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BACKGROUND:  Left-sided colorectal surgery 
demonstrates high anastomotic leak rates, with tissue 
ischemia thought to influence outcomes. Indocyanine 
green is commonly used for perfusion assessment, but 
evidence remains mixed for whether it reduces colorectal 
anastomotic leaks. Laser speckle contrast imaging 
provides dye-free perfusion assessment in real-time 
through perfusion heat maps and quantification.
OBJECTIVE:  This study investigates the efficacy of 
advanced visualization (indocyanine green versus 
laser speckle contrast imaging), perfusion assessment, 
and utility of laser speckle perfusion quantification in 
determining ischemic margins.
DESIGN:  Prospective intervention group using advanced 
visualization with case-matched, retrospective control 
group.

SETTINGS:  Single academic medical center.
PATIENTS:  Forty adult patients undergoing elective, 
minimally invasive, left-sided colorectal surgery.
INTERVENTIONS:  Intraoperative perfusion assessment 
using white light imaging and advanced visualization at 3 
time points: T1—proximal colon after devascularization, 
before transection, T2—proximal/distal colon before 
anastomosis, and T3—completed anastomosis.
MAIN OUTCOME MEASURES:  Intraoperative indication 
of ischemic line of demarcation before resection under 
each visualization method, surgical decision change 
using advanced visualization, post hoc laser speckle 
perfusion quantification of colorectal tissue, and 30-day 
postoperative outcomes.
RESULTS:  Advanced visualization changed surgical 
decision-making in 17.5% of cases. For cases in which 
surgeons changed a decision, the average discordance 
between the line of demarcation in white light imaging 
and advanced visualization was 3.7 cm, compared to 
0.41 cm (p = 0.01) for cases without decision changes. 
There was no statistical difference between the line 
of ischemic demarcation using laser speckle versus 
indocyanine green (p = 0.16). Laser speckle quantified 
lower perfusion values for tissues beyond the line of 
ischemic demarcation while suggesting an additional 
1 cm of perfused tissue beyond this line. One (2.5%) 
anastomotic leak occurred in the intervention group.
LIMITATIONS:  This study was not powered to detect 
differences in anastomotic leak rates.
CONCLUSIONS:  Advanced visualization using laser 
speckle and indocyanine green provides valuable 
perfusion information that impacts surgical 
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decision-making in minimally invasive left-sided 
colorectal surgeries. See Video Abstract.

UTILIDAD CLÍNICA DE LAS IMÁGENES DE CONTRASTE 
MOTEADO CON LÁSER Y LA CUANTIFICACIÓN EN TIEMPO 
REAL DE LA PERFUSIÓN INTESTINAL EN RESECCIONES 
COLORRECTALES DEL LADO IZQUIERDO MÍNIMAMENTE 
INVASIVAS

ANTECEDENTES: La cirugía colorrectal del lado izquierdo 
demuestra altas tasas de fuga anastomótica, y se cree 
que la isquemia tisular influye en los resultados. El 
verde de indocianina se utiliza habitualmente para 
evaluar la perfusión, pero la evidencia sobre si reduce 
las fugas anastomóticas colorrectales sigue siendo 
contradictoria. Las imágenes de contraste moteado con 
láser proporcionan una evaluación de la perfusión sin 
colorantes en tiempo real a través de mapas de calor de 
perfusión y cuantificación.
OBJETIVO: Este estudio investiga la eficacia de la 
evaluación de la perfusión mediante visualización 
avanzada (verde de indocianina versus imágenes 
de contraste moteado con láser) y la utilidad de la 
cuantificación de la perfusión con moteado láser para 
determinar los márgenes isquémicos.
DISEÑO: Grupo de intervención prospectivo que 
utiliza visualización avanzada con un grupo de control 
retrospectivo de casos emparejados.
LUGARES: Centro médico académico único.
PACIENTES: Cuarenta pacientes adultos sometidos a 
cirugía colorrectal electiva, mínimamente invasiva, del 
lado izquierdo.
INTERVENCIONES: Evaluación de la perfusión 
intraoperatoria mediante imágenes con luz blanca y 
visualización avanzada en tres puntos temporales: T1—
colon proximal después de la devascularización, antes 
de la transección; T2—colon proximal/distal antes de la 
anastomosis; y T3—anastomosis completa.
PRINCIPALES MEDIDAS DE VALORACIÓN: Indicación 
intraoperatoria de la línea de demarcación isquémica 
antes de la resección bajo cada método de visualización, 
cambio de decisión quirúrgica mediante visualización 
avanzada, cuantificación post-hoc de la perfusión 
con láser moteado del tejido colorrectal y resultados 
posoperatorios a los 30 días.
RESULTADOS: La visualización avanzada cambió la toma 
de decisiones quirúrgicas en el 17,5% de los casos. Para 
los casos en los que los cirujanos cambiaron una decisión, 
la discordancia promedio entre la línea de demarcación 
en las imágenes con luz blanca y la visualización 
avanzada fue de 3,7 cm, en comparación con 0,41 cm (p 
= 0,01) para los casos sin cambios de decisión. No hubo 

