Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748 / wijg.14.4938

World | Gastroenterol 2008 August 21; 14(31): 4938-4942
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJ]G Press. All rights reserved.

RAPID COMMUNICATION

Compression anastomosis clip for gastrointestinal

anastomosis

Pi-Chu Liu, Zhi-Wei Jiang, Xiao-Lin Zhu, Zhi-Ming Wang, Yan-Qing Diao, Ning Li, Jie-Shou Li

Pi-Chu Liu, Zhi-Wei Jiang, Zhi-Ming Wang, Yan-Qing Diao,
Ning Li, Jie-Shou Li, Department of General Surgery, Jinling
Hospital, School of Medicine, Nanjing University, Nanjing
210002, Jiangsu Province, China

Xiao-Lin Zhu, Department of Nutrition Sciences, University of
Alabama at Birmingham, Birmingham, AL 35294, United States
Author contributions: Liu PC, Jiang ZW, Li N and Li JS
designed the research; Liu PC, Jiang ZW, Wang ZM, Diao YQ
and Li N performed the research; Liu PC analyzed the data; Liu
PC and Zhu XL wrote the paper.

Correspondence to: Zhi-Wei Jiang, MD, Department of
General Surgery, Jinling Hospital, 305 Zhongshan East Road,
Nanjing 210002, Jiangsu Province,

China. greenbamboo0706@msn.com

Telephone: +86-25-80860137 Fax: +86-25-84803956
Received: January 15,2008  Revised: May 2, 2008
Accepted: May 9, 2008

Published online: August 21, 2008

Abstract

AIM: To investigate the feasibility of compression
anastomosis clip (CAC) for gastrointestinal anastomosis
proximal to the ileocecal junction.

METHODS: Sixty-six patients undergoing gastrointe-
stinal anastomosis proximal to the ileocecal junction
were randomized into two groups according to the
anastomotic method, CAC or stapler.

RESULTS: The postoperative recovery of patients in
CAC and stapled anastomosis groups was similar. No
postoperative complication related to the anastomotic
method was found in either group. Both upper
gastrointestinal contrast radiography at the early
postoperative course and endoscopic examination
after a 6-mo follow-up showed a better healing at the
compression anastomosis.

CONCLUSION: CAC can be used not only in colonic
surgery but also in gastrointestinal anastomosis. Our
result strongly suggests that CAC anastomosis is safe in
various complication circumstances. However, it should
be further confirmed with a larger patient sample.
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INTRODUCTION

Compression anastomosis was first reported in 1826 by
Denan, who conceived a sutureless bowel anastomosis
that encompassed the inverting technique proposed
by Lembert'!. The idea is to compress two bowel walls
together and induce a simultaneous necrosis and heal-
ing process leading to the joining of the two lumens. In
1892, Murphy introduced a mechanical device known as
“Murphy’s Button”, which has been used for years”".

Additional compression devices, such as magnetic
ring, AKA-2 device, and biofragmentable anastomosis
ring (BAR) were developed after almost 100 years”".
Although animal experiments and clinical trials have re-
ported the high efficacy and safety of these anastomotic
devices, they are not widely accepted because of their
narrow inner caliber and high expenses. Finally, these
compression anastomotic devices were substituted by
staplers which are used routinely at present™”,

However, compression anastomosis with no foreign
bodies left at the anastomotic site permanently, is con-
sidered an ideal anastomotic method. Many surgeons
still make effort to improve this compression device. Re-
cently, a new device, compression anastomosis clip (CAC)
emerged in 2000, was approved for its use by the FDA".
Clinical trials performed in Isracli Medical Center have
confirmed its safety and efficacy for colonic anastomosis
in laparoscopic procedureslw’m. However, its application
in gastrointestinal anastomosis proximal to the ileoce-
cal junction is limited at an experimental level”. This
prompts us to study its clinical effects on gastrointestinal
anastomosis proximal to the ileocecal junction.

