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Abstract
AIM: To evaluate clinical validity of the compression 
anastomosis ring (CAR™ 27) anastomosis in left-sided 
colonic resection. 

METHODS: A non-randomized prospective data col-
lection was performed for patients undergoing an 
elective left-sided colon resection, followed by an 
anastomosis using the CAR™ 27 between November 
2009 and January 2011. Eligibility criteria of the use 
of the CAR™ 27 were anastomoses between the colon 
and at or above the intraperitoneal rectum. The pri-
mary short-term clinical endpoint, rate of anastomotic 
leakage, and other clinical outcomes, including intra- 
and postoperative complications, length of operation 
time and hospital stay, and the ring elimination time 
were evaluated.

RESULTS: A total of 79 patients (male, 43; median 
age, 64 years) underwent an elective left-sided co-
lon resection, followed by an anastomosis using the 

CAR™ 27. Colectomy was performed laparoscopically in 
70 patients, in whom two patients converted to open 
procedure (2.9%). There was no surgical mortality. As 
an intraoperative complication, total disruption of the 
anastomosis occurred by premature enforced tension 
on the proximal segment of the anastomosis in one pa-
tient. The ring was removed and another new CAR™ 27 
anastomosis was constructed. One patient with sigmoid 
colon cancer showed postoperative anastomotic leak-
age after 6 d postoperatively and temporary diverting il-
eostomy was performed. Exact date of expulsion of the 
ring could not be recorded because most patients were 
not aware that the ring had been expelled. No patients 
manifested clinical symptoms of anastomotic stricture.

CONCLUSION: Short-term evaluation of the CAR™ 27 
anastomosis in elective left colectomy suggested it to 
be a safe and efficacious alternative to the standard 
hand-sewn or stapling technique.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
A well-vascularized tension-free anastomosis is of  para-
mount importance for successful colorectal surgery and 
the hand-sewn or stapling technique is currently the 
most common surgical standard for restoration of  bowel 
continuity. However, both techniques inevitably leave 
foreign materials within tissue, evoking an inflamma-
tory reaction, thus potentially resulting in a number of  
anastomosis-related adverse effects. In particular, perma-
nent presence of  metallic foreign material after stapled 
anastomosis often contributes to the reduced size of  the 
anastomotic lumen, and may be responsible for frequent 
postoperative stricture[1].

Anastomotic leakage still remains a serious problem 
associated with substantial morbidity and mortality. 
Although considerable variations are seen among sur-
geons, an overall clinically apparent anastomotic leak-
age proximal to the peritoneal reflection of  the rectum 
ranges in frequency from 3.4% to 6%[2,3]. For anterior 
resection of  the rectum, clinical leakage rate is known 
to be higher-between 2.9% and 15.3%[4-6]. In particular, 
not only increasing surgical morbidity and mortality, this 
complication may be associated with worse survival and 
higher recurrence after curative resection of  colorectal 
cancer[7,8]. These drawbacks associated with conventional 
anastomotic techniques naturally lead surgeons to inves-
tigate a more ideal concept of  the anastomosis. As an 
alternative to the end-to-end circular stapling device, a 
novel compression anastomosis ring (CAR™ 27; NiTi 
Surgical Solutions, Netanya, Israel) was introduced re-
cently. It is made of  shape-memory alloy of  nickel-titani-
um (Nitinol), which is temperature dependent. Because 
this device is staple-free, there is no puncturing injury of  
the bowel wall, no risk of  anastomotic bleeding, and it 
does not leave any permanent foreign material within the 
body. Within 6 to 11 d, the entire device together with 
the necrotized tissue detaches and is naturally eliminated 
from the body during bowel movements, leaving a wide 
and patent sutureless end-to-end anstomosis[9]. 

The aims of  the current study were to present early 
clinical experience of  the CAR™ 27 device in colorec-
tal or colocolic end-to-end anastomosis after left-sided 
colon resection, and to evaluate the safety, efficacy, and 
technical feasibility of  the device.

