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Abstract
Purpose  C-REX is a novel instrument for creating stapleless colorectal anastomosis by compression. The aim of this study 
was to evaluate the feasibility and effectiveness of C-REX in open and laparoscopic high anterior resections.
Methods  A prospective clinical safety study on 21 patients reconstructed with C-REX colorectal anastomosis following high 
anterior resection of the sigmoid colon using two different devices for intraabdominal (n = 6) or transanal (n = 15) placement 
of the anastomotic rings. Any signs of complications were prospectively monitored by a predefined protocol. Anastomotic 
contact pressure (ACP) was measured via a catheter-based system, and time for evacuation of the anastomotic rings by the 
natural route was noted. Blood samples were collected daily, and flexible endoscopy was performed postoperatively to 
examine macroscopic appearance of the anastomoses.
Results  One of six patients operated with the intraabdominal anastomosis technique with an ACP of 50 mBar had to be 
reoperated because of anastomotic leakage. None of the 15 patients operated with the transanal technique (5 open and 10 
laparoscopic procedures) had anastomotic complications, and their ACP ranged between 145 and 300 mBar. C-REX rings 
were uneventfully expelled by the natural route in all patients after a median of 10 days. Flexible endoscopy showed well-
healed anastomoses without stenosis in 17 patients and a moderate subclinical stricture in one patient.
Conclusion  These results indicate that the novel transanal C-REX device is a feasible and effective method for colorectal 
anastomosis following high anterior resections, irrespective of open or laparoscopic approach. Moreover, C-REX allows 
measurement of intraoperative ACP and thereby a quantitative evaluation of the anastomotic integrity.
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Introduction

Stapel devices were first introduced in surgery by Hümer 
Hültl in 1908 and Aladár Petz in 1924 [1]. More refined 
stapling instruments were developed in Russia in the fif-
ties, and these instruments were later modified further by 
Mark Ravitch in the 1970s to facilitate colorectal anasto-
moses [2, 3]. Since then, several modifications have been 
undertaken, and circular stapling devices constitute today a 
cornestone in rectal cancer surgery. However, anastomosis-
related complications are still a major problem in stapled 

colorectal anastomoses. Anastomotic leakage (AL) is the 
most feared one, occurring in approximately 10–20% [4–10] 
and has severe impact on both patient recovery and onco-
logical outcome [11–15]. The cause of leakage is most likely 
multifactoral, depending on complex interactions between 
the surgical procedure and patient characteristics. Technical 
failures of the anastomosis due to surgical disruption of the 
blood supply or tension at the anastomotic site are well-
known causes of leakage [16]. Another potential cause is 
related to foreign body reaction in the anastomosis as sutures 
and staplers cause local inflammation which can disturb 
healing through excessive breakdown of collagen [17–20].

As an alternative to stapler devices, anastomotic compres-
sion devices have been developed, which leave no foreign 
body material in the anastomosis [20–24]. Among them are 
the most well-known Murphy’s button and Valtrac BAR, 
of which the Valtrac BAR has been reported in numerous 
studies as feasible and safe, but is cumbersome to use and 
has been abandoned [21–27]. Recently, a novel compression 
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anastomotic device called CARP (compression anastomotic 
ring-locking procedure) has been introduced [28]. CARP 
allows not only a stapel-free anastomosis, but has also four 
built-in catheters enabling measurement of the intraopera-
tive anastomotic contact pressure (ACP) and postoperative 
monitoring of potential leakage [28, 29]. This makes CARP 
a unique device with capacity to quantify anastomotic integ-
rity. A previous study showed that CARP was effective and 
safe in left-sided colo-colic anastomoses in patients under-
going resection of the sigmoid colon [29]. However, the 
CARP device is limited to open surgery and has now been 
modified in order to be used in minimally invasive proce-
dures and for transanal rectal anastomoses. This new instru-
ment is named C-REX (colorectal anastomosis; rejoin the 
intestine and validate the anastomosis; extract samples for 
analysis; X-ray through connected catheters) and includes 
one device adopted for intraabdominal anastomoses (LapAid 
with LapAid, LL) and one device adopted for transanal anas-
tomoses (LapAid with RectoAid, LR).

Based on the considerations above, the aim of this study 
was to evaluate the safety and efficacy of C-REX (LL and 
LR) in open and laparoscopic surgery and transanal for-
mation of colon-to-rectum anastomosis in high anterior 
resection.