MATERIALS AND METHODS

Sample size and randomization

This study was approved by the institutional commit-
tee on ethics in clinical trials. Sixty-six patients at the
age of 35-83 years, who underwent gastroenterostomy
or enteroenterostomy in July 2005 - December 2000,
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Study group (7 = 33) Control group (7 = 33)

Site Study group Control group Total

Sex (M:F) 24:9 21:12
Age (yr) 57.0 £11.85 58.6 £13.23
Height (cm) 167.7 +7.54 166.4 + 8.59
Body weight (kg) 61.7 £10.92 62.7 £7.49
BMI (kg/m’) 21.9+3.13 227 +3.54
Albumin (g/L) 41.6 +4.44 39.9+4.77
Hemoglobin (g/L) 125.8 +17.48 118.6 £16.34
Prealbumin (mg/L) 276.1 £105.74 301.9 £100.18
Dignosis Study group Control group Total
Malignant
Gastric cancer 21 24 45
Gastric stump cancer 1 0 1
Reflux esophagitis 1 0 1
Anastomotic stenosis 1 1 2
Intestinal tumor 0 2
Total 26 25 51
Benign
Intestinal adhesion 3 2 5
Intestinal tumor 1 1 2
Peptic ulcer disease 1 B 4
Annular pancreas 1 0 1
Inflammatory bowel disease 1 2 3
Total 7 8 15

were recruited into the study. Patients with an emer-
gency surgical history or a nickel allergy history were
excluded. All participants signed an informed consent
form and were randomly divided into a study group or
a control group according to the anastomotic method.
Randomization was based on computer-generated codes
that were maintained in sequentially numbered opaque
envelopes. Compression anastomosis clip (CAC) (NiTi
Medical Technologies, Netanya, Israel), 30 mm in di-
ameter, was used for anastomosis in the study group
(n = 33). In the control group, an anastomosis was
performed with a stapler. Bowel preparation, consist-
ing of oral magnesium sulphate, gentamycin, and met-
ronidazole, was performed on the day prior to surgery
in all patients except for seven patients with complete
intestinal obstruction. There was no statistical differ-
ence in preoperative conditions between the two groups
(Table 1). The main indication for underlying disease
was gastric cancer in both groups (Table 2). One patient
in the study group was complicated by postgastrectomy
reflux esophagitis due to a previous radical gastrectomy
and Brown’s reconstruction. She complained of serious
nausea and vomiting after surgery and was readmitted to
our hospital for reconstruction. The afferent loop was
resected and a side-to-side anastomosis to distal jejunum
was performed with CAC. The distribution of anasto-
motic sites and operative procedures are listed in Table 3.
Two anastomoses were performed for the patient who
underwent total gastrectomy and Roux-en-Y reconstruc-
tion during esophagojejunostomy and jejunojejunostomy.
Only the difference in the latter was compared in both

Stomach-small bowel
Subtotal gastrectomy with a 12 11 23
Billroth II reconstruction

Gastrojejunostomy 6 3 9

Total 18 14 32
Small bowel-small bowel

Total gastrectomy with a 9 14 23

Roux-en-Y reconstruction

Enteroenterostomy 6 5 11

Total 15 19 34

groups based on the different anastomotic methods.

The compression anastomosis was completed with
CAC which is a shape memory nitinol double ring clip.
The hollow viscera to be anastomosed were parallel to
each other and two 5-mm incisions were made at both
sides. The CAC mounted on a deployment device was
cooled in ice-cold water for 2 min before use. After
the clip was opened at an angle of approximately 30°,
it was inserted into the hollow viscera through the two
5-mm incisions. The device returned to its original
closed shape when it was warmed by body temperature
and compressed the two visceral walls firmly. Then, the
scalpel incorporated in the applier created a slit through
the entrapped walls to allow free passage of air and
feces through the anastomosis until the healing process
ended. Finally, the applier was withdrawn and the two
small incisions through which the clip was inserted were
sutured. The compression anastomotic procedure was
completed. The postoperative parameters were followed
in three aspects.

