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Abstract

Anastomotic leak following colorectal surgery can be a devastating adverse event. The
ideal stapling device should be capable of rapid creation of an anastomosis with serosal
apposition without the persistence of a foreign body or a foreign body reaction which
potentially contribute to early anastomotic dehiscence or late anastomotic stricture. A
systematic review was performed examining available data on controlled randomized and

non-randomized trials assessing the NiTi compression anastomosis ring—(NiTi CAR™)



(NiTi Solutions, Netanyah Israel) in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) standards. A protocol for this meta-
analysis has been registered on PROSPERO (CRD42016050934). The initial search
yielded 45 potentially relevant articles. After screening titles and abstracts for relevance
and assessment for eligibility, 39 of these articles were eventually excluded leaving 6
studies for analysis in the review. Regarding the primary outcome measure, the overall
anastomotic leak rate was 2.2% (5/230) in the compression anastomosis group compared
with 3% (10/335) in the conventional anastomosis group; this difference was not
statistically significant (RR 0.75, 95% CI 0.25-2.24; participants = 565; studies = 6;

£ =0%). There were no statistically significant differences between compression and
conventional anastomoses in any of the secondary outcomes. This review was unable to
demonstrate any statistically significant differences in favor of the compression

anastomosis technique over conventional manual or stapled mechanical anastomoses.
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Introduction

Anastomotic leak following colorectal surgery can be a devastating adverse event with an
incidence variably reported as between 3 and 39%, overall [1]. Systematic analyses have
identified some factors implicated in anastomotic dehiscence which are effectively out of
the control of the surgeon, such as patient age or comorbidity along with the tumor site,
size, and stage or the need for emergent surgery [2, 3]. By contrast, others have reported
the surgeon-related factors which correlate with anastomotic leakage implicating faulty
surgical technique, poor vascular supply, and excessive anastomotic tension [4, 5]. Over
the last three decades, a range of different materials has been used to perform
anastomoses with variations in stapling techniques showing equivalent anastomotic safety
when compared with hand-sewn techniques [6]. Beyond the question of the role of a
protective stoma, several modifications in anastomotic technique have been proposed in
order to minimize perioperative complications such as the use of peri-anastomotic
buttressing and sealant materials [7] or the utilization of biodegradable anastomotic stents

and external support devices [8]. The ideal stapling device should be capable of rapid



creation of an anastomosis with serosal apposition without the persistence of a foreign
body or a foreign body reaction which potentially contributes to early anastomotic
dehiscence or late anastomotic stricture [9].

Compression anastomosis as a sutureless anastomotic technique has been designed to
provide a method of entrapment of the ischemic ends of the transected bowel with
eventual sloughing and release of the compression rings into the fecal stream [10, 11].
The technology came into fashion in the 1980s with the reporting of favorable experimental
[12] and clinical data [13] by Hardy et al. using the Valtrac biofragmentable anastomotic
ring (BAR) system. The introduction of a biocompatible nickel-titanium (Nitinol—NiTi
Nickel Titanium Ordinance Laboratory) superelastic alloy with shape memory for use in the
compression device provides a material which can conform to a luminal shape and which
permits its crystal substructure to dynamically transform under different loads and
temperatures [14] Nitinol compression devices for colorectal anastomosis have been
designed as clip alloys (Compression Anastomosis Clip—CACTM NiTi Surgical Solutions,
Netanya Israel) or more commonly as a ring compression device (Compression
Anastomosis Ring—ColonRing™ or CAR™; NiTi Surgical Solutions, Netanya, Israel) [15].
In a recent study involving 16 countries and 178 treatment centers, Masoomi et al. [16]
have reported an overall anastomotic leakage rate of 3.22% in a cohort of 1180 patients
where the CAR device was used exclusively for construction of an end-to-end colonic or
colorectal anastomosis. This is the largest open-label assessment of this device so far
reported. In the present study, a systematic review has been conducted of the available
literature assessing anastomotic outcomes of controlled studies which have compared the
NiTi ColonRing™—CAR™ with a conventional stapled technique or hand-sutured
anastomosis in the colon or rectum. The primary outcome measure assessed was
anastomotic leakage, and secondary outcomes were, operative time, the time to the first
postoperative return to flatus, the time to resumption of diet, postoperative anastomotic

bleeding and costs, and the postoperative length of hospital stay.

