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Abstract

Background Decreased blood perfusion at an intestinal

anastomosis may contribute to postoperative anastomotic

leak (AL) resulting in substantial morbidity and mortality.

Near-infrared (NIR) laparoscopy in conjunction with

indocyanine green (ICG) allows for visualization of the

microcirculation before formation of the anastomosis,

thereby allowing the surgeon to choose the point of tran-

section at an optimally perfused area.

Methods This is a retrospective case-control analysis

examining the effectiveness of NIR ? ICG in reducing the

rate of AL after low anterior resection (LAR) for rectal

cancer. Records of patients undergoing robot-assisted LAR

for rectal cancer with and without ICG were analyzed for

the years 2011 and 2012.

Results Among the 40 patients who underwent robotic

LAR, NIR ? ICG was used in 16 cases (41 %). Male

patients accounted for the majority of cases in both groups

(74 %). The median level of the anastomosis was 3.5 cm in

the NIR ? ICG group and 5.5 cm in the control group.

There was no difference in the use of diverting ileostomy.

In 3 patients (19 %), the use of NIR ? ICG resulted in

revision of the proximal bowel (colonic) transection point

before formation of the anastomosis. The distal transection

point was never revised. The rate of AL in the NIR ? ICG

group was 6 % versus 18 % in control group.

Conclusions ICG fluorescence may play a role in anas-

tomotic tissue perfusion assessment and affect the AL rate.

Larger prospective studies are needed to further validate

this novel technology.
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In the past two decades, long-term outcomes for rectal

cancer have improved as a result of advances in surgical

techniques and the use of neoadjuvant and adjuvant ther-

apies. Abdominoperineal resection, which was once con-

sidered the gold standard for rectal cancer treatment, has

been largely replaced with sphincter-sparing surgery [1].

Better understanding of the biology of rectal cancer and

mastering total mesorectal excision (TME) as a surgical

technique for mid to low rectal cancers have improved

oncological outcomes [1–5]. Novel technological advances

and improved surgical skills have allowed surgeons to

perform low and ultralow anastomosis instead of a per-

manent colostomy [1, 6]. Despite these surgical advances,

postoperative mortality rates are still reported at about

1–8 % [2, 7]. Symptomatic anastomotic leak after low

anterior resection (LAR) has been reported to occur in

1–39 % of patients with an associated risk of mortality of

2–24 % [1, 2, 6, 8–10].

Anastomotic dehiscence is one of the most dreaded

complications after LAR, ultimately leading to increased

length of stay, higher cost, and higher local recurrence and

mortality rates [11, 12]. Independent risk factors for leak
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include male gender, level of anastomosis (\5 cm), pre-

operative radiation, and the presence of intraoperative

adverse events [2, 6, 12–14]. This complication can lead to

frequent reoperation and multiple drainage procedures in

88–95 % of cases [6, 11, 15–17]. Although the cause of

anastomotic leak is multifactorial, it can be argued that

perfusion abnormalities and technical factors play a sub-

stantial role in the development of anastomotic failures [11,

18–21].

Intestinal perfusion at the time of anastomotic formation

may be evaluated with indocyanine green (ICG) and a

near-infrared (NIR) laparoscopic systems capable of visu-

alizing inducible fluorescence. NIR laparoscopy in con-

junction with ICG allows for visualization of the

microcirculation before formation of anastomosis, which

allows the surgeon to choose the point of division at an

ideally perfused area, possibly optimizing tissue perfusion

at the anastomosis. This study aims to evaluate the effect of

ICG fluorescence on bowel transection point selection and

the anastomotic leak rates after LAR.

Materials and methods

This is a retrospective case-control review of rectal cancer

cases treated surgically via robot-assisted low and ultralow

anterior resection, as well intersphincteric resection (ISR)

between 2011 and 2012. All patients provided informed

consent, and institutional review board approval was

obtained. Cases performed in 2011 and 2012 without the

use of ICG were used as controls. The use of ICG fluo-

rescence was at the discretion of the attending surgeon.

Two patients with permanent colostomy were excluded.

