incidence (3.7%) reported
by Sebastian et al.” Bowel perforation might occur firstly while
inserting guide-wire or catheter due to excessive manipula-
tion, in which case the perforation can be confirmed by the
leakage of the contrast dye through the abdominal cavity.'>"
Also the endoscopist’s experience may be a factor since less-
experienced endoscopists tend to perform excessive manipul-
ation more often." All the endoscopists in our institution have
more than 10 years of experience in endoscopy. Second, bal-
loon dilatation may cause perforation, which is why balloon



Table 2. Clinical and Technical Characteristics of Perforated and Nonperforated Group
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Factor Subfactors Perforation group (n=8) Nonperforation group (1=109) p-value
Age (range), yr 53.25(29-78) 65.89 (26-94) 0.019
Sex, M/F 5/3 51/58 0.477
Stent purpose Palliative 6 74 1.000
Bridge to surgery 2 34
Obstruction site Ascending 0(0) 3(2.8) 0.664
Hepatic flexure 0(0) 9(8.3)
Transverse 0(0) 5(4.6)
Splenic flexure 1(12.5) 2(1.8)
Descending 0(0) 8(7.3)
SD junction 1(12.5) 7 (6.4)
Sigmoid 3(37.5) 33(30.3)
RS junction 0(0) 3(2.8)
Rectum 3(37.5) 39 (35.8)
Stage Stage I 0 0 0.662
Satge II 2 17
Stage I1I 2 20
Stage IV 4 61
Stent type Uncovered 7 91 0.698
Covered 1 16
Previous chemotherapy 2(25) 20 (18.3) 0.648
Stricture length (range), cm 5.7 (2-15) 4.3 (1-15) 0.463
Stent size (range), cm 8.8 (6-12) 8.4 (6-16) 0.434
Balloon dilatation 1(12.5) 2(1.8) 0.191
Dual stent use 2(25) 4(3.7) 0.055
Papillotome 0(0) 6(5.5) 0.757
Angle of stricture, ° 109.9 153.1 0.016
Values are presented as number (range or %).
Table 3. Multivariate Analysis of Associated Factors with Colon Perforation after Self-Expandable Metal Stent Placement
Factor Hazard ratio 95% confidence interval p-value
Age 0.967 0.91-1.03 0.310
Previous chemotherapy 1.188 0.10-14.50 0.893
Angle of stricture 0.933 0.89-0.98 0.003
Dual stent use 4.423 0.22-90.42 0.334
Balloon dilatation 0.416 0.00-2083.01 0.840

dilatation is not recommended before stent insertion.® Khot
et al. reported that perforation occurred in about 2% of the
patients in the group without balloon dilatation, compared
to 10% in the group with balloon dilatation, and insisted that
a thin stent delivery device that could pass through the ste-
nosis might reduce the need for balloon dilatation and perfor-
ation as a result. In our study, balloon dilatation was per-
formed in only three patients among the overall 117 patients,
and one of them experienced perforation. Excessive air infla-

tion during the procedure might be associated with perfora-
tion.” Third, friable tumor tissues may cause perforation due
to strong radial force during the stent expansion."” Fourth, co-
lonic wall erosion due to the stent ends may be the cause of
perforation; most of these cases are microperforation without
symptoms and the inflammatory reaction of the surrounding
tissues are not serious.”” These cases are typically presented
as delayed perforation, and such erosion occurs often at the
ascending colon, which has thinner colonic wall than the re-
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ctum. This is also why the perforation occurs more often at the
right colon than the left colon.'® According to a study report,
a rigid type Wall-stent (Boston Scientific, Natick, MA, USA)
was found to cause erosion and ulcer more often compared to
a flexible type Ultraflex (Boston Scientific), thereby increas-
ing the risk of perforation."”

We compared stenosis angle and various characteristics be-
tween the perforation group and the nonperforation group
while analyzing the patients with perforation after SEMS in-
sertion. First of all, stenosis angles of the perforation group
and the nonperforation group were 109.9° and 153.1°, respec-
tively, with statistically significant difference (p=0,016). Per-
foration occurred in five cases among the seven cases with less
than 120° of stenosis angle in particular, strongly suggesting
that the perforation increases as the stenosis angle becomes
more acute. This can be explained by the possibility of injury
during the manipulation of a guide-wire or a stent delivery
system, excessive tensile force to the outer corner wall during
the stent expansion, and erosion and ischemia from the pres-
sure to the colon wall caused by a long stent ends leading to a
perforation. Lastly, very angular stricture needs multiple
stents due to the difficulty of complete stent insertion, which
means that perforation might be increased due to the greater
pressure at the sites where the stents are overlapped or at the
end of the stents. Song et al."’ reported increased perforation
when using a dual-design stent. In our study, two stents were
used in six cases, and perforation occurred in two cases, re-
flecting relatively more frequent use of a dual stent in the per-
foration group. Song et al."* used a dual-design stent for every
case from the start, whereas we used dual stents only for the
cases with obstructions that cannot be fully relieved with one
stent, suggesting the possibility that not only the use of a dual
stent but also the characteristics of the stricture itself contrib-
uted to the occurrence of perforation. The two patients who
experienced perforation after using a dual stent actually had
stenosis angles of 62° and 105°, which were significantly more
acute than the average stenosis angle of the four patients with-
out perforation (154°). Based on these results, it would be ad-
visable to use a flexible stent with less dynamic stability, not
to perform balloon dilatation before and after the stent inser-
tion, and to avoid using multiple stents if possible, in order to
prevent perforation when inserting SEMS to an angular ste-
nosis.

Although perforations occurred often at curved lesions, the
frequency was not statistically different from that of the non-
perforation group, suggesting that the angle and characteris-
tics of the stenosis, not specific location of the lesion, are im-
portant factors.

Bowel status of preparation was similarly poor because all
indicated cases were inappropriate to prepare due to obstruc-
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tion. Retrospective study was another reason for evaluation
failure about preparation.

One of the limitations of this study is the fact that the steno-
sis angle was measured retrospectively based on the fluoros-
copy images, and that several cases had to be excluded from
the analysis due to the inaccuracy of the image. Prospective
studies with stenosis angle measurement might enable more
precise analysis based on the correlation between the stenosis
angle and perforation observed in this study. Secondly, we
could not identify the exact location of the perforations. The
location of perforation changes depending on whether the ra-
dial force of stent caused tear in the stricture or the stent ends
caused erosion—and perforation as a result—by touching the
normal lumen. It would be possible to find the major cause of
perforation if the exact location of perforation could be iden-
tified by observing resected colon specimen in the future.

In conclusion, our institutional experience suggests that an-
gular positioning of stent increases bowel perforation after
SEMS placement for malignant colorectal obstruction. It is
advisable, therefore, to pay special attention on the possibility
of a lumen injury when manipulating a guide-wire or a stent
delivery system, to use a more flexible stent so as to reduce the
tensile force, to avoid using balloon dilatation before and after
the stent insertion, and to avoid using multiple stents if pos-
sible, for an angular stenosis lesion.
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