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Background: Anastomotic leak is a major complication of colorectal surgery. Among the
causes of dehiscence, anastomotic ischemia seems to be fundamental and consequently so is
the evaluation of the parietal flow. We proposed a new application of infrared flowmeter for the
evaluation of the parietal flow at the stumps after colon resection.
Objective: The aim of this study is to assess the feasibility of using an intraoperative intestinal
wall flowmeter to assess arterial capillary flow in order to avoid the execution of anastomoses
in poorly vascularized segments of bowel, and consequently to reduce the risk of anastomotic
leakage.
Methods: Retrospective analysis of two groups of patients with different methods of evaluation
of colon resection stump vascularization. Ninety-two consecutive patients (Group A) underwent
surgical colorectal resection for cancer. In this group, we used a pulse-oximetry sensor to assess
the parietal flow: once the magnitude of the colon resection was established according to surgical and oncological criteria, the exact location of the resection was adjusted according to the
parietal flowmetry curve. This method was compared with 139 consecutive colorectal resections
(Group B) in which vascularization was assessed by checking the pulsatility of the mesenteric
arteries, macroscopic wall resection stump appearance, and bleeding of the wall stump. The
main outcome measure was the reduction in anastomotic dehiscence.
Results: In Group A no anastomotic leakage occurred (0/92). Conversely, in Group B six anastomotic leaks occurred (6/139). The statistical analysis of the two groups thanks to the Fisher’s
exact test shows that P,0.05, which is statistically significant.
Conclusion: We tested a new application of the pulse oximeter: the evaluation of the colon
parietal flow (infrared parietal flowmeter). The infrared parietal flowmetry appears to be a feasible, simple, and low-cost method, able to detect the vascularization of the large bowel stump;
for this reason this procedure appears to be useful in order to avoid a colon anastomosis of two
poorly vascularized bowel stumps, thus reducing the risk of anastomotic leakage. Despite the
positive results of our experience in the assessment of the intestine vascularization with the
intraoperative infrared stump flowmeter, the possibility of reducing the number of anastomotic
leaks through this method requires additional and more extensive trials.
Keywords: anastomotic leak, colon resection, flowmetry

Introduction
Anastomotic dehiscence is the most severe surgical complication after a large bowel
resection. Despite the increased use of staples, the incidence of anastomotic leaks
is approximately 4.25%–16%1–4 while the mortality rate resulting from anastomotic
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of the venous capillary transmural pressure with impairment
of the venous drainage at the stump.11 Therefore, considering
proper vascularization as a key element in the prevention
of anastomotic dehiscence, we wanted to find a simple and
reliable method for checking arterial capillary perfusion. The
purpose of this study is to evaluate the potential interest of
intraoperative infrared flowmetry of the intestinal wall in
order to determine a suitable site for the anastomosis.

Methods
Figure 1 Pulse-oximetry sensor (Covidien Nelcor “OxiMax™ Max-Fast®” Forehead
Sensor) in a disposable laparoscopic camera cover.

dehiscence and related clinical sequelae is between 10%
and 39%.5,6 The elevated range of mortality is determined
by the multiple etiologies and risk factors reported in the
literature. Among the general factors, we must consider
body mass index, advanced age, malnutrition, pneumological
and cardiovascular disease, steroid and radiation treatments,
while the more specific factors with more severe prognoses
are sepsis, emergency surgery on a colon carcinoma at the
site of the anastomosis,7,8 extended intraoperative hypotension and operative time.9 What all of these different pathological conditions might have in common is a lack of tissue
perfusion causing a critical ischemia of the stumps after the
resection. Indeed, the anastomotic dehiscence and necrosis of
the sutured tissues could be the consequence of an impaired
arterial vascularization that affects the metabolic state of the
tissues due to an inadequate intake of nutrients10 and reduction

Between January 2007 and September 2014, 231 consecutive colorectal resections for cancer were performed by the
same surgical team, without changes in the surgical technique
between the two groups of patients operated on, and without
introducing new techniques or technologies; thus nothing
changed in the two groups in suture technique whether performed by hand or mechanically. Anastomoses were performed
either sewn by hand or with mechanical staplers: manual anastomosis was generally performed after a right hemicolectomy,
or a segmental resection of the transverse colon or splenic
flexure. The hand-sewn anastomoses were performed with
separate stitches using a slow-absorption suture material. ASA
4 (The American Society of Anesthesiologists physical status
classification system) patients were excluded, and also bowel
obstruction surgery or emergency surgery for perforated colon
patients. The average age was similar in the two groups: 71.5
years in Group B, 71 years in Group A. Fifty percent was male
and 50% female in Group B. Fifty-three point two percent
was male and 46.7% female in Group A. None of the patients
had radiotherapy or chemotherapy before surgery. The only
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Figure 2 Group A: flowmetry evaluation; Group B: no flowmetry evaluation.
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difference between the two groups of patients is represented
by the evaluation of the parietal stump flow thanks to a pulse
oximeter. Between January 2007 and January 2011, 139
colon and rectal resections for cancer patients were performed
(Group B). Before performing the anastomosis, the vascularization of the stumps was assessed by detecting the pulse
of the mesentery arteries close to the stump of the resection
using the fingers, sometimes hampered by thick mesenteric
fat, and also by the macroscopic appearance of the colonic
wall, especially the color and the bleeding of the bowel wall at
the stump site. Since February 2011 parietal stump flow was
checked in 92 consecutive procedures (Group A), using an
infrared pulse-oximeter to evaluate capillary flow at the stump
site. The flowmetry was first performed in a segment of small
bowel used as a healthy track basis and was then performed,
after ligation or simple clamping of the vessels feeding the
segment of colon to be resected on the basis of the need for a
correct resection, at the resection site. After resection, we did
a further flowmetry control of both the stumps. Flowmetry
was performed by using a disposable pulse-oximetry sensor
with a disposable laparoscopic camera cover (Figure 1) with
the aim of recording the parietal flow curve (Covidien Nelcor
“OxiMax™ Max-Fast®” Forehead Sensor). First, the presence
of a curve on the flow diagram was assessed; second, the slope
angle of the flow curve, a direct consequence of the speed of
the flow, and lastly, the amplitude of the curve, expression of
the pressure. The anastomosis was performed only after the
evaluation of a correct flow curve. If necessary we changed
the resection site until we detected the presence of a suitable
flowmetry curve.