Material and methods

Study design

A non-randomized prospective safety study on patients 
undergoes open or laparoscopic high anterior resection 
with a colorectal anastomosis below the sacral promontory 
10–12 cm above the anal verge. The inclusion criteria were 
patients ≥ 18 years undergoing resection due to confirmed 
or suspected adenocarcinoma in the sigmoid colon, having 
a cognitive ability to take part in the study and understand 
oral and written study information. All patients signed a 
written consent of participation. Exclusion criteria were 
American Society of Anesthesiologists (ASA) score ≥ IV, 
albumin level < 25 g/L, stage IV colorectal cancer, emer-
gency surgery, concurrent inflammatory bowel disease, or 
treatment with immunosuppressive medications (other than 
NSAIDs) less than 4 weeks prior to surgery. All procedures 
were conducted in accordance with the Helsinki declaration 
on ethical principles for medical research involving humans. 
The study was approved by the Regional Ethical Committee 
at Lund University, Sweden (2019–00,978).

Patients

Twenty-one patients (16 males and 5 females) were 
included. Oral bowel preparation was performed the day 

before surgery with 2 L of sodiumpicosulphate solution 
(Picoprep, Ferring Läkemedel AB, Malmö, Sweden). Hos-
pital routines according to a local ERAS concept were 
followed regarding antibiotic prophylactics (preoperative 
1.5 g metronidazole and 800 mg sulfamethoxazole/160 mg 
trimethoprim orally), postoperative pain management (epi-
dural anesthesia in open surgery and spinal anesthesia in 
laparoscopic surgery), and postoperative mobilization. 
However, the patients received only liquid diet the first 5 
postoperative days. Patient demographics were collected, 
including ASA score, comorbidities, and body mass index 
(BMI). Ligation of arteria mesenterica inferior was per-
formed below the left colic artery branch in all patients. 
The size of the instrument used was recorded, as was the 
type of pairs of the C-REX device used (LapAid with 
LapAid (LL) for intraabdominal use or LapAid with Rec-
toAid (LR) for transanal use). Thus, two different device 
systems (LL and LR) were used for intraabdominal and 
transanal formation of colorectal anastomoses. ACP was 
measured three times after completion of the anastomosis, 
and the mean pressure value was used. Daily postopera-
tive blood samples were collected for analysis of white 
blood cell (WBC) counts and C-reactive protein (CRP). 
The duration of surgery, time to return of bowel func-
tion, and time for expulsion of the anastomotic C-REX 
rings by the natural route were noted. Any adverse events, 
including AL, were recorded. The length of stay was pre-
determined to be 6 days according to study protocol. All 
patients were followed up 4 to 5 weeks after surgery for 
clinical evaluation and information on pathological find-
ings. Postoperative adjuvant treatment was given accord-
ing to local routines. In addition, macroscopic appearance 
of the anastomosis was examined by flexible endoscopy 
4–25 weeks postoperatively.

C‑REX device

The C-REX device is a refined CARP device [28, 29] 
enabling the use of minimally invasive surgery as well 
as transanal construction of a colorectal anastomosis. 
In brief, the C-REX is a snap-locking device, where the 
bowel ends are held together by a proximal and a distal 
ring. The C-REX anastomosis forms an oval contact sur-
face area separated from the point of necrosis to increase 
the healing area in the anastomosis (Fig. 1A). As shown 
in the figure, the C-REX device contains four built-in 
catheters in connection to the anastomotic space, running 
from the anastomosis via the distal bowel segment and 
protruding through the anus (3 of 4 catheters visible in 
the figure). This catheter system enables measurement of 
the intraoperative ACP without X-ray as well as postop-
erative monitoring of anastomotic integrity with X-ray. 
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Fig. 1   A cross section of a 
C-REX colorectal anastomosis 
after the RectoAid instrument 
has connected the proximal and 
distal C-REX rings together 
(A). The bowel wall is anchored 
between the silicon rings (blue 
arrows) and the anastomotic 
rings. The C-REX anastomosis 
contains four built-in catheters 
(white arrows) in connection 
to the anastomotic space, run-
ning from the anastomosis via 
the distal bowel segment and 
protruding through the anus. 
This catheter system enables 
measurement of the intraop-
erative anastomotic contact 
pressure and postoperative 
monitoring of the anastomotic 
integrity. The middle figure 
shows the LapAid-RectoAid 
pairs of the C-REX device and 
their associated catheters (B). 
The RectoAid instrument is 
similar in appearance as the 
circular staple instrument with 
its curved design. The lower 
figure shows the specific test 
device used for measuring 
the best suitable mean size of 
the C-REX rings (26, 29, and 
32 mm) during the anastomotic 
construction (C)
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When constructing a C-REX anastomosis, the two bowel 
ends are folded around the anastomotic rings, which are 
snapped into the C-REX device. There are two specific 
instruments for placing the anastomotic rings into the 
bowel lumen, the LapAid instrument to be used intraperi-
toneally, and the RectoAid instrument for transanal use 
(Fig. 1B), and also a specific test device for measuring 
the best suitable size of the C-REX rings (Fig. 1C). These 
instruments are used in pairs when constructing the anas-
tomosis. For totally intraabdominal construction, LapAid 
instrument is used for placement of anastomotic rings in 
both bowel ends (LL-technique). In transanal anastomosis 
construction, LapAid is used for the proximal bowel end, 
whereas the RectoAid instrument is used transanally (LR-
technique) (Supplementary Fig. 1). RectoAid is similar 
in appearance to circular stapler devices used in common 