diferencias estadísticas entre la línea de demarcación 
isquémica utilizando láser moteado versus verde de 
indocianina (p = 0,16). El moteado con láser cuantificó 
valores de perfusión más bajos para los tejidos más allá 
de la línea de demarcación isquémica y al mismo tiempo 
sugirió 1 cm adicional de tejido perfundido más allá de 
esta línea. Se produjo una fuga anastomótica (2,5%) en el 
grupo de intervención.
LIMITACIONES: Este estudio no tuvo el poder estadístico 
suficiente para detectar diferencias en las tasas de fuga 
anastomótica.
CONCLUSIONES: La visualización avanzada utilizando 
moteado láser y verde de indocianina proporciona 
información valiosa sobre la perfusión que impacta la 
toma de decisiones quirúrgicas en cirugías colorrectales 
mínimamente invasivas del lado izquierdo. (Traducción—
Dr. Ingrid Melo)

KEY WORDS:   Advanced visualization; Colorectal; Laser 
speckle contrast imaging; Minimally invasive; Perfusion.

Anastomotic leak (AL) is a serious complication 
of colorectal surgery, with an incidence ranging 
from 3% to 19%.1–3 AL has a negative oncologic 

prognostic impact after rectal cancer resection, in addition 
to increased postoperative morbidity and mortality, pro-
longed hospital stays, and increased health care costs.2,4–8

Left-sided colorectal anastomoses exhibit higher AL 
rates compared to ileocolic anastomoses, with low col-
orectal anastomoses at especially high risk. Multiple risk 
factors have been identified for AL, including patient fac-
tors, such as nutritional status and neoadjuvant therapy, 
and operative factors, such as tissue perfusion and tension 
at the anastomotic site. Left-sided colorectal resections are 
at higher risk of requiring additional surgical mobilization 
compared to other colon resections to offset anastomotic 
tension. This can lead to disrupted vascular collateraliza-
tion at the anastomotic site. Inadequate perfusion of peri-
anastomotic tissue has been reported to be an important 
risk factor in AL pathophysiology.9,10 Accurately measur-
ing tissue perfusion in real time thus represents a prom-
ising technique for decreasing the morbidity of left-sided 
colorectal surgery by decreasing the incidence of AL.

Advanced visualization and physiological imaging 
technologies have been developed to complement tradi-
tional methods of intraoperative assessment of anatomy 
and tissue perfusion, such as palpation of mesenteric 
vessels or visual inspection of tissue appearance with 
the naked eye.9,11–15 One technology with the potential 
to improve surgical outcomes is near-infrared indocy-
anine green (ICG) fluorescence angiography (ICG-FA).16 
ICG-FA has gained increasing acceptance as a useful 
adjunct for real-time intraoperative tissue microperfusion 
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assessment in open, laparoscopic, and robotic-assisted 
colorectal surgery.