Materials and methods

A systematic review was performed examining available data on controlled randomized
and non-randomized trials assessing the NiTi compression anastomosis ring—CAR Tm
(NiTi Solutions, Netanyah Israel) in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) standards [17]. A systematic literature



search was conducted using the PubMed search engine up until November 30, 2016,
employing the terms: “Nitinol’[All Fields] AND “surgery”[All Fields] AND “colon”[All Fields]
or “rectum” [in all fields]. All titles and abstracts of the considered studies were analyzed by
the group in order to select those focusing on compression anastomoses in colorectal
surgery. After this initial process, full-text papers were independently screened by two
authors for eligibility. When multiple articles were published from a single study group and
where overlapping study periods were reported, only the most recent article was
considered so as to avoid duplication of data [18]. The PubMed function “related articles”
was used to broaden each search, and the reference list of all potentially eligible studies
was analyzed. To minimize retrieval bias, a manual search method including the Science
Citation Index Expanded, Scopus, and Google Scholar databases was performed. The
final decision about eligibility was reached by consensus between the two screening
authors. All non-comparative trials and those studies where there was a mix of upper
gastrointestinal anastomoses and where colonic and colorectal anastomoses could not be
extracted were excluded from the analysis. Only studies which reported at least one of the
outcomes of interest in compression anastomoses using the Niti CAR—ColonRing™ for
colorectal surgery were considered, including comparative studies of both randomized
controlled trials (RCTs) and non-randomized controlled trials (non-RCTs). The data from
compression anastomoses and conventional stapled cases were matched. Data were
extracted by two authors based on an intention-to-treat principle. Any disagreement was
resolved through discussion with a reassessment of the data and/or by involving a senior
author.

For each study, the following information (where available) was extracted and
summarized: (1) author’s surname and year of publication; (2) country of the hospital in
which the procedures were performed; (3) study design; (4) number of patients; and (5)
underlying diseases. The primary outcome of interest in this systematic review was the
overall anastomotic leak rate as defined by the International Study Group of Rectal Cancer
: “Anastomotic leakage should be defined as a defect of the intestinal wall at the
anastomotic site (including suture and staple lines of neorectal reservoirs) leading to a
communication between the intra- and extra-luminal compartments” [19]. The severity of
anastomotic leakage was graded in accordance with the group’s recommendations namely
that “Grade A anastomotic leakage results in no change in patient management, Grade B
leakage requires active therapeutic intervention but is manageable without re-laparotomy

and Grade C anastomotic leakage requires re-laparotomy.” The following data were



considered as secondary outcomes: operative time, return of intestinal function, duration of
postoperative hospital stay, postoperative anastomotic bleeding, and costs. Outcomes
between compression and other types of anastomoses were compared. Methodological
quality assessment for RCTs was performed by two authors (RC, IA), who independently
assessed the methodological quality (risk of bias) of the study using the instructions and
the items given in the Cochrane Handbook for Systematic Reviews of Interventions [20].
The items regarding the risk of bias included sequence generation and allocation
concealment for selection bias [21], blinding of participants or personnel for performance
bias [21], blinding of outcome assessors for detection bias [21], incomplete outcome data
for attrition bias [22], and selective reporting bias [23]. Otherwise, the methodological
quality assessment for non-RCT comparative studies was carried out using the modified

grading system of the Scottish Intercollegiate Guidelines Network (SIGN) [24].
Statistical analysis

Analysis was performed using the Review Manager version 5.0 software package
(Copenhagen: Nordic Cochrane Centre, Cochrane Collaboration, 2011). Quantitative
statistical analysis for dichotomous variables was carried out using the Mantel-Haenszel
method with the risk ratio (RR) as the summary statistic. Weighted mean differences
(WMD) were used as the summary statistic for quantitative analysis of continuous
variables. Both the RR and WMD values were reported with 95% confidence intervals (Cl).
For those studies comprising continuous data, the mean and standard deviation were
calculated using the methods described by Hozo and colleagues [25]. Clinical
heterogeneity was tested by means of the £ value where a value exceeding 50% was
indicative of heterogeneity and where when detected, a random-effects analysis was
performed. This assumes that the effects estimated in different studies are not identical so
that the center of the distribution describes the average effects and the width the degree of

heterogeneity. A p value <0.05 was considered statistically significant.