MATERIALS AND METHODS
Patients
A non-randomized prospective data collection was per-
formed for patients undergoing an elective left-sided 
colon resection, followed by an anastomosis using the 
CAR™ 27 for various left-colonic etiologies. Eligibility 
criteria of  the use of  the CAR™ 27 were anastomoses 
between the colon and at or above the intraperitoneal 
rectum. The surgical procedures were performed by a 
single surgeon (HJ Choi). Between November 2009 and 
January 2011, a total of  79 anastomoses were construct-
ed by use of  the CAR™ 27. Preoperatively, patients 

were informed of  the method of  bowel anastomosis. 
Data on patient demographics, surgical indications, op-
erative procedure, perioperative course, and outcome 
were recorded prospectively on data sheets. The primary 
short-term clinical endpoint was the rate of  anastomotic 
leakage, and other clinical outcomes, including intra- and 
postoperative complications, length of  operation time 
and hospital stay, and the ring elimination time were re-
corded. No postoperative radiologic contrast study was 
performed routinely, and anastomotic leakage was diag-
nosed clinically. 

Description and use of the CAR™ 27 
Nitinol is a temperature-dependent shape memory alloy 
of  nickel-titanium because it expands and flexes when 
cooled, but resumes its shape and size when it returns to 
its normal temperature[10]. Nitinol leaf  springs are used in 
the CAR™ 27 to maintain a continuous pressure at the 
anastomosis independent of  the thickness of  tissue with-
in the anastomosis. By cooling the ring in cold saline for 
about 30 s, the nitinol leaf  springs flatten within the ring. 
When an anastomosis is created, the ring can accommo-
date to the different thicknesses of  tissue within the anas-
tomosis[11]. At body temperature, the nitinol leaf  springs 
begin to return to their original shape, which closes the 
gap gradually until the trapped tissue becomes necrotic. 
As a result, healthy tissue connects the bowel ends at the 
ring’s outer perimeter to restore the bowel continuity.

The CAR™ 27 instrument consists of  two main 
components, a main firing device and detachable com-
pression elements (Figure 1). Compression elements are 
composed of  a polyethylene anvil ring and a nitinol leaf  
spring-containing metal ring. Its use is similar to that of  
current curved circular staplers and it was manipulated 
according to the manufacturer’s instructions. In brief, 
the detachable anvil ring was inserted into the proximal 
bowel lumen and secured by a purse-string suture, when 
an anastomosis was ready after colon resection. After 
immersing the mounted ring with its loader in cold saline 
for several minutes, the ring was loaded to the distal end 
of  the firing device. The firing device was then inserted 
transanally up to the stapled end of  the colon or upper 
rectum. A thin trocar shaft emerged from the instrument 
to pierce the distal stapled end and was assembled to the 
shaft of  the detachable anvil head by sliding one into the 
other. To deploy the CAR™ 27 from the housing onto 

4788 November 21, 2011|Volume 17|Issue 43|WJG|www.wjgnet.com

Figure 1  NiTi compression anastomosis ring (CAR™ 27). It consists of fir-
ing device, ring loader, polyethylene anvil, and nitinol ring (Courtesy of NiTi™ 
Surgical Solutions, Netanya, Israel).



Table 3  Intra- and postoperative complications

Table 2  Surgical and pathologic data

the tissue, the operating knob was rotated until it could 
not be turned any further and the indicator line was vis-
ible, and the cutting trigger and the cutting handle were 
squeezed simultaneously. When fired, the device holds 
the two ends of  tissue together with circumferentially 
placed barbed points, which penetrate through the tissue, 
holding it to the polyethylene anvil ring. After firing, the 
cutting trigger and the cutting handle were released and 
the instrument was withdrawn by pulling gently out of  
the rectum and anus. Because this device is temperature-
dependent, warm saline was instilled around the anas-
tomosis immediately after firing for quicker and securer 
return to its pre-deformed shape. Completeness of  the 
anastomosis was confirmed by an air-leak test.