The data around the benefit of ICG-FA in colon and 
rectal cases is mixed. ICG-FA has been shown to alter 
intraoperative clinical decision-making in 7.9% to 27.3% of 
colorectal surgery cases but does not always result in a dif-
ference in the incidence of AL.12,17–19 However, a meta-anal-
ysis by Arezzo et al16 demonstrated that the use of ICG-FA 
was associated with a reduction in AL in patients who 
underwent surgery for rectal cancer. The use of ICG-FA 
is limited by certain factors, such as pharmacokinetics of 
the ICG fluorophore, allergic and adverse reactions to the 
dye, variations in its use among surgeons, lack of standard-
ization of signal interpretation, false-positive findings on 
repeat assessments, additional staff coordination required 
for use, and the need for costly equipment upgrades.17,20,21 
False-positive perfusion can be seen with ICG when blood 
flow stops and blood is stagnant; because the dye is pre-
viously present, it suggests positive perfusion in tissue 
despite the absence of any active flow. Capillary leakage, 
dye retention in interstitial tissues, and subjective visual 
assessment increase the likelihood of false-positive ICG 
interpretation.22,23 Given the heterogenous literature on 
ICG-FA efficacy in reducing AL rate, consideration should 
be given to alternative technologies to aid surgical perfu-
sion visualization.

Another technology with much promise for real-time 
physiological imaging is laser speckle contrast imaging 
(LSCI).24,25 LSCI measures microvascular tissue perfusion 
using a dynamic interference pattern produced when a 
coherent laser light illuminates red blood cells.26 This can 
be performed in real time without injection of a fluoro-
phore contrast dye and produces accurate and repeatable 
assessments unaffected by previous evaluations.

We hypothesized that LSCI would effectively demon-
strate real-time, repeatable tissue perfusion information and 
inform surgeons’ intraoperative decision-making around tis-
sue resection and colorectal anastomosis. Furthermore, we 
aimed to test whether post hoc quantification of LSCI data 
using relative perfusion unit (RPU) analysis could provide 
robust, repeatable, and comparable perfusion quantifica-
tion and reveal precise ischemic patterns around the colonic 
watershed zone and perianastomotic tissues.

MATERIALS AND METHODS

Setting and Patient Selection
This study was conducted within the colorectal surgery divi-
sion at a single tertiary referral academic institution. The 
study protocol was reviewed and approved by the entire 
Institutional Review Board (protocol ID: 2021H218). Adult 
patients (older than 18 years) undergoing elective left colo-
colonic or colorectal anastomoses (after left hemicolectomy, 
sigmoidectomy, or low anterior resection) via laparoscopic or 

robotic-assisted approach were eligible for enrollment in the 
intervention group. Patients were ineligible for enrollment 
if they were pregnant, lactating, or had a known allergy or 
history of adverse reaction to iodides or ICG. Patients were 
approached for participation, and informed consent was 
obtained for every enrolled patient before the day of surgery. 
Adverse events were explicitly monitored. Interim analysis 
was performed with the principal investigator, who found no 
safety concerns to halt the study.

This study aimed to recruit 40 patients, based on a 
power calculation from prior preclinical LSCI studies 
demonstrating 3 to 4 cm difference in ischemic line of 
demarcation (LOD) between white light imaging (WLI) 
and LSCI in a blinded survey of 21 surgeons.23 These 
results were extrapolated to clinical use, hypothesizing 
that LSCI could indicate different LODs in a clinical trial 
of a similar sample size.27 This study was not powered to 
detect differences in clinical outcomes like ALs or surgical 
decision-making.

For analysis, a case-matched retrospective cohort was 
composed of all left-sided colorectal surgeries performed 
the year before the study, including patients who would 
have been eligible for the study. The retrospective cohort 
was not matched on specific cases, and ICG was not rou-
tinely performed in these cases.