Results

The PRISMA flow diagram for the systematic review is presented in supplemental digital
content (SDC) 1. The initial search yielded 45 potentially relevant articles. After screening

titles and abstracts for relevance and assessment for eligibility, 39 of these articles were



eventually excluded leaving 6 studies for analysis in the present review. The
characteristics of the studies analyzed are shown in SDC 2. Each report was published
between 2010 and 2014. Four of the articles [26, 27, 28, 29] were written in English and 2
in Chinese [30, 31]. Two studies were RCTs including 107 patients comparing a NiTi
compression clip with conventional staplers [30, 31] while the other 4 studies were either
retrospective (recruiting 253 patients) [28, 29] or prospective (recruiting 205 patients) [26,
27] clinical controlled trials (CCTs). Overall, the studies included a total of 565 patients
who underwent colorectal resection. Of these, 230 patients (40.7%) had a compression
anastomosis, whereas 335 patients (59.3%) had a conventional anastomosis. Of the total,
339 patients (60%) were operated upon in Korea, 107 patients (19%) in China, 96 (17%) in
Austria, and 23 (4%) in Israel. The majority of patients had colorectal cancer (506 patients,
89.6%), whereas 1.6% of patients (9 patients) had documented benign disease. The type
of pathology for which the resection was performed was not recorded in 8.8% of cases (50
patients).

There was no significant difference in the median ages of patients from the different
geographic areas. The body mass index (BMI) and ASA (American Society of
Anesthesiologists) scores were only reported in 2 trials incorporating 253 patients, with the
BMI ranging between 23.8 and 24.7 kg/mZ2. For these data, 44.3% (n= 112) of patients
were categorized as ASA grade |, 49.8% (n = 128) as ASA grade Il, and 5.9% (n= 15) as
ASA grade Ill (SDC 3). Four of the studies were performed in a single center with one
multi-institutional study involving 4 centers in total. Between these studies, there were no
differences concerning age, ASA score, or BMI in the enrolled patients, although there
were more men than women overall (SDC 3). SDC 4-5 show the technical aspects of
resection (laparoscopic vs. open) and anastomotic type. Four studies reported the
oncological characteristics of the patients enrolled (SDC 6). These trials were too small to
detect an intervention effect (or publication bias) for the analyzed outcomes (range per
study: 28-172 patients). The surgical technique varied greatly between studies with
differences in the incidence of mobilization of the splenic flexure, the utilization of a
protective stoma, and the distance of the anastomosis from the anal verge (ranging from
6-21.4 cm). Only Dauser et al. [28] selectively performed a protective stoma (in 81.6% of
compression anastomosis cases vs. 70.7% of conventional anastomoses). The patients
who underwent compression anastomosis had a lower cancer stage than patients who
underwent conventional anastomosis. No study reported details either of its financial

support or concerning any potential conflict of interest.



We considered the 2 RCTs to have a moderate risk of bias . The methods of random
sequence generation and allocation concealment were adequately reported only in one
study, and blinding was not possible (SDC 7-8). The methodological quality assessment
for each of the 4 included CCTs was considered as “fair” with a mean score of 10.5/20
points. In this grading system, <8 was considered poor quality, 8-14 represented a study

paper of fair quality, and >15 was deemed a study of good quality (SDC 9).

Findings

Of the primary outcome measures analyzed, the overall anastomotic leak rate (which was reported
in all the trials) was 2.2% (5/230) in compression anastomosis group compared with 3% (10/335) in
the conventional anastomosis group. This difference was not statistically significant (RR 0.75, 95%
CI0.25 to 2.24; participants = 565; studies = 6; I = 0%) (Fig. 1). Subgroup analysis was not
possible for the different grades of severity of anastomotic leak as only Dauser et al. [28] reported
different leakage grades. Four studies reported the mean length of postoperative hospital stay, and
overall, there was not a statistically significant different between the two groups (MD —0.05, 95%
CI—0.56 to 0.46; participants = 312; studies = 4; I* = 0%) (Fig. 2). Only 2 trials reported the time to
of flatus, and there was no statistically significant difference between the studies (MD 0.12, 95% CI
—0.37 to 0.61; participants = 130; studies = 3; I = 18%) (Fig. 3). These same two studies also
reported the time to the resumption of normal oral intake showing no significant difference between
the groups (MD —0.17, 95% CI —0.58 to 0.25; participants = 130; studies = 3; I* = 0%) (Fig. 4).
There was, furthermore, no statistically significant difference in the rate of postoperative bleeding
between the groups (RR 0.30, 95% CI0.01 to 6.08; participants = 253; studies = 2; I* = 0%) (SDC
10). Neither postoperative stenosis nor obstruction were not observed in either of these groups. No
trial reported any information concerning a cost differential between the operative techniques

examined.