RESULTS
A total of  79 patients (male, 43) underwent an elective 

left-sided colon resection, followed by an anastomosis 
using the CAR™ 27. Patient demographics and primary 
diagnoses for a colectomy are shown in Table 1. Patients 
ranged in age from 30 to 82 (median, 64). The majority of  
patients (95%) received left-sided colon surgery for neo-
plastic etiologies. Surgical and pathologic data are shown 
in Table 2. Laparoscopic colectomy was performed in 70 
patients, in whom two patients who underwent a laparo-
scopic anterior resection for sigmoid colon cancer were 
converted to open procedure (2.9%); one for bulky tu-
mor with uterine adhesions and the other for physiologic 
adhesions with marginal artery injury. Combined proce-
dures were performed in 5 patients [2, total abdominal 
hysterectomy (TAH) and bilateral salpingo-oophorec-
tomy; 1, video-assisted thoracic surgery (VATS) wedge 
pneumonectomy; 1, cholecystectomy; 1, TAH]. Table 3 
shows intra- and postoperative complications. There was 
no surgical mortality. There was an intraoperative com-
plication associated with immature manipulation of  the 
CAR™ 27 anastomosis. This 67-year old male received a 
laparoscopic anterior resection for sigmoid colon cancer. 
Immediately after deployment of  the CAR™ 27 by fir-
ing, the proximal segment of  the anastomosis was pulled 
upward to check perfectness of  the anastomosis and 
the proximal side of  the anastomosis was stripped off  
circumferentially. To solve this intraoperative problem, 
the device was dismantled and another new CAR™ 27  
anastomosis was constructed. Premature enforced ten-
sion over the anastomosis with the CAR™ 27 still in the 
cold temperature might be a factor. One patient with sig-
moid colon cancer showed anastomotic leakage after 6 d  
postoperatively. This 33-year-old female received a sec-
ond laparoscopic exploration, and primary suture closure 
of  the anastomotic defect (with the CAR™ 27 left) and 
temporary diverting ileostomy were performed. Postop-
eratively, all patients were informed that the ring would 
be expelled with bowel movement within 14 d after sur-
gery. Practically, the exact date of  expulsion of  the ring 
could not be recorded because most patients were not 
aware that the ring had been expelled with stool. In the 
patient who received a diverting ileostomy for anastomot-
ic leakage, the ring was not expelled and retained within 
the colon until 9 d after an ileostomy closure (Figure 2).  
Postoperatively, no patient manifested clinical symptoms 
suggestive of  anastomotic stricture. Colonoscopy at 
6-month follow-up showed a wide and patent anastomo-
sis constructed by the CAR™ 27 (Figure 3). 

DISCUSSION
As a secure anastomosis is the crucial step for success-

4789 November 21, 2011|Volume 17|Issue 43|WJG|www.wjgnet.com

Table 1  Patient demographic and diagnosis

Compression anastomosis ring (n = 79)

Gender
   Male 43
   Female 36
Median age (yr, range) 64 (30-82)
Primary diagnosis
   Neoplasm
      Sigmoid colon 54
      Rectosigmoid junction 17
      Descending colon   4
      Carcinomatosis (cervical cancer)   1
   Rectal prolapse   1
   Sigmoid colonic ulcer   1
   Sigmoid volvulus   1

CAR (n  = 79)

Median operation time (min, range) 172.5 (110-430)
Median postoperative hospital stay (d, range) 7 (4-29)
Type of surgery (laparoscopic/open)
   Anterior resection 65(2)1/8
   Left hemicolectomy        4/1
   Resection rectopexy        1/0
Combined procedure
   TAH + BSO   2
   VATS pneumonectomy   1
   Cholecystectomy   1
   Total hysterectomy   1
Postoperative pathology for neoplasm
   Adenoma   2
   Stage 0   2
   Stage Ⅰ 21
   Stage Ⅱ A 30
   Stage Ⅲ A   2
   Stage Ⅲ B 15
   Stage Ⅲ C   1
   Stage Ⅳ A   2
   Metastatic adenosquamous carcinoma   1

CAR: Compression anastomosis ring; TAH: Total abdominal hysterecto-
my; BSO: Bilateral salpingo-oophorectomy; VATS: Video-assisted thoracic 
surgery. 1Number in parenthesis is cases of conversion to open procedure.

CAR (n  = 79)

Premature enforced anastomotic disruption 1
Anastomotic leak 1

CAR: Compression anastomosis ring.

Lee JY et al . Compression anastomosis ring (CARTM 27)