The control group contained 22 total patients, and the

NIR ? ICG group contained 16 patients. All patients

underwent robot-assisted LAR by three experienced colo-

rectal surgeons. Patient demographics were collected and

included age, gender, body mass index, American Society

of Anesthesiologist class, preoperative stage, preoperative

chemotherapy and radiotherapy, and comorbidities

including anemia, diabetes, chronic kidney disease,

hyperlipidemia, hypothyroidism, cardiac disease, pulmon-

ary disease, and history of smoking or alcohol. Intraoper-

ative factors including operative time, estimated blood loss

(EBL), intraoperative occurrences, and level of anastomo-

sis were collected. Postoperative complications including

anastomotic leak, bleeding, urinary tract infection, urinary

retention, ileus, sepsis, cardiac occurrences, and wound

infection were collected. Anastomotic leak was defined as

any disruption of the anastomosis occurring within 60 days

of surgery as visualized by contrast enema study or

endoscopy. Reoperation and readmission rates were

analyzed.

Surgical technique

The surgical technique of robot-assisted LAR and ultralow

LAR ? ISR was carried out in the fashion described by

Pigazzi et al. [22, 23]. The procedure was conducted by

laparoscopic medial to lateral dissection with the division of

the inferior mesenteric artery and vein. The four-arm da

Vinci robot was then utilized for the total mesorectal dis-

section to the pelvic floor. This was followed by the division

of the rectum based on tumor location and division of the

mesentery of the descending or sigmoid colon either intra- or

extracorporeally. The optimal point of transection was then

marked by the surgeon under white (visible) light (Fig. 1,

video 1) followed by intravenous injection of 6–8 mg of

ICG. The bowel was then visualized via NIR laparoscopy,

and the surgeon decided whether to revise the point of

transection of either the proximal or distal bowel on the basis

of the ICG perfusion assessment (Fig. 2, video 1). The bowel

was then divided, and an end-to-end or colonic J pouch

anastomosis was created. An air leak test was performed via

flexible sigmoidoscopy, which also allowed for the assess-

ment of the integrity of the anastomosis and inspection of the

mucosa using white (visible) light.

NIR camera system

The NIR camera system is provided by multiple manu-

facturers including Olympus Corporation (Tokyo, Japan),

Karl Storz GmbH (Tuttlingen, Germany), Stryker Corpo-

ration (Portage, MI, USA), and Novadaq Technologies

(Ontario, Canada). The first three systems use modifica-

tions of current endoscopic systems, while Novadaq uses

an entirely new device [24]. The da Vinci Si Surgical

System (Intuitive Surgical, Sunnyvale, CA, USA) incor-

porates a fluorescence-capable da Vinci Si HD vision

Fig. 1 Point of transection is marked under visible (white) light.

Arrow indicates point of transection
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system (Firefly). The latter was used during the robot-

assisted proctectomies described above. All mentioned

devices can be used for standard laparoscopic visible

imaging mode and can be switched to NIR fluorescence

mode by means of button control on the camera head, on

the stack console, or via foot pedal [24].

Indocyanine green

ICG is a sterile, water-soluble, tricarbocyanine compound

that absorbs NIR light with a peak spectral absorption at

800 nm. ICG is injected intravenously, and it rapidly and

extensively binds to plasma protein. It remains intravas-

cular, with minimal leakage into the interstitium. It is

cleared by the liver in 3–5 min into bile with no known

metabolites. It has a maximal daily dose of 2 mg/kg. It is a

nontoxic and nonionizing agent; only a single case of sore

throat and hot flashes has been reported. There have been

rare described cases of anaphylactic shock, hypotension,

tachycardia, dyspnea, and urticaria [24–26].

Results

A total of 40 patients underwent robot-assisted LAR or ISR

between February 2011 and August 2012. ICG fluores-

cence was used in 16 of the patients. The average age of

patients in ICG ? NIR was 58 versus 63 years in the

control group (Table 1). Obesity (44 vs. 27 %), hyperlip-

idemia (13 vs. 9 %), and cardiac disease (19 vs. 9 %) were

more prevalent in the ICG ? NIR group compared to

control group. Diabetes mellitus (18 vs. 0 %), pulmonary

disease (23 vs. 6 %), and history of smoking (27 vs. 13 %)

was more prevalent in the control group than in the

ICG ? NIR group (Table 2).

ISR was performed in 13 % of patients in the ICG ?