Fig. 1



Anastomotic leak data

CAR Stapler Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Dauser 2013 2 38 7 58 51.4% 0.44[0.10,1.99) G
Hua 2011 0 26 0 25 Mot estimable
Koo 2011 1 66 o 116 11.7% 5.24[0.22,126.80] +
Kwang 2014 1 63 2 94 209% 0.75[0.07, 8.05)
Li 2011 1 27 1 29 16.0% 1.07 [0.07,16.33]
Tulchinsky 2010 0 10 0 13 Mot estimable
Total (95% CI} 230 335 100.0% 0.75 [0.25, 2.24] e
Total events 5 10
o 2 - = - - - ; 1 .
Heterogeneity: Tau = 0.00; Chi*=1.99,df=3(P=057); F=0% 0.01 o1 10 100
Test for overall effect Z= 0.51 (P = 0.61) Favours CAR Favours Stapler
Fig. 2
Length of hospital stay data
CAR Stapler Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Hua 2011 55 15 26 56 21 25 260%  -0.10[1.11,091] -
Koo 2011 T 4 66 7 28 116 1.0% 0.00[-5.19,5.19]
Li 2011 108 2.7 27T 104 34 29 102% 0.40[-1.20, 2.00] i
Tulchinsky 2010 28 09 10 29 086 13 628%  -0.10[-0.75, 0.55]
Total (95% ClI) 129 183 100.0%  -0.05 [-0.56, 0.46]
Heterogeneity: Tau®= 0.00; Chi*= 0.34, df= 3 (P = 0.95); *=0% E1|] '5 S é ‘Il].
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Fig. 3
Time to return of flatus
CAR Stapler Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hua 2011 4 13 6 35 1.7 25 291% 0.50 [-0.33,1.33]
Li 2011 32 12 27 35 14 29 40.3% -0.30 [-0.98, 0.38]
Tulchinsky 2010 36 11 10 33 08 13 306% 0.30 [-0.51,1.11]
Total (95% CI) 63 67 100.0% 0.12 [-0.37, 0.61]
Heterogeneity: Tau®= 0.03; Chi*= 2.44, df= 2 (P=0.29); = 18% E1[| ;5 5 5 m
Test for overall effect. £=0.47 (P =0.64) Favours CAR Favours Stapler
Fig. 4

Time to return of oral intake



CAR Stapler Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Hua 2011 55 15 26 56 21 25 17.0%  -0.10[1.11,091]
Li 2011 4 14 7 43 1.3 29 342%  -0.30[1.01,041)
Tulchinsky 2010 28 08 10 29 086 13 488%  -0.10[-0.69,60.49)
Total (95% Cl) 63 67 100.0% -0.17 [-0.58, 0.25]

Heterogeneity: Tau®= 0.00; Chi*= 0.20, df= 2 (P = 0.90); = 0%

Test for overall effect. Z= 080 (P =10.43) -10 5 0 5 10

Favours CAR  Fawvours Stapler

Discussion

This analysis has shown no significant difference between compression colorectal
anastomoses and conventional manual or stapled mechanical anastomoses as regards
the anastomotic leak rate, the length of postoperative hospital stay, the time to the first
postoperative flatus, or the resumption of oral intake. Some risk factors for anastomotic
leakage are effectively out of the control of the surgeon [32] with only the technique of
anastomotic construction or the selective use of proximal diversion potentially capable of
influencing anastomotic dehiscence rates. Conventional circular staplers have similar leak
rates when compared with hand-sewn anastomoses [33] and with the introduction of the
early compression anastomotic devices (the AKA-2 and the biofragmentable anastomotic
ring (BAR)), similar results were obtained when compared with conventional staplers [9,
12, 13]. These initial devices were, however, unsuitable for laparoscopic use or for low
anterior resection; a disadvantage solved with the introduction of the ColonRing TM device
[34]. Acceptable clinical results with the ColonRing TM instrument were supported by
preliminary animal experimentation [35, 36] with diminished peri-anastomotic foreign body
response and significantly less scarring or measurable narrowing of the anastomotic line.
In 2014, Berho and colleagues reported their results of a blinded comparative study which
examined the histopathologic features of colorectal anastomoses in a porcine model
comparing the compression and conventional staple techniques [37]. Semiquantitative
data showed a clear reduction in foreign body reactivity with less scarring and an
attenuated inflammatory response in the compression anastomosis group.

The Nitinol ColonRing™ is a particularly novel extension of compression technology
adapted from its deployment as a biocompatible cardiac stent [38] and translated for
colorectal use [39]. These devices take advantage of a structural memory alloy which
permits the temperature-dependent transformation of shape within anastomoses. Despite
these theoretical advantages, such an analysis has several significant limitations, many of

which are logistical in nature. Firstly, the studies in this review are small with considerable