ful colorectal surgery, search for the ideal concept of  
the anastomosis has been the subject of  surgical interest 
since the 19th century. The goal has been to devise an 
innovative method to eliminate the risk of  anastomosis-
associated leakage. The concept of  compression anas-
tomosis is that two bowel ends are compressed together 
by a sutureless device, preventing leakage and facilitating 
the natural healing process in the compressed region. 
The idea of  compression anastomosis was first devised 
by Denan who developed two metal rings kept in posi-
tion by a spring in a canine model in 1826. In 1892, 
Murphy[12] introduced “Murphy’s button,” which con-
sisted of  a pair of  metal rings that compressed circular 
segments of  intestine, leading to tissue necrosis. But it 
was not popular in clinical use because of  too tight com-
pression that led to peripheral ischemia and premature 
necrosis. It took another 100 years for a new compres-
sion anastomosis device to be put into wide use. In 
1985, Hardy et al[13] developed a biofragmentable anas-
tomosis ring (ValtracTM BAR; Covidien, Mansfield, MA, 
United States) which is made of  absorbable polyglycolic 
acid and radiopaque barium sulfate. To prevent tissue 
ischemia and to accommodate tissue thickness, margins 
of  two identical rings are scalloped in shape and three 
gap-widths in the closed position (1.5, 2.0 and 2.5 mm) 
are available. A number of  studies, including prospective 
randomized trials confirmed that the ValtracTM BAR was 
a safe and reliable compression anastomotic device in 
both elective and emergency surgery[14-17]; however, intra-
operative problems have been reported, including failure 
of  purse-string sutures, inappropriate selection of  the 
size of  the ValtracTM BAR with partial or full-thickness 
tear of  the bowel wall, and failure of  snap or shattering 
of  the device[16,17].

Stepping forward, a novel compression anastomotic 
device made of  nitinol (Nickel Titanium Naval Ordi-
nance Laboratory), a shape memory alloy of  nickel-
titanium was introduced recently. Nitinol has two physi-
cal properties: temperature-dependent shape memory 

and super-elasticity. When cooled down, it has lower 
mechanical properties and becomes pliable, and then it 
becomes stable and returns to its pre-deformed shape at 
room temperature[10]. Super-elastic leaf  springs made of  
nickel-titanium alloy are used in the NiTi CAR™ 27 in 
order to maintain a continuous pressure at the anasto-
mosis independent of  the thickness of  tissue within the 
anastomosis[11]. The reparative healing process outside 
the ring produces an intact anastomosis before detach-
ment and expulsion of  the ring, leaving no foreign mate-
rial within the body. The safety of  this device has been 
demonstrated in animal studies[9,18]. Compared to other 
compression devices clinically, distinctive theoretical mer-
its of  the Nitinol are that it can accommodate different 
thickness around the circumference of  the anastomosis 
and that it provides a constant, continuous, and uniform 
pressure over the pressed tissue along its compressing pe-
rimeter[19]. The CAR™ 27 was approved by the US Food 
and Drug Administration (FDA) for the use in intestinal 
anastomoses in August, 2006 and by the Korea FDA in 
May, 2009.

Clinical experiences with use of  the CAR™ 27 in co-
lonic anastomoses are still very scarce. Preliminary results 
of  a phase Ⅱ, prospective, clinical trial by D’Hoore et al[20]  
were promising. In 10 patients who underwent high an-
terior resection or left colectomy, no anastomotic leak-
age occurred, and only three patients noticed passage 
of  the ring through the anal canal. A recent prospective 
multicenter study comparing CAR™ 27 anastomosis 
(10 patients) with stapled anastomosis (13 patients) also 
demonstrated that the safety and efficacy of  colorectal 
anastomosis using the CAR™ 27 in human was compa-
rable to standard stapled anastomosis[19]. This study was 
first human multicenter trial but the sample size was too 
small to draw definite conclusions. The most recent non-
randomized, prospective pilot study of  the CAR™ 27 
device in 23 patients undergoing a left-sided colectomy 
experienced an anastomotic leakage in one patient (4.3%) 
and stricture in two (8.6%)[21]. The current study has the 
largest sample size ever presented, demonstrating clinical 
safety relevant to CAR™ 27 anastomosis in both laparo-
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Figure 2  Abdominal radiographs of the patient complicated by anasto-
motic leakage. A: Gastrografin study showed complete healing of the anasto-
motic leakage with the ring (arrow) retained at the anastomosis a week before 
ileostomy takedown; B: The ring was eliminated from the body spontaneously 
and was no longer seen on the radiograph nine days after the ileostomy clo-
sure. 