Clinical evaluation

Vital sign, recovery of bowel function, antibiotics
application, duration of nasogastric drainage, time to start
oral feeding and duration of postoperative hospitalization
were recorded. We also recorded the time to complete
the anastomosis, intraoperative and postoperative
complications in all patients, and the time to expel the ring
in the study group.

Radiological examination

Four days after surgery, patients in the CAC group
received abdomen plain X-ray examination to locate the
ring in body. In addition, the integrity of anastomosis
was examined by upper gastrointestinal contrast
radiography with dilute gastrografin 7 d after operation.

Endoscopy
After a six-month follow-up period, endoscopy was
performed to evaluate the healing of anastomosis.

Statistical analysis

Results were expressed as mean T SD. Differences in
means between the two groups were calculated for
significance with independent-samples 7 test using SPSS
10.0. P < 0.05 was considered statistically significant.

www.wjgnet.com
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Variable Study group Control group P
(n = 33) (n = 33)

Gases started (d) 43+1.24 47+1.28 0.230
Bowel movement (d) 5.7+2.36 6.2+253 0.407
Antibiotics stopped (d) 3.8+0.74 40+0.83 0.258
Duration of nasogastric 2.6+0.98 2.8+0.64 0.314
drainage (d)

Start of oral intake (d) 48+1.82 5.4+1.69 0.174
Postoperative hospital 14.9 £ 6.01 15.1 £8.35 0.946
duration (d)

RESULTS

All patients recovered from operation uneventfully. The
parameters collected during their early postoperative
course were similar in both groups (Table 4). No
difference was observed in the duration of operation
between the two groups (139.4 £ 41.39 min »s 143.2
+ 40.53 min). No intraoperative and postoperative
complications were found, including anastomotic
leakage, bleeding, and stenosis, which were related to
the anastomotic methods. However, postoperative
complications unrelated to the anastomosis occurred in
two patients with compression anastomosis. One patient
who underwent subtotal gastrectomy and Billroth 1I
reconstruction showed delayed emptying of the stomach.
The intestinal adherence distant from the compression
anastomosis was observed at the second operation.
The patient recovered finally. Another gastric cancer
patient with pyloric obstruction underwent a palliative
gastrojejunostomy and was refed with normal diet
gradually. However, the patient’s condition deteriorated
suddenly and the patient died on day 35 after operation
because of cardiopulmonary decompensation.

In the CAC group, all of the anastomosis clips were
expelled with stool except two, and none complained of
discomfort or tenesmus. The mean time of ring expulsion
was 15.1 £ 6.04 d (5-29 d). One patient who died 35 d
after surgery did not expel the ring. The anastomotic ring
in another patient with adhesive ileus was taken out by
gastroscopy on the 16th postoperative day.

Using the radiological examination, we were able to
locate the anastomosis ring in the patient’s body dynami-
cally (Figure 1). The upper gastrointestinal contrast ra-
diography showed that the anastomoses in both groups
were intact. No stenosis was observed in all patients,
even with the CAC left at the anastomotic site (Figure 2).

After a 6-mo follow-up period, the anastomotic
healing was evaluated in all patients by gastroscopy or
enteroscopy. No relevant stenosis was detected in either
group. All anastomoses showed good healing without
scar. The mucosa of compression anastomosis was
smooth (Figure 3). However, slight edema and conges-
tion occurred in three of the stapled mucosa.

DISCUSSION

Compression anastomosis is very close to the sutureless

www.wjgnet.com

Figure 1 Plain X-ray film showing the CAC in situ in abdomen of patients who
underwent radical resection of gastric cancer and Billroth II reconstruction
5 d after operation (A), the ring moving to the right lower abdomen 11 d after
operation (B), and expelling of the ring with stools 15 d after operation (C).