practice today with an anvil to be placed in the proximal 
bowel end and connected to the transanally introduced 
instrument (Fig. 2A and B, and Supplementary Fig. 1). 
The staple lines in the transected bowel ends are removed 
before placement of the C-REX rings, and the staple line 
in the transected rectal stump should be carefully invagi-
nated into the distal anastomotic C-REX ring if possible 
and thus removed at firing of the RectoAid instrument. 
After construction of the C-REX anastomosis, the ACP is 
determined by infusing air into the catheters while simul-
taneously measuring the pressure with a manometer until 
infused air starts to leak from the anastomosis, creating 
an abrupt drop in pressure defined as intraoperative ACP 
(Fig. 2C). Anastomotic integrity can be determined by 
radiology postoperatively by infusing water soluble con-
trast via the catheters [28, 29].

Fig. 2   The C-REX ring in place in the proximal bowel end after its 
placement with the help of the LapAid instrument (A). The picture 
shows the proximal C-REX ring before and after the insertion of the 
anvil part (B). ACP is determined by infusing air via the catheter 

system and simultaneously measuring of the contact pressure (C). 
Appearance of air bubbles from the submerged anastomosis indicates 
ACP
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The CREX-device is made in three different mean 
sizes (26, 29, and 32 mm). The 29-mm C-REX device, for 
example, creates an anastomosis with an inner diameter 
of 20 mm when the anastomotic rings are still in place, 
but has an outer diameter of 37 mm, hence the mean size 
diameter of 29 mm (Fig. 3A). When the anastomotic rings 
detach during the healing process by necrosis, the C-REX 
anastomosis theoretically gains its final shape and acquires 

a lumen that corresponds closer to the outer diameter of 
the anastomotic rings (Fig. 3B–D).

Statistics

Non-parametric statistical methods and concepts were used, 
and range, medians, and quartiles (Q) are presented.

Fig. 3   The CREX-device exists in three different mean sizes of 26, 
29, and 32  mm. The 29-mm C-REX device creates an anastomosis 
with an inner diameter of 20 mm when the anastomotic rings are still 
in place, but has an outer diameter of 37  mm (A). When the anas-
tomotic rings have detached, the C-REX anastomosis gains its final 
shape and acquires a lumen that corresponds closer to the outer diam-
eter of the anastomotic rings. B–D The timeline of the healing pro-

cess with progressing necrosis of the bowel wall being compressed 
between the anastomotic silicon rings (black arrows), until the rings 
detach from the newly constructed anastomosis and are expelled 
through the natural route. The C-REX anastomosis forms an oval 
contact surface area separated from the point of necrosis to increase 
the healing area in the anastomosis
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Results

Twenty-one patients were included and anastomosed with 
the C-REX devices. The first 11 patients were operated 
with open approach and the following 10 patients lapa-
roscopically. One laparoscopic procedure was converted 
to open surgery due to extensive adhesions. The first 6 
patients were anastomosed intraabdominally with the LL-
technique and the following 15 patients transanally with 
the LR-technique.

Patient age ranged between 46 and 85 years (median 72). 
BMI varied between 18 and 30 (median 26). Three patients 
had an ASA score of 1, fourteen a score of 2, and four a 
score of 3. The most common comorbidities included hyper-
tension (9 patients), cardiovascular disease (7 patients), and 
diabetes mellitus (4 patients) (Table 1).

Two board-qualified surgeons performed all operations 
as partial mesorectal excision (PME), with an anastomosis 
constructed below the sacral promontory 10–12 cm above 
the anal verge. Duration of surgery ranged between 152 
and 300 min (median 209). The size of the C-REX device 
was selected intraoperatively, where the 26-mm anasto-
motic rings were used in fourteen cases, the 29-mm rings 
in six and the 32 mm-rings in one case.

