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ARTICLE INFO ABSTRACT
Keywords: Colonoscopy is increasingly utilized for colorectal cancer screening, diagnosis of colorectal pathologies and
Perforation therapeutic interventions for benign and malignant conditions. Perforation is a rare but morbid complication
Colonoscopy of colonoscopy. Management of colonoscopic perforation has evolved in parallel with advances in minimally
Endoscopy invasive techniques to include nonoperative, endoscopic, and laparoscopic options. Endoscopic management
Combined endoscopic and laparoscopic has high success rates for select patients with small perforations diagnosed at the time of colonoscopy. Lapa-
surgery roscopic repair is associated with significantly decreased complications and hospital length of stay (LOS) com-
Laparoscopy pared to open repair. Smaller perforations diagnosed at the time of colonoscopy may be managed with
endoscopic repair, while larger perforations or failed endoscopic repair should be managed with laparoscopy.
Delayed presentation of colonoscopic perforation with fecal spillage or hemodynamic instability continue to
warrant laparotomy.
© 2019 Elsevier Inc. All rights reserved.
Introduction Endoscopic management

Colonoscopy is increasingly performed for colorectal cancer screen-
ing, as well as diagnosis and treatment of a variety of different colonic
pathologies including benign polyps, inflammatory bowel disease,
strictures, complications of diverticular disease and malignancy. latro-
genic perforations resulting from colonoscopy occur most commonly
in the sigmoid colon.' The incidence of iatrogenic perforation is very
low for both diagnostic (0.01-0.8%) and therapeutic colonoscopy
(0.02—3%).>°1° Higher rates of iatrogenic colonoscopic perforation of
1.4% and 5.7% have been reported with use of the advanced endoscopic
techniques, endoscopic mucosal resection (EMR) and endoscopic sub-
mucosal dissection (ESD), respectively.!' Colonoscopic perforation can
have serious consequences for patients with some studies reporting
morbidity rates of up to 55%.'” The management of iatrogenic colon
perforation presents multiple options for optimizing patient safety and
recovery. Traditionally, iatrogenic colon perforations have been man-
aged by early laparotomy, primary repair or resection of the involved
segment of bowel, and peritoneal lavage to address any spillage.” Initial
management of iatrogenic perforations now frequently consists of
endoscopic and laparoscopic methods, fueled largely by advancements
in technology and surgeons’ greater mastery of minimally invasive
techniques. Depending on the endoscopic accessibility of the injury,
the timing of the diagnosis of a perforation, and the subsequent clinical
condition of the patient, there is evidence supporting primary manage-
ment with minimally invasive approaches (Fig. 1).
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latrogenic colon perforation identified at the time of colonoscopy
is increasingly managed with endoscopic repair. Endoscopic metal
clips (endoclips) are successfully used for endoluminal hemostasis or
mucosal approximation after endoscopic polypectomy. Endoclips are
the most frequently described endoscopic technique in management
of iatrogenic colon perforation.>*%1%14 These metal clips are approxi-
mately 11 mm in diameter but do come in various sizes. Small
anatomically accessible perforations detected at the time of endos-
copy can be closed using endoclips, beginning at the lateral edges of
the perforation with the final clips placed at the center of the perfora-
tion. Multiple studies have shown greater success at endoscopic
repair using endoclips for smaller perforations (<1.5—2.0 cm).>*8
Suction can also be used to facilitate successful approximation of
the mucosa and submucosa prior to the application of clips, when
managing larger perforations. Clinical success rates for endoscopic
closure of colonoscopic perforations range from 81.7% —91% in
the literature.>*® Endoscopic repair is associated with decreased
hospital LOS and complications.*'* Inpatient observation is criti-
cal after attempted clip closure, to monitor patients for signs of
clinical deterioration or peritonitis. One study reported a 13.6%
rate of abscess formation after closure of perforations with endo-
clips.® Compared to endoclips, less information is available
regarding the use of over-the-scope-clips (OTSCs), which can
close defects up to 2 cm.'® The major limitations for using OTSCs
to close colonoscopic perforations are the inability to close larger
defects and the difficulty in removing the OTSCs in cases of sub-
optimal closure of the perforation.'®

Endoscopic suturing can also be used for repair of perforations
during colonoscopy and has been described in the literature with
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Fig. 1. Management algorithm for colonoscopic perforation.

success rates up to 100%.°"'7 The technique has been described in
several small studies using an endoscopic suturing device to close
perforations in full-thickness bites. Arguably, endoscopic clips may
be quicker to apply, however, for the advanced practitioner experi-
enced with endoscopic suturing, mean suturing time of
13.4 4+ 9.1 min per patient has been reported.'” This is comparable to
the 5—15 min repair time reported in the literature for endoscopic
clip repair.?

Nonoperative endoscopic management of colon perforation can
be highly successful, however, a low threshold for surgical interven-
tion must be maintained. As many as 10—18% of perforations closed
with endoscopic clips may ultimately require surgery.>'® The signs
and symptoms that should prompt early conversion to operative
therapy within 24 h of perforation include large perforation, leukocy-
tosis, fever, severe abdominal pain, and large volume peritoneal free
air.® Endoscopic repair of iatrogenic colon perforation is a successful
strategy for managing small perforations identified at the time of
colonoscopy.