Technology
The device used for this study, the ActivSight imaging mod-
ule (Activ Surgical, Boston, MA), is FDA-510(k) cleared 
for endoscopic fluorescence and near-infrared imaging in 
minimally invasive surgery. ActivSight enables surgeons 
to visually assess tissue perfusion using both LSCI and 
ICG-FA and to visualize extrahepatic biliary structures 
using ICG fluorescence. The ActivSight imaging module, 
which fits between a standard laparoscope and camera, 
allows for imaging of near-infrared light (LSCI and ICG) 
using an infrared sensor combined with standard RGB 
video. Images from the white light camera and the infra-
red sensor are combined to create a real-time overlay of 
either the LSCI perfusion colormap or ICG fluorescence 
on the white light camera image. The safety and feasibility 
of ActivSight have previously been published.28

Intraoperative Perfusion Assessment
Perfusion assessment of the colon and rectum was per-
formed intraoperatively in real time by the surgeon using 
WLI, ICG-FA, and LSCI. For laparoscopic surgeries, a 
standard laparoscope with an ActivSight imaging module 
was used throughout the case. For robotic surgeries, an 
ancillary laparoscope with the ActivSight imaging module 
was inserted through preexisting robotic assist port sites 
for tissue perfusion assessment only.

Perfusion assessment was performed at 3 standard-
ized time points for each surgery:
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T1: � Assessment of the ischemic LOD after colonic devascular-
ization and distal division of the colorectal segment to be 
removed but before proximal transection of the specimen. 
Surgeons indicated where they perceived the line demar-
cating well-perfused vs ischemic tissue to be located at this 
time using all 3 visualization modes (WLI, ICG-FA, and 
LSCI). WLI LOD was assessed before viewing any advanced 
visualization data to prevent anchoring bias.

T2: � Assessment of the proximal and distal tissue sero-
sal/adventitial surfaces to be anastomosed before 
anastomosis.

T3:  Assessment of the anastomosis after completion.

Two milligrams of ICG was injected intravenously and 
interpreted within 1 to 3 minutes at T1 to enable ICG-FA 
assessment of the ischemic LOD following published best 
practices.29 Repeat ICG injections at T2 and T3 were left to 
the surgeon discretion.

Postoperative Surgeon Survey
Immediately after each case, surgeons were interviewed 
with a standardized questionnaire to assess the usability of 
the device, their interpretation of the advanced visualiza-
tion information, and any influence it had on their clinical 
decision-making.

Post Hoc RPU Analysis of LSCI Data
LSCI data from the 3 time points were analyzed using 
RPU analysis. This methodology converts raw LSCI data, 

which can differ in absolute value due to technical, equip-
ment, patient, and tissue factors, into a relative scale. RPU 
quantifies LSCI perfusion for a target tissue as a percent-
age relative to maximally perfused vs ischemic tissue. To 
determine RPU, a reference area of maximum perfusion 
“hot” (a surface-level capillary on the tissue of interest) 
is selected and RPU for target tissue “target” is calculated 
as “target”/“hot,” yielding an RPU percentage on a range 
from 0% (no flow/perfusion) to 100% (“hot”). This type 
of relative perfusion analysis is similar to those performed 
for relative perfusion analysis of ICG-FA.30 RPU values 
allow for pooled analysis of each time point used in this 
study to compare the magnitude and distribution of tissue 
ischemia more precisely.

Statistical Analysis
Statistical analyses were performed using Microsoft Excel. 
The Student t test was used to compare continuous vari-
ables, and the Fisher exact probability test was used to 
compare categorical variables. The threshold for statistical 
significance (α) was set at 0.05.

RESULTS

Seven board-certified colorectal surgeons participated in 
this study, with a mean practice history of 9 years (range, 
3–17). Forty consecutive patients were enrolled in the 
intervention group from March 2022 to March 2023. The 
case-matched retrospective cohort included 83 patients.