Figure 3  Colonoscopic view of the CAR™ 27 anastomosis at 6 mo. It 
showed complete healing with a wide and patent anastomosis. CAR™ 27: 
Compression anastomosis ring.
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scopic and open left-sided colectomies. A systemic review 
(Cochrane Database) of  nine studies involving 1233 pa-
tients (622 stapled and 611 hand-sewn) found that overall 
rate of  clinical leaks was 6.3% and 7.1%, respectively[22]. 
ValtracTM BAR instead of  staples is a standard method 
of  intraperitoneal colonic anastomosis in open surgery in 
our practice to minimize anastomotic stricture. The over-
all rate of  anastomotic leak after the ValtracTM BAR co-
lonic anastomosis in our series (632 patients) was 0.6%[23]. 
Compared to these results, leakage in one patient (1.3%) 
in this study implies that CAR™ 27 anastomosis is as safe 
and efficacious as conventional hand-sewn or stapling 
anastomosis. In addition, it is financially superior to end-
to-end (EEA) stapling device (around $324 vs $360).

Issues associated with the CAR™ 27 anastomosis 
may deserve mentioning. Our experience of  an intra-
operative total anastomotic disruption associated with 
premature enforced tension over the anastomosis might 
reflect learning-curve error. Since this experience, it is 
our technical policy to leave the CAR™ 27 anastomosis 
soaked in warm saline for a few minutes, allowing the 
ring to recover to body temperature. Tulchinsky et al[19] 
recommended digital removal of  the ring when it is not 
expelled spontaneously in a diverted patient. This seems 
to be an unnecessary maneuver. Moreover, in higher 
anastomosis from the anus, manual removal is not pos-
sible and forced instrumental removal of  the retained 
ring may be rather harmful. Although the ring was not 
expelled and retained during the diversion in the leaked 
patient in this study, there were no problems associated 
with the retained ring during the diversion (134 d), and 
it expelled spontaneously after the ileostomy closure. In 
this sense, no specific maneuver is necessary and resto-
ration of  fecal stream after takedown of  the diversion 
would be enough to eliminate the ring exteriorly.

To date, the clinical indication for the CAR™ 27 
anastomosis is restricted to high level anastomoses at 
or above the anterior resection and it is not indicated in 
low rectal or anal anastomoses. Considering its superior 
technologic properties, anastomosis using the CAR™ 27 
appears to be able to be performed safely in low anterior 
resection of  the rectum. In addition, further prospective 
large-scale studies might be imperative to determine if  
the CAR™ 27 anasomosis can be constructed safely in 
diseased bowel such as Crohn’s colitis, and if  it can be 
performed liberally in emergency surgery.

In conclusion, short-term evaluation of  the CAR™ 
27 anastomosis in patients undergoing laparoscopic or 
open elective left colectomy proved to be a safe and effi-
cacious alternative to the standard hand-sewn or stapling 
technique. Along with its technical superiorities, a pro-
spective large-scale clinical trial would confirm the valid-
ity of  the CAR™ 27 in diverse clinical settings.
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A secure anastomosis is a crucial step for successful colorectal surgery and the 
hand-sewn or stapling technique is currently the most common surgical stan-
dard method of anastomosis. However, both techniques inevitably leave foreign 
materials within tissue, evoking an inflammatory reaction, thus potentially result-
ing in a number of anastomosis-related adverse effects.
Research frontiers
To overcome safety limits in hand-sewn and stapled techniques, the concept 
of compression anastomosis is introduced. A novel compression anastomotic 
device (CAR™ 27), made of a shape memory alloy of nickel-titanium, has two 
peculiar physical properties: temperature-dependent shape memory and super-
elasticity.
Innovations and breakthroughs
This is the largest study to evaluate the safety, efficacy, and technical feasibility 
of the CAR™ 27 anastomosis in left-sided colon resection. Short-term evalu-
ation of the CAR™ 27 anastomosis in elective left colectomy is a safe and 
efficacious alternative to the standard hand-sewn or stapling technique. Among 
79 patients, only one (1.3%) was complicated by anastomotic leakage in one 
patient, and it is financially superior to stapling device. 
Applications
The study results suggest that the CAR™ 27 anastomosis can be applied 
both in laparoscopic and open left colectomy with safety. Despite encouraging 
results, clinical indication of the CAR™ 27 is, to date, limited to intraperitoneal 
anastomosis, and it is not indicated in low rectal or anal anastomoses. Con-
sidering its superior technologic properties, one of promising indications would 
be its use after a low anterior resection of the rectum. In addition, the potential 
expansion of its indications to patients with inflammatory bowel disease or with 
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Terminology
Temperature-dependent shape memory of the device is the property that it has 
lower mechanical properties and becomes supple when cooled down, and then 
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Peer review
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