The six patients operated with the LL-approach had 
an ACP ranging between 50 and 180 mBar (median 95 
mBar). The first patient operated had an ACP of 50 mBar 
and developed an anastomotic leakage, which was diag-
nosed and reoperated on postoperative day (POD) 7. The 
reoperation revealed that the C-REX anastomotic rings 
were not completely closed manually by the surgeon 
(Supplementary Fig. 2). After this event and considering 
the results of the previous CARP study with ACP rang-
ing between 85 and 280 mBar without anastomotic leak-
age [29], a minimum limit of ACP of 85 mBar was set to 
proceed with the C-REX technique. Hence, two further 
patients operated with the LL-approach with an ACP of 50 
and 60 mBar, respectively, were converted to conventional 
stapled anastomoses.

None of the 15 patients operated with the transanal LR-
technique developed anastomotic leakage. ACP ranged 
between 145 and 300 mBar (median 250 mBar). One patient 
operated laparoscopically was reoperated on POD 7 because 
of small bowel herniation at one of the port sites, managed 
through the port hole opening, after which the patient recov-
ered uneventfully. One patient suffered a transient ischemic 
attack 4 weeks after surgery, and one patient was readmitted 
2 weeks after the procedure because of small bowel obstruc-
tion that resolved with conservative treatment.

The median time to return of bowel function as indi-
cated by the first defecation was 2 days, with a range of 
1–8 days. The C-REX anastomotic rings were spontane-
ously expelled through the natural route after 7–19 days 
(median 10 days). Length of stay was 6 days, but the two 
patients reoperated due to port side hernia and anastomotic 
leakage were discharge from hospital POD 12 and POD 
16 respectively.

For both open and laparoscopic procedures, CRP and 
WBC counts peaked on POD 2. Peak CRP values were 
higher after open surgery with a median CRP of 187 mg/L 
compared with a median CRP of 69 mg/L following lapa-
roscopic surgery (Fig. 4). Patients with adverse events had 
biphasic CRP curves compared with uniphasic CRP curves 
in patient without.

Flexible endoscopy was performed in 18 patients with 
the C-REX anastomosis 4–25 weeks after surgery (median 
12 weeks) and showed well-healed anastomoses without 
signs of pathological inflammation or stenosis in seven-
teen patients (Fig. 5), whereas one patient had a moderate 
stricture without any clinical symptoms.

Discussion

This study evaluated the feasibility and efficacy of the 
novel C-REX device in colorectal anastomoses follow-
ing high anterior resections. The C-REX device is based 

Table 1   Patient characteristics

ASA American society of anesthesiologists, BMI Body mass index, 
HTN Hypertension, DM Diabetes mellitus, AF Atrial fibrillation, TIA 
Transient ischemic attack, CVI Cerebral vascular insult

Patient ASA score BMI Comorbidities T-stage

1 2 22 HTN, DM T3c
2 1 18 Hypothyroidism T3b
3 2 26 None T3b
4 2 29 HTN, AF, TIA T3c
5 3 28 AF, CVI T3b
6 2 30 HTN T1sm2
7 2 26 DM, TIA T3a
8 2 29 None T4a
9 3 25 HT, AF Adenoma
10 2 27 HTN T4a
11 2 28 DM T2
12 2 25 Hypothyroidism T3b
13 2 28 HTN T3a
14 2 22 Temporal arteritis T2
15 2 27 None T2
16 1 24 None T3a
17 3 24 HTN, AF, TIA Adenoma
18 2 26 HTN, DM, single kidney T4a
19 1 27 None T1sm2
20 2 25 HTN T3b
21 3 22 AF T1sm1
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on compression-induced anastomotic healing. This new 
instrument has been developed based on its predecessor 
CARP [28, 29]. In contrast to CARP, which was limited 
to open surgery and colonic anastomosis, C-REX has 
been developed to enable both laparoscopic surgery and 
transanal formation of rectal anastomoses. The main find-
ing herein is that transanal formation of anastomoses using 
C-REX is feasible and effective in patients undergoing 
high anterior resection.

AL is the most feared complication in colorectal sur-
gery, and the incidence of AL has remained high despite 
refinement of staple devices and use of diverting stomas 
[4–15]. The underlying mechanisms of AL are not fully 
known but are probably multifactorial. One hypothesis 
has been related to foreign body reaction and anastomotic 
inflammation [17–20] but also local ischemia and tension 
created by sutures or staples. To avoid this, the concept 
of compression-based anastomosis has evolved [21–24]. 