TABLE 1.   Comparison of study patient population and case-matched retrospective population

Patient demographics Retrospective (n = 83) Study (n = 40) p 

Age, y, mean 56.1 63 0.008*
BMI, mean 29.8 28.1 0.126
Sex, n (%) 0.037*
 � Male 37 (45%) 26 (65%)
 � Female 46 (55%) 14 (35%)
Race 1.000
 � White 70 (84%)  34 (85%)
 � Non-White 13 (16%) 6 (15%)
Indication 0.340
 � Cancer 44 (53%) 25 (63%)
 � Benign 39 (47%) 15 (37%)
No. of comorbidities 0.065
 � 0–2 77 (93%) 32 (80%)
 � 3+ 6 (7%) 8 (20%)
Case duration, mean
 � Robotic LAR 5:49 (n = 17) 6:42 (n = 8) 0.314
 � Laparoscopic LAR 4:22 (n = 19) 3:58 (n = 9) 0.585
 � Robotic sigmoid 3:58 (n = 12) 4:13 (n = 3) 0.797
 � Laparoscopic sigmoid 3:01 (n = 18) 3:35 (n = 13) 0.070
 � Laparoscopic left 3:33 (n = 5) 3:20 (n = 4) 0.635
Leak rate, n (%) 1.000
 � No leak 80 (96.4%) 39 (97.4%)
 � Leak 3 (3.6%) 1 (2.6%)

Continuous variable p values are calculated with the t test and categorical variables with the Fisher exact probability test.
LAR = low anterior resection.
*Statistically different.
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FIGURE 1.  Perfusion assessment of colonic ischemic LOD after devascularization. The single asterisk (*) represents the proximal colon 
and the double asterisks (**) represent the distal colon. The solid line indicates the surgeon real-time indication of LOD in WLI. Dashed lines 
represent the surgeon real-time indication of LOD with advanced imaging using LSCI and ICG-FA. The demarcation zone is shown in WLI 
(A), ICG-FA (B), and LSCI (C), in which perfusion is represented as a heat map, with higher perfusion using warm colors (red, orange, and 
yellow) and lower perfusion using cold colors (green and blue). D, Raw LSCI regions of interest data are converted to relative perfusion units. 
ICG-FA = and indocyanine green fluorescence angiography; LOD = line of demarcation; LSCI = laser speckle contrast imaging; WLI = white light 
imaging.
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FIGURE 2.  Histogram of the absolute distance discordance of the surgeon-indicated LOD using LSCI versus WLI (n = 21). Negative values 
indicate that the LSCI LOD is more proximal to the WLI LOD, and positive values indicate that the LSCI LOD is more distal to WLI LOD. Red bars 
indicate cases in which advanced visualization changed intraoperative clinical decision-making (n = 5), with an average absolute discordance 
of 3.7 cm, compared to 0.23 cm (p = 0.008) for cases without decision changes (n = 16). LOD = line of demarcation; LSCI = laser speckle contrast 
imaging; WLI = white light imaging.
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Study patients were similar to the case-matched ret-
rospective cohort from the same institution with respect 
to BMI, race, and sex but were slightly older (62.3 vs 56.1 
years old, p = 0.012; Table 1). Although this study was not 
powered to detect a difference, the colorectal AL rate of 
the study population (1/40) was similar to that recorded 
in the retrospective cohort (3/83; Table 1), which is lower 
than the national average.2 ALs were diagnosed on the 
basis of clinical suspicion for leak with radiologic confir-
mation, in concordance with standard clinical practice at 
the study institution. The diversion rate was 32.5% (13/40). 
Case duration and operating room time were not differ-
ent between the study cases and the retrospective cohort 
(Table 1).