NIR group and 9 % of patients in the control group

(Table 3). In two patients (one per group), flexible sig-

moidoscopy with visualization of the anastomosis at the

conclusion of the operation revealed mucosa of question-

able viability despite an airtight anastomosis. Flexible

sigmoidoscopy revealed slightly dusky mucosa in one case

in the ICG ? NIR cohort. However, ICG fluorescence had

Fig. 2 Revision of the point of transection based on ICG perfusion

assessment. Arrow 1 indicates original point of transection, arrow 2

revised point of transection

Table 1 Patient demographics of LAR with NIR ? ICG versus LAR

without NIR ? ICG (control)

Characteristic NIR ? ICG

(n = 16)

Control

(n = 22)

Age 58 63

Sex (%)

Male 75 73

Female 25 27

BMI 27 27

ASA 2.3 2.5

Preoperative chemotherapy/

radiotherapy (%)

63 68

Rectal cancer stage (%)

I 37 54

II 25 9

III 38 27

IV 0 9

LAR low anterior resection, NIR near-infrared, ICG indocyanine

green, BMI body mass index, ASA American Society of

Anesthesiologists

Table 2 Patient comorbidities of LAR with NIR ? ICG versus LAR

without NIR ? ICG (control)

Characteristic NIR ? ICG

(n = 16)

Control

(n = 22)

Obesity (%) 44 27

Anemia (%) 25 23

Diabetes mellitus (%) 0 18

Hypertension (%) 25 23

Chronic kidney disease (%) 6 9

Hyperlipidemia (%) 13 9

Cardiac disease (%) 19 9

Pulmonary disease (%) 6 23

Hypothyroidism (%) 6 5

History of alcohol (%) 6 0

History of tobacco (%) 13 27

LAR low anterior resection, NIR near-infrared, ICG indocyanine green
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revealed good perfusion to distal and proximal margins,

and the anastomosis was thus not revised. This patient did

not experience any postoperative complications. Likewise,

flexible sigmoidoscopy revealed congested mucosa in one

case in the control group; the anastomosis was not revised,

and this patient had a postoperative leak.

There were no intraoperative or anesthetic complica-

tions. Revision of the point of transection as indicated by

bowel perfusion after ICG injection occurred in three

patients (19 %). In the control group, revision of the

anastomosis as indicated by visual cues of dusky bowel

under white (visible) light occurred in one patient (4.5 %)

(Table 3). None of the patients who had revision of the

transection point or of the anastomosis experienced anas-

tomotic leak.

There was one incidence of a delayed leak in the

ICG ? NIR in which the patient presented on postopera-

tive day 46 with persistent rectal pain. He underwent

transanal drainage of a subcentimeter-size presacral

abscess discovered during endoscopy. There was one

incidence of reoperation resulting from an iatrogenic colon

traction injury resulting in delayed perforation at a site

other than the anastomosis causing sepsis in the ICG ?

NIR group. Postoperative complications are listed in

Table 4.

In the control group, postoperative leaks occurred in

four patients, two of whom were diverted at the index

operation. The two patients who were not diverted required

reoperation on postoperative days 1 and 7. Both were found

to have a posterior disruption of the anastomosis. The two

diverted patients presented 4 weeks after surgery and

underwent drainage procedures (Table 5).

Discussion

Anastomotic leak is the most feared complication after

LAR. There are multiple patient risk factors, such as gen-

der, age, nutritional status, radiation status, and tumor

location, beyond the influence of the surgeon. The two

basic considerations for the success of intestinal anasto-

mosis are mechanical integrity and tissue viability. The

vascularity of the tissue surrounding the staple line is of

fundamental importance to the healing of an anastomosis

[11, 18–21, 27]. Therefore, surgical technique and ade-

quate perfusion of the anastomosis are essential in the

reduction of the risk of anastomotic leak [12, 28].

Our preliminary results indicated that the use of ICG

fluorescence to delineate the perfusion of colorectal anas-

tomosis may result in relatively frequent revision of the

bowel transection point. This leads to altering the segment

of bowel used, which may ultimately lead to a decreased

rate of anastomotic leaks. Randomized controlled studies

Table 3 Operative characteristics of LAR with NIR ? ICG versus

LAR without NIR ? ICG (control)

Characteristic NIR ? ICG

(n = 16)

Control

(n = 22)

Intersphincteric resection (%) 13 9

LAR with transanal extraction (%) 19 9

Colonic J-pouch (%) 13 14

Diversion (%) 75 77

Revision of transection point (%) 19 5

Median level of anastomosis (cm) 3.5 5.5

Median operative time (h) 4.75 4.4

Median estimated blood loss (ml) 70 100

LAR low anterior resection, NIR near-infrared, ICG indocyanine green

Table 4 Outcomes of LAR with NIR ? ICG versus LAR without

NIR ? ICG (control)

Characteristic NIR ? ICG

(n = 16)

Control

(n = 22)