heterogeneity concerning the definition and diagnosis of an anastomotic leak. Such study
heterogeneity is the principal reason along with patient selection bias why this type of
analysis should be viewed with caution. Secondly, 5 out of 6 of the trials included in this
review were single-center studies resulting in a separate bias where there is typically a
tendency to show a larger treatment effect and where smaller sample sizes are often
underpowered [40]. These effects can be compounded in some surgical domains
rendering the performance of RCTs comparatively difficult. In this respect, it has been
suggested by Turner et al. that underpowered studies form the data repository of most of
the Cochrane systematic reviews [41]. Despite these caveats, in a pool of over 500
patients who were almost equally distributed, only 10 patients (4 in the compression group
and 6 in the conventional stapled group) actually experienced the most severe
complication of an anastomotic leak. Although this analysis resulted in the impression that
the type of anastomosis has no effect on the rate of dehiscence, the small number of
discrete events makes interpretation difficult. Here, the meta-analytic method itself when
applied to small subgroups has the potential to overestimate the effect of a particular
intervention [42]. This statistical component can contribute significantly to bias and may be
just as important in subgroup interpretation as the more traditionally identified biases
inherent in the publication process as well as in its methodology and in outcome reporting
[43].

Equally critical in this type of analysis is any consideration of the construction of an extra-
peritoneal rectal anastomosis where the anastomotic leak rate is moderately high [44] and
where a meaningful reduction in leakage rates imposed by compression anastomosis
would significantly impact the utility of a protective stoma. In our analyses, there was also
no estimation of stricture risk imposed by the generally small set of patients in any given
study and by the lack of a delayed assessment or standardization of the definition of what
represents an anastomotic stricture [45, 46]. There are currently no data concerning the
use of a specialized air balloon catheter for intraoperative manometric measurement of the
tightness of compression anastomosis and its effect on early or delayed anastomotic
complications [47]. An ideal anastomosis should result in sufficient strength diminishing the
risk of leakage at the exact time when there is an expected maximal histopathologic
weakness and there should be a fine balance between the minimal amount of foreign body
responsiveness necessary to permit a safe anastomosis and exuberant reactivity. This
balance should aim to maintain technical safety over all with a likely reduction in the

incidence of delayed stricture formation. The principles of colorectal anastomoses are



essentially the same regardless of technique, where an adequate blood supply, an
absence of tension, incorporation and apposition of the serosa as a principal component
for anastomotic integrity, formation of a watertight seal, and maintenance of a functional
lumen are the essential components for satisfactory anastomotic healing. Although the
limited data do not support compression anastomoses over other anastomotic techniques,
there are several theoretical advantages of the compression technology.

Firstly, the ColonRing™ device has a specific orientation and geometry of its spring-leaf
metal prongs for bowel wall fixation which should result in a diminished chance of slippage
during axial bowel movement [48]. This feature should reduce the likelihood of early
anastomotic dehiscence as it shortens the lag phase of anastomotic healing at a time
when intrinsic collagenase activity is at its maximum and where anastomotic strength is at
its weakest [49]. This is supported by a higher bursting strength of Nitinol anastomoses in
a porcine model when compared with conventional double-stapled anastomoses in the
early lag phase but not after two weeks [36]. Secondly, compression devices have a
further advantage of being able to automatically adjust for variable tissue thickness of the
bowel wall ends, drawing the anastomotic line inwards during the compression phase.
Thirdly, the distribution of tensile forces on the anastomosis itself is more symmetrical and
less likely to impose any localized effect of undue stress, ischemia, or collagenase
activation [50]. In non-compression techniques, this will have a more critical effect on
individual sutures or staples with further potential advantage in compression anastomoses
where the springs in the Nitinol ring will compensate better than staples for a thicker rectal
wall [51].

Our systematic review differs from other analyses such as that recently published by Li et
al. who examined all types of nickel-titanium memory-shape devices in a range of
gastrointestinal anastomoses. Their review incorporated 8 RCTs (7 RCTs using
compression anastomosis clips and one RCT utilizing the ColonRingTM anastomosis) [52]
with a very heterogeneous range of anastomotic types (3 RCTs with side-to-side
gastroenterostomy, one RCT side-to-side jejunojejunostomy, 3 side-to-side colonic
anastomoses, and one end-to-end colorectal anastomosis). In contrast to our study, this
reporting group found a significant reduction in postoperative hospital stay, time to flatus,
and the start of oral intake in those patients treated with the CAC device, although there

were no differences in the ColonRingTM anastomosis group.



Conclusions

Even though only 6 studies were analyzed in this paper, 5 had significant selection bias

with considerable heterogeneity in their operative approaches. This analysis suffers from a

data pool which has been derived from relatively low-level evidence studies. It is

anticipated that larger prospective RCTs comparing compression anastomoses with other

techniques and controlling for the operative approach (open vs. laparoscopic) and the

anastomotic site (distance from the anal verge) will be needed in order to determine

whether compression technology offers any distinct clinical advantages.
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