Figure 2 Upper gastrointestinal contrast radiography showing no stenosis with
CAC in situ in the patient who underwent alleviative gastrojejunostomy 7 d after
operation.

anastomosis in the absence of permanent foreign bod-
ies at the anastomotic site!. Although the technique of
compression anastomosis was introduced more than 180
years ago and the theoretical advantages were appreciat-
ed, the technique has not been accepted as a standard for
gastrointestinal anastomosis, which could be explained
by its narrow inner caliber, difficult application and as-
semblage, and high cost™. Tt secems that these barriers
can be tackled well with the new device, compression
anastomosis clip.

The mechanism of CAC is similar to that of Murphy’s
button. The walls of hollow organs are placed between
coils of the ring, pressed and clamped together. Its contin-
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Figure 3 Gastroscopic examination revealing a good healing at the

compression anastomosis without scar, edema or congestion six months after
subtotal gastrectomy with a Billroth II reconstruction.

uous pressure creates gradual and controlled necrosis of
the tissue in the area limited by the CAC coil’s petimeter
while the external edges of this area become sealed, form-
ing a smooth tight homogeneous anastomosis. The device
is biofragmented or detached from the anastomotic site
and is excreted from the body. The innovation of CAC
is the shape memory nitinol double ring that becomes
flexible in cool water and resumes its programmed shape
when warmed by body temperature.

Technical failure rates of a new technique must be re-
duced by eliminating the learning curve on a suitable ani-
mal model™. In our study, no intraoperative problems
were observed and no additional supportive measures
were needed, suggesting that the increasing experience
with our previous animal experiments may significantly
shorten the duration of technique learning. The learn-
ing process of this new technique is short, indicating
that this technique is easy to learn and handle. We also
confirmed that CAC could be used not only for colonic
anastomosis but also for gastrointestinal anastomosis
and enteroenterostomy. In addition, we also performed
gastrojejunostomy and enteroenterostomy with CAC for
patients with intestinal adhesion, peptic ulcer, or inflam-
matory bowel disease. Almost all the patients in the CAC
group passed the ring without discomfort only with two
exceptions. No obstruction due to anastomotic device
was observed, indicating that the air and feces are able
to pass through the temporary passage of anastomosis
during the healing process of anastomosis. The CAC,
30 mm in diameter and 8 mm in inner caliber, could pass
through the ileocecal junction successfully.

Anastomotic leakage is a serious postoperative
complication of gastrointestinal anastomosis. How-
ever, surgical procedure is one of the important factors
that affect the healing of anastomosis' . Our data are
consistent with a parallel study in Israel""?. No anasto-
motic leakage was observed in our study, which may be
partially explained by a constant stress plateau, which is
exerted by coils at about 400 Mpa and up to 6% perfect
recoverable strain. The constant pressure makes the
ring detached from the anastomotic site at an appro-
priate time. The unique physical properties of nitinol,
mostly the constancy of stress, enable the device to exert

a relatively constant pressure irrespective of the bowel
wall thickness.

Ischemia, inflammation, and fibrosis due to anas-
tomosis leakage are the factors for anastomotic steno-
sis™>'. No sign of anastomotic stenosis at compression
anastomotic site was observed either in upper gastroin-
testinal contrast radiography early postoperatively or in
the endoscopy after a long- term follow-up period. The
compression anastomosis showed a smooth and intact
healing, In contrast, edema and congestion occurred in
three of the stapled anastomoses. These discrepancies
may be explained by the following. First, the absence
of foreign bodies at CAC anastomotic site may greatly
decrease inflammatory stimuli and formation of fibrous
tissue. Second, the compression anastomotic diameter
is determined by the outer diameter of the CAC device,
as opposed to staplers, which is determined by its inner
diameter. Thus, the CAC is capable of creating a larger
anastomosis using a small device. Finally, the raw surface
at the edge of the stapler line after firing may also in-
crease the possibility of stricture.