Fig. 4   Distribution of the C-reactive protein (CRP) values after open 
and laparoscopic high anterior resections with C-REX colorectal 
anastomoses. The distribution is shown with boxes and whiskers plots 
with range, Q1, median, Q3, and IQR. The boxes show 25–75% range. 

The whiskers show the total range. The horizontal line in the box is 
the median value. Outliers are shown as dots. There are no extreme 
values. POD, postoperative day

Fig. 5   Patients underwent a 
flexible endoscopy 4–25 weeks 
after the C-REX surgical 
procedure (median 12 weeks). 
This figure shows images of 
the C-REX anastomosis in two 
patients, showing a well-healed 
anastomosis without signs of 
inflammation or stenosis. The 
white arrows point at the anas-
tomotic line
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In fact, compression anastomoses have been shown to 
be at least comparable to standard suturing and stapling 
techniques in terms of adverse events in colorectal sur-
gery [21–27]. We have recently reported that CARP is a 
safe and effective compression device for making colonic 
anastomosis in patients [29]. C-REX has been developed 
based on the CARP concept in order to allow laparoscopic 
and transanal formation of colorectal anastomosis. As with 
the CARP device, the C-REX technique enables measure-
ment of intraoperative ACP, which provides the surgeon 
with immediate intraoperative feedback on the compres-
sion pressure of the anastomosis.

The ACP was simple to measure via the catheter sys-
tem of the C-REX device in all the rectal anastomoses in 
the study. The LL-technique was cumbersome to use for 
colorectal anastomosis below the sacral promontory, as it 
requires manual completion by connecting both anasto-
motic rings together with a click maneuver. To perform this 
maneuver, both hands of the surgeons must fit into the pel-
vis. One of the six patients operated with the LL-technique 
suffered an AL due to inadequate manual compression 
of the rings. Notably, this patient had an ACP of only 50 
mBar. Thus, after this event and considering the results of 
a previous CARP study, reporting ACP ranging between 85 
and 280 mBar without any anastomotic leakage [29], we 
applied an intraoperative ACP of minimum 85 mBar for all 
further C-REX anastomosis herein. Two subsequent patients 
anastomosed with the LL-technique had an ACP of 50 and 
60 mBar, respectively, and were consequently converted to 
stapled colorectal anastomosis. The remaining three patients 
with an ACP above 85 mBar were anastomosed with the LL-
technique and had no anastomotic leakage. This shows the 
potential of the C-REX system to quantify the intraoperative 
contact pressure in the anastomosis in order to select optimal 
surgical strategy.

Due to operator-dependent closure using the LL-tech-
nique, we decided to go forward using the more standardized 
LR-method for transanal formation of anastomoses. The LR-
technique uses RectoAid instrument, which resembles tradi-
tional circular staplers in design and handling. It was found 
that ACP was higher than 85 mBar (range 145–300 mBar) in 
all anastomoses made by use of the LR-method and none was 
therefore converted to routine stapling. Notably, we observed 
no case of anastomotic leakage in the group of 15 patients 
undergoing transanal formation of anastomosis below the 
sacral promontory. Moreover, no other anastomosis-related 
complications were observed, such as abscess or fistulas. One 
patient was however reoperated due to a small bowel hernia-
tion at one of the port sites, and another patient suffered from 
a transient ischemic attack 4 weeks after surgery. Further, one 
patient was readmitted because of small bowel obstruction 
that resolved with conservative treatment. Notably, we found 
endoscopically that all C-REX anastomoses healed well 

without any signs of pathological inflammation. One patient 
had a narrow lumen but without clinical symptoms. These 
results suggest that transanal C-REX is a feasible and effec-
tive device for constructing colorectal anastomoses below the 
sacral promontory in both males and females independent of 
open or laparoscopic approach. This notion is in line with a 
previous study showing that CARP is safe and effective in 
the formation of colonic anastomoses [28, 29]. Future studies 
will address the potential of transanal C-REX in the forma-
tion of low rectal anastomoses.

Taken together, the present study comprises the first cases 
utilizing the C-REX device in humans in colorectal anasto-
mosis. We found that C-REX was feasible and easy to use 
although the LL-technique is more cumbersome for anasto-
moses below the sacral promontory and should be limited to 
colonic anastomosis. In contrast, the transanal LR-technique 
is easy for constructing anastomoses below the sacral prom-
ontory, and the transanal RectoAid instrument resembles 
traditional circular staplers in design and handling.
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