Anastomotic leak (%) 6 18

Sepsis (%) 6 13

Reoperation (%) 6 9

UTI (%) 13 9

Urinary retention (%) 19 18

Ileus (%) 38 18

Bleeding (%) 6 9

Wound infection (%) 6 13

Median length of stay (days) 4 5

LAR low anterior resection, NIR near-infrared, ICG indocyanine

green, UTI urinary tract infection

Table 5 Characteristics of patients with anastomotic leak and asso-

ciated interventions

Characteristic NIR ? ICG

(n = 1)

Control

(n = 4)

Mean postoperative day of

presentation

46 17

Diversion 0 2

Median level of anastomosis (cm) 5.5 5.5

Median operative time (h) 4.75 4.4

Median estimated blood loss (ml) 70 100

Intervention

Reoperation and revision of

anastomosis

0 2

Transanal drainage 1 1

Interventional radiology-placed

drain

0 1

NIR near-infrared, ICG indocyanine green
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assessing LAR report an anastomotic leak rate of 2–12 %

[29, 30]. In this series, despite the low median level of

anastomosis (3.5 vs. 5.5 cm), the use of ICG fluorescence

decreased the overall risk of leak by 12 %. Three cases

required revision of the point of resection as a result of

apparently poor perfusion as dictated by the ICG fluores-

cence technology. Previous subjective methods of assess-

ing bowel perfusion would not have necessarily influenced

the choice of the transection point. An essential observation

in this study is that the hypoperfused bowel visualized with

NIR mode may appear normal in standard (white) light

mode. It can therefore be hypothesized that this technology

can improve the naked eye’s ability to detect areas of poor

blood supply.

Previous studies have concluded that there is a lack of

reliable intraoperative predictive tests for anastomotic

leakage by the surgeon [10, 12]. To date, surgeons have

been relying on subjective data to assess the integrity and

perfusion of colorectal anastomosis. The only tool at a

surgeon’s disposal is experience, as well as subjective

measures such as active bleeding from resection margin,

palpable pulsation in the mesentery, and lack of discolor-

ation [12]. However, this method is highly unreliable and

fails to accurately predict postoperative leak [10]. Laser

Doppler flowmetry and laser fluorescence angiography

have been used as a reliable intraoperative predictive test

[19–21, 27, 31, 32]. The NIR fluorescence technology

provides a new method that will allow for an accurate

evaluation of the perfusion of the proximal and distal

margins of resection. ICG fluorescence technology can

give objective data as a real-time image, indicating the

perfusion status of the intestine with great convenience.

The 3-D optical technology of the robot enhances the

operative experience compared to conventional laparo-

scopic surgery [24]. The evolution of optical data incor-

porating feed from electromagnetic spectra beyond that of

the visible (white) light can in turn potentiate the appre-

ciation of tissue architecture and blood flow. This tech-

nology, combined with the intravascular injection of ICG,

allows for the acquisition of high-quality images of both

the circulatory and lymphatic vasculature. As demonstrated

by our findings, these techniques do not increase operative

time and can easily be incorporated into clinical practice.

To our knowledge, only one previous study has been

published regarding the use of fluorescence angiography in

colorectal anastomosis. Kudszus et al. [12] used laser

fluorescence angiography with ICG and a laser-mounted

scope to visualize the tissue perfusion. This study demon-

strated a 60 % reduction in reoperation for anastomotic

leak in a retrospective study consisting of 638 patients. The

authors concluded that intraoperative visualization of tissue

perfusion reduces the rate of severe complications in

colorectal surgery. The ICG fluorescence technology has

been studied and shown to be beneficial in assessing per-

fusion and vascular architecture in cardiothoracic, hepa-

tobiliary, foregut, and plastic surgery [32–36].

This study should be viewed with certain limitations. As

a retrospective study, inherent biases exist. The decision to

use ICG ? NIR and diversion was left to the discretion of

the attending surgeon, and knowledge of the surgical

decision-making process is not available for all cases. The

small sample size is also a limitation that decreases the

power of this study.

Nevertheless, this study suggests that the ability to

visualize perfusion to the anastomosis may reduce the rate

of anastomotic leak after LAR. Although one cannot

eliminate patient factors that will influence the rate of

anastomotic leak, perfusion and technical integrity of the

anastomosis depend on the surgeon’s judgment. The

elimination of poor perfusion to an anastomosis may

decrease the rate of anastomotic leak and thereby improve

outcomes of rectal cancer surgery. However, larger ran-

domized prospective studies need to be conducted to fur-

ther validate this study’s findings.
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