Surgeon Intraoperative Perfusion 
Assessment and Decision-Making
Twenty-three of 40 cases were analyzed for LOD con-
cordance between ICG-FA and LSCI and 21 of 40 cases 
for LOD concordance between WLI and LSCI at the T1 
time point. Data from 2 cases were not available for anal-
ysis because of corrupted video data, and the remaining 
videos did not have frames sufficient for determination. 
It should be noted that both analyses meet the predeter-
mined threshold of 21 cases needed to distinguish signifi-
cant differences between LSCI/ICG-FA and WLI.23

LSCI and ICG-FA indicated the same LOD in 83% 
(19/23) of cases and did not have statistically different levels 

of discordance with an average absolute delta distance of 
0.63 cm (p = 0.16). LSCI indicated a more proximal LOD 
in 3 of the 4 cases with ICG-FA and LSCI discordance—
perfusion did not appear to extend as distally toward the 
resection specimen with LSCI as with ICG-FA.

Figure 1 demonstrates an example of LOD as deter-
mined by the surgeon under WLI and advanced visualiza-
tion methods (both LSCI and ICG-FA) at time point T1, 
with a solid line indicating where the surgeon interpreted 
the ischemic LOD to be using WLI only and dashed lines 
indicating the ischemic LOD using advanced visualization 
(ICG and LSCI). The magnitude of discordance between 
LOD indicated in WLI compared to LSCI and ICG was 
not statistically different when surgeons with ≥10 years of 
experience (3 surgeons) were compared to those with <10 
years (4 surgeons; p = 0.50, p = 0.67).

Surgeons reported that advanced visualization with LSCI 
and ICG-FA influenced intraoperative surgical decision- 
making in 7 of 40 cases (17.5%). In each of these cases, 
the change in clinical decision-making occurred after 
T1 when the surgeon chose where to make the proximal 
specimen transection, in part based on the determination 
of the ischemic LOD. No anastomotic revisions or other 
decision-making changes were performed after perfu-
sion assessment at T2 and T3. In cases in which surgeons 
changed their decision-making, 5 videos were available 
for LOD discordance analysis. The remaining videos 
could not be analyzed because of corrupted video data 
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FIGURE 3.  Average RPU are reported as a function of distance from the surgeon-indicated ischemic LOD (0 mm) with positive distance 
values indicating distal and negative distance values indicating proximal (n = 30). Twenty centimeters proximal to the LOD (*) is, on average, 
8.31% higher than the surgeon-indicated LOD (p = 0.028), and 20 cm distal (**) is, on average, 19.40% lower (p = 2.04E–05). Plateaus of proximal 
(66%) and distal sides (40%) of the LOD are shown as dashed lines by calculating the average of the 3 most outer points (–20, –15, –10 and 10, 
15, 20 cm). LOD = line of demarcation; RPU = relative perfusion unit.
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or case flow factors, causing the surgeon not to mark an 
LOD intraoperatively in both WLI and LSCI. The aver-
age discordance between the ischemic LOD in WLI and 
LSCI was an absolute difference of 3.7 cm, compared to a 
difference of 0.23 cm (n = 21, p = 0.008) for cases without 
decision changes. LSCI resulted in discordant LODs both 
proximal and distal to the WLI-indicated LOD, depending 

on the case (Fig. 2). It was unclear what factors led to a 
more proximal or distal LOD using LSCI compared to 
WLI. In some cases, LSCI may help surgeons limit their 
colonic resections and preserve length for low anastomo-
ses. Figure 2 presents a histogram of discordances between 
WLI and LSCI, highlighting cases in which surgeons 
changed decision-making (indicated by red boxes).