Conservative management

Nonoperative management for iatrogenic perforation in select
patients has been described with successful outcomes.*”-'8-! There
are a handful of studies reporting successful nonoperative manage-
ment based on retrospective analyses. Patients selected for nonoper-
ative management were characterized by delayed presentation with
perforation diagnosed by radiography or CT scan, hemodynamic sta-
bility, and absence of peritonitis. None of these small studies report
mortality after nonoperative management, however, a low threshold
for conversion to surgical intervention should be maintained for clini-
cal or hemodynamic deterioration. One study demonstrated 0% mor-
tality but reported an 11% conversion rate to surgical management
even in carefully selected patients.” Significantly higher complication
rates and longer hospital LOS are reported in patients who undergo
surgery after failure of conservative management compared with
patients initially managed with surgery.® In carefully selected
patients with delayed presentation of iatrogenic colon perforation,

conservative nonoperative management with serial abdominal
exams, bowel rest, and antibiotics may be attempted.

Laparoscopic management

Conventional laparoscopy is effective for the management of iat-
rogenic colon perforations resulting from colonoscopy. Indications
for laparoscopic intervention for iatrogenic perforations include large
perforations identified during colonoscopy, perforations not anatom-
ically amenable to endoscopic repair, delayed diagnosis in a
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Fig. 2. Port placement for laparoscopic repair of iatrogenic perforation.
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Fig. 3. Laparoscopic suture repair.

hemodynamically stable patient, or clinical deterioration of patients
initially managed endoscopically. After identification of colonoscopic
perforation and transfer of the patient to the operating room, locali-
zation of the defect can be performed under direct visualization by
colonoscopic and laparoscopic rendezvous.??> With suspected injury,
an air leak test can easily be performed for confirmation of location
and presence of a full-thickness defect.”®> Port placement will be
determined by the location of the injury, most commonly targeting
the left lower abdomen (Fig. 2). Perforation can be repaired using var-
ious techniques under endoscopic surveillance, including primary
laparoscopic suture repair (Fig. 3), over-sewing of the serosa after
endoscopic clip repair, and laparoscopic stapled wedge resection.?*”
25 Segmental resection can be performed when the defect is not ame-
nable to laparoscopic repair. Primary laparoscopic suture repair fol-
lowing endoscopic localization has been reported with up to 100%
success rates in the literature.” Multiple studies demonstrate signifi-
cantly lower rates of complications with laparoscopic repair com-
pared to open repair as well as significantly decreased hospital
L0S.?2%%-28 The mortality and re-intervention rates remain equiva-
lent regardless of whether laparoscopy or laparotomy is per-
formed.!%?” These trends were also observed in patients who failed
initial endoscopic management and required surgical repair, with
shorter hospital LOS observed in the patients managed laparoscopi-
cally.® While it is preferable to attempt laparoscopic repair because
of the decreased incidence of complications and the shorter postop-
erative hospitalization, open operative management is required in
cases of hemodynamic instability and concern for significant fecal
contamination.

Open management

Open repair with laparotomy is reserved for larger perforations
that fail minimally invasive management, delayed recognition of
injury with hemodynamic instability, or concern for significant fecal
contamination. Optimal open management strategy depends on the
delay from perforation to operation, the tissue quality of the involved
segment of colon, the location of the perforation, and perioperative
clinical status. Strategies include primary repair, bowel resection
with or without primary anastomosis, and fecal diversion."”'* A ret-
rospective review of 35 colonoscopic perforations, all treated with
laparotomy, demonstrated that primary repair was most commonly
performed (56%), followed by resection with anastomosis (25%), and
resection without anastomosis (19%). A complicated postoperative
course followed in 14 patients (40%) with 3 (8.6%) mortalities." In a
more recent retrospective study comparing laparoscopic and open
management of colonoscopic perforation, open operations were per-
formed for 32% of colonoscopic perforations, of which Hartmann’s
operation was the most common, and there were no mortalities.?” As
surgical endoscopists gain more skill and familiarity with colon-pre-
serving minimally invasive endoscopic and laparoscopic techniques,
laparotomy will increasingly be reserved for delayed presentation of
perforation in hemodynamically unstable patients.

Conclusion

Perforation is a rare complication of colonoscopy, but it carries a
significant morbidity risk. Management should be based on when
the perforation is diagnosed, the size of the perforation, the hemo-
dynamic and clinical condition of the patient, and the comfort of the
endoscopist with minimally invasive endoscopic and laparoscopic
techniques. Endoscopic repair with conservative nonoperative man-
agement may be attempted for small perforations identified at the
time of colonoscopy. Laparoscopic repair is appropriate for larger
perforations diagnosed at the time of colonoscopy, for perforations
diagnosed after colonoscopy without significant fecal spillage or
hemodynamic instability, or for clinical deterioration after endo-
scopic repair. Patients with delayed diagnosis of perforation with
significant fecal spillage and hemodynamic instability merit open
surgical management.
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