Results
Among the 139 operations performed in Group B, six clinically evident anastomotic leaks occurred (4.3%), three after
a left hemicolectomy, two after a right hemicolectomy, and
one after an anterior resection of the rectum. The remaining 133 patients were discharged between 8 and 10 days
after surgery without any complications. In Group A, no
clinically evident anastomotic leakages occurred (0/92)
(Figure 2). In these series of 92 consecutive colon resections, in four cases of left hemicolectomy and two of right
hemi colectomy (6.5%) the site of the stump was modified (5–10 cm), despite the appearance of a trophic wall,
according to flowmetry. In these cases the extension of
the resection was increased until the curve of the parietal
flowmetry showed a correct vascularization of the wall. All
92 patients were discharged 8–10 postoperative days later
without any complications.
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Figure 3 Perfect flowmetry curve.
Note: *represents the amplitude of the curve that is an expression of the pressure.

Statistical analysis
A statistical evaluation of the outcomes of the two groups of
patients has been done comparing the number of anastomotic
leaks. The Fisher’s exact test was used to compare results.
The statistical analysis shows that P,0.05, which is statistically significant.

Discussion
It is known that the blood supply of the stumps is a key
element in reducing the incidence of leakage. The arterial
circulatory system provides vital oxygen and nutrients to
the tissues. The blood pressure must be high enough to
allow the systolic wave to reach and feed the tissues. That
flow can be assessed by detecting the blood systolic and
diastolic volume at the capillary level, as evoked by infrared
plethysmography. The pulse oximeter gives us two pieces of
information. The first is the oxygenated hemoglobin (HbO²)
rate provided by its selective absorbance compared with the
reduced hemoglobin (infrared spectrometry). The other is the
curve that represents capillary flow. That curve results from
the variation of the oxygenated and reduced hemoglobin
amount, ie, the blood volume: infrared plethysmography
(infrared plethysmography represents the infrared spectrometry variations over time).12,13 Therefore, this curve is
the expression of arterial capillary flow and the amplitude
of the curve is the expression of the blood volume variations
and, consequently, of the pressure in the parietal vessels.

Figure 4 Still sufficient parietal flow.
Note: *represents the amplitude of the curve that is an expression of the pressure.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

63

Dovepress

Delfrate et al

Disclosure
The authors have no conflicts of interest to disclose.

References

Figure 5 Parietal inadequate blood supply amplitude reduction of over 50%
compared to the reference curve achieved before vessel ligations.
Note: *represents the amplitude of the curve that is an expression of the pressure.

Information about the hemodynamic condition (pressure and
speed) in the capillary flow is the main difference between
the flowmetry parietal evaluation we propose and the fluorescence angiography with indocyanine green.14,15 The pulse
oximeter is one of the most sensitive noninvasive monitors
of oxygenation and tissue perfusion. For that reason, over
the years, various oximeters have been created, suitable for
monitoring different anatomical sites, from the finger to the
skin of the forehead.16–18 For this reason we started using
pulse oximetry, because in our opinion it could also be valuable for the study of capillary perfusion of the colon wall.
We registered different types of curves: a normal one that
shows a good blood supply (Figure 3), a curve with reduced
amplitude that shows an arterial vascularization that is still
sufficient (Figure 4), and a third type which shows a clearly
insufficient blood supply, at risk for ischemia (Figure 5),
and even cases of the absence of variation of blood volume
between the systolic and diastolic phases which imply a very
critical loss of perfusion.

Conclusion
The use of a flowmeter with sterile transparent cover is a valuable, economic, and quick method for assessing the presence
and quality of vascularization of the stumps. We found no
contraindications and no problems arising from the use of an
infrared flowmeter. Regarding the cases of damped infrared
curve, flowmetry has proved to be an extremely sensitive
method capable of detecting any parietal flow variation.
Even if used in a heterogeneous group of patients, this study
has shown the feasibility, and potential utility of using an
intraoperative flowmeter to identify the safest location for
the anastomosis, thereby reducing the risk of dehiscence,
without any increase in costs or significant loss of time. The
statistical analysis (Fisher’s exact test) shows a need for
P,0.05, which is statistically significant. At the moment, the
limitations of the method seem to be the absence of a pulse
oximeter for laparoscopic procedures. Despite the favorable
outcome of this study, the infrared-flowmetry method must
be checked in further randomized trials.
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