FIGURE 4.  Perfusion assessment of colorectal anastomosis. The single asterisk (*) represents the colon and the double asterisks (**) represent the 
rectum. The arrows indicates colorectal anastomosis, which is shown in standard white light (A), with indocyanine green fluorescence angiography 
(B), and LSCI (C) in which perfusion is represented as a heat map with higher perfusion as warm colors (red, orange, and yellow) and lower as cold 
colors (green and blue). D, Raw LSCI regions of interest data are converted to relative perfusion units. LSCI = laser speckle contrast imaging.
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FIGURE 5.  Average RPUs are reported as a function of distance from the colorectal anastomosis (0 mm) with positive distance values 
indicating distal (rectal) and negative distance values indicating proximal (colonic; n = 35). Twenty centimeters proximal to the anastomosis (*) 
is on average 35.31% higher than the anastomosis (p = 5.18E–16), and 20 cm distal (**) is on average 25.98% higher (p = 6.29E–05). Plateaus of 
the colonic (65%) and rectal sides (57%) of the anastomosis are shown as dashed lines by calculating the average of the 3 most outer points 
(–20, –15, –10 and 10, 15, 20 cm). RPU = relative perfusion unit.
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Relative Tissue Perfusion Analysis
RPU analysis was performed at each time point to quan-
tify, compare, and pool LSCI data. The RPUs at T1 are 
plotted in Figure 3 as a function of distance from the LOD 
identified by the surgeon intraoperatively on the LSCI 
color heat map (n = 30). Ten videos could not be analyzed 
because of corrupted video data, technical factors causing 
LSCI data to be too poor in quality for use in RPU anal-
ysis, or case flow factors causing the surgeon not to mark 
an LOD intraoperatively. The most proximal LSCI RPU 
measurement (–20 mm) was on average 8.31% higher 
than the RPU measurement at the surgeon-indicated LOD 
(p = 0.028), and the most distal measurement (+20 mm) 
was on average 19.40% lower (p = 2.04E–05). RPU analysis 
indicated a continuous gradient of perfusion that declines 
from perfused tissue (proximal) to devascularized tissue 
(distal) along the colonic watershed zone.

At T2 time point, surgeons performed similar per-
fusion assessments in WLI, ICG-FA, and LSCI. Surgeons 
were asked to provide feedback on their perception of 
tissue perfusion, but no post hoc analysis was performed 
at this time point. At T3 time point of the study, when 
surgeons performed a perfusion assessment of the com-
pleted colorectal anastomosis in all visualization modal-
ities (WLI, ICG-FA, and LSCI; Fig. 4), both advanced 
visualization modes (LSCI and ICG-FA) demon-
strated relative ischemia at the anastomotic staple line 
intraoperatively.

The RPUs at T3 are plotted in Figure 5 (n = 35). Five 
cases could not be analyzed because of corrupted video 
data or the inability to visualize the necessary tissue in the 
video data. The distribution of ischemia around the col-
orectal anastomoses at T3 is shown in this graph. The most 
proximal measurement (–20 mm) is an average of 35.31% 
higher than the anastomosis (p = 5.18E–16), and the most 
distal measurement (+20 mm) is an average of 25.98% 
higher (p = 6.29E–05). RPU quantifies relative ischemia 
at the anastomotic staple line compared to proximal and 
distal tissues.

DISCUSSION

This study investigated and compared the intraoperative 
utility of ICG-FA and novel LSCI available on a single 
technology platform to determine tissue perfusion vs isch-
emia in left-sided colorectal resection and anastomosis. In 
addition, post hoc quantification analysis was performed 
to more objectively analyze ischemic patterns using the 
raw infrared signals beyond what could be interpreted by 
naked eye heat map interpretation.

In 17.5% of cases in this study, surgeons changed an 
intraoperative decision based on information provided 
by advanced visualization. This is higher than in previous 
studies using ICG-FA alone, such as the 8% observed in the 
Pillar II trial.12 Although the majority of cases did not show a 

difference in perceived perfusion by white light or advanced 
imaging, in nearly 1 in 5 cases, surgeons appreciated a per-
fusion difference, with a LOD change up to 5.5 cm at the 
T1 measurement. An intraoperative decision to change the 
resection point was correlated to the magnitude of the dif-
ference demonstrated by enhanced visualization compared 
to white light. These results suggest that real-time intraop-
erative advanced visualization may add value to traditional 
inspection with the naked eye and WLI.1–3,17

The study was not intended to discern AL rates with 
or without advanced visualization, but there was a low leak 
rate (n = 1), which was statistically similar to the historical 
cohort. Notably, in the singular case resulting in AL in this 
study, the surgeon did not perceive any tissue ischemia when 
examining the anastomosis in WLI and advanced visualiza-
tion (ICG-FA and LSCI). In addition, post hoc RPU analy-
sis did not identify significant colonic perfusion differences 
before or after anastomosis creation. The leak was detected 
on postoperative day 14 and managed nonoperatively. These 
observations suggest that ischemia, at least at the time of the 
anastomosis, was not responsible for this AL.