The mean time of expulsion of anastomosis clip was
15.1 £ 6.04 d after surgery. However, significant varia-
tions were found in different individuals. Half of the
patients in the CAC group expelled the anastomotic clip
in about 2 wk. The patients who passed the ring within
about 1 wk were always younger and more likely to have
benign diseases. They recovered from surgical stress
faster and started activities earlier. In contrast, the elder
patients with malignant disease often had complex con-
ditions and malnutrition before surgery. They were bed-
ridden for a longer time after surgery and took a longer
time to expel the anastomotic ring, suggesting that many
factors including anastomotic healing, enterokinesia, and
distance of pathway, e#; can affect the duration of the
ring expelling. Therefore, we hold that the duration for
the ring to detach from the anastomotic site is more im-
portant. Further study is needed to confirm our findings.

The characteristics of postoperative recovery were
similar in patients with CAC or stapled anastomosis. The
anastomotic device did not influence the normal diet
intake. None of the patients complained of abdominal
pain due to dietary. However, Thiede and colleagues
conducted a multicenter prospective trial of biofrag-
mentable anastomosis ring and found that a low fiber
diet until the evacuation of ring fragments from the
bowel could prevent obstruction with no discomfort™’.

The recovery course of 7 patients with a compres-
sion anastomosis who had complete intestinal obstruc-
tion before surgery, was uneventful and similar to those
without complete intestinal obstruction before opera-
tion, which might be related to the characteristics of
the CAC. When a CAC anastomosis was performed,
the coils were inserted into the bowel lumens that were
to be anastomosed through the small incisions and the
compression anastomosis was completed after closure
of the incisions. However, performing a stapled anas-
tomosis needed a relatively larger surgical field and had
more chances to contaminate the abdominal cavity when
the applier was withdrawn. In addition, application of

www.wjgnet.com
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the CAC may simplify the gastrointestinal bypass opera-
tion and shorten the operative time. Therefore, surgical
injury to the patient could be minimized and the bowel
function could recover eatlier. Moreover, previous stud-
ies demonstrated that persistent foreign bodies may be
responsible for anastomotic recurrence of cancer and
inflammatory bowel disease and affect radiological ex-
amination!""". Although no recurrence at anastomotic
site was found in our study during the 6-mo follow-up
period, further study is needed.

In conclusion, CAC is an alternative method for
gastrointestinal anastomosis under different disease cir-
cumstances. Further study with a larger patient sample
and a longer follow-up period is needed to confirm our
findings before CAC application in emergency and lapa-
roscopic surgery.

COMMENTS

Background

Gastrointestinal anastomosis is a common surgical procedure in abdominal
surgery. Compression anastomosis, which was first reported in 1826 by Denan,
is one of the methods. Because there is no foreign body left at the anastomotic
site permanently, it is considered an ideal anastomotic method. However, the
compression anastomotic devices have been substituted by staplers due to
their narrow inner caliber and high cost.

Research frontiers

Recently, a new device, compression anastomosis clip (CAC), which was
emerged in 2000, was approved by the FDA. The mechanism of CAC is similar
to that of Murphy’s button. The innovation of CAC is the shape memory nitinol
double ring that becomes flexible in cool water and resumes its programmed
shape when warmed by body temperature. Clinical trials performed in Israeli
Medical Center confirmed the safety and efficacy of CAC for colonic anastomo-
sis in laparoscopic procedures.

Innovations and breakthroughs

The application of CAC in gastrointestinal anastomosis proximal to the ileocecal
junction was evaluated in this study. Besides, it can also be applied in selected
patients who suffered from inflammatory bowel disease, peptic ulcer disease
and intestinal obstruction, efc.

Applications

CAC can be used for gastrointestinal anastomosis proximal to the ileocecal
junction.

Peer review

This study elucidated the safety of CAC for gastrointestinal anastomosis un-
der different disease circumstances, which may be an alternative method for
abdominal surgery and decrease the anastomotic recurrence of cancer and in-
flammatory bowel disease. The study was well designed and the findings were
reliable and significant.
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