Introducing new technology raises concerns regarding 
intraoperative workflow and efficiency. Although ICG-FA 
use and adoption have been more selective, the use of the 
advanced visualization module with ICG-FA and LSCI did 
not increase operative duration compared to the historical 
control cohort, suggesting that the technology could be 
incorporated easily into the surgical workflow. This may 
be driven by the fact that this is a visualization technology, 
which does not require contrast dye injection and timing 
when using LSCI.

Post hoc RPU analysis allows for more precise and 
objective perfusion assessment based on raw infrared sig-
nals placed along a standardized scale. The average isch-
emic demarcation based on RPU analysis was 1 cm more 
distal than the surgeon-indicated LOD based on their 
interpretation of the intraoperative LSCI heat map as indi-
cated by the relative trough of RPU values 1 cm distal to the 
surgeon-indicated LOD (Fig. 3). RPU analysis precisely 
showed higher values on either side of a relatively ischemic 
anastomosis: blood flow at the level of the staple line of a 
colorectal anastomosis was lower than that in immediately 
surrounding tissues. This supports the role of collateral 
perfusion from proximal and distal tissues in anastomotic 
healing. When paired with capability of LSCI for repeated 
intraoperative assessments of perfusion without increased 
patient risk (eg, contrast load) or decreased fidelity (eg, 
contrast retention), RPU analysis may present a promis-
ing avenue for investigating anastomoses and anastomotic 
complications. Because advancements in computer vision 
may be useful in interpreting intraoperative information,31 
more work is in the process to determine clinical correla-
tions and implications of the RPU technology.

This study was powered to investigate technological 
and interpretive differences in intraoperative perfusion 
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assessment between advanced ICG-FA and LSCI visual-
ization technologies, similar to preclinical LSCI studies.23 
Limitations of this study include low power with respect 
to detecting differences in AL rates and the fact that it 
was a single institution study. Randomization was not 
performed in this study, and cohort comparison to the 
intervention group relied on retrospective case-matching. 
Although ICG was injected uniformly at T1 and perfusion 
immediately assessed in 1 to 3 minutes, corresponding 
with best practices,29 repeat ICG injections at T2 and T3 
were encouraged but ultimately left to surgeon discretion 
because of variation in surgeon preference of repeated 
ICG usage and patient safety. Therefore, ICG-FA perfu-
sion assessment at T2 and T3 was not standardized. Due to 
the lack of ICG standardization at time points T2 and T3, 
ICG was only considered in LOD determination at time 
point 1, and time points T2 and T3 focused on LSCI RPU 
analysis alone to ensure that any differences in ICG proto-
col at time points T2 and T3 did not affect study outcomes. 
Extracorporeal vs intracorporeal anastomotic technique 
was also left to the surgeon discretion, which resulted in 
both extracorporeal and intracorporeal perfusion visual-
ization that may have affected both LSCI and ICG-FA mar-
gin assessment across cases. LSCI perfusion assessment is 
affected by variables such as camera distance/angulation, 
tissue motion, and penetration depth.25 Therefore, another 
limitation in this study was the inability to standardize 
LSCI camera distance to target tissue because spatial dis-
tance in laparoscopic surgery is not easily determined. 
RPU analysis helps mitigate this limitation by quantify-
ing perfusion values relative to other tissues in the same 
video frame. The use of advanced visualization (LSCI or 
ICG-FA) resulted in a rate of surgical decision change in 
this study of 17.5%, which is within the range of previously 
published studies of ICG, such as the PILLAR II trial (7.9% 
of cases) and data from the EURO-FIGS registry, which 
showed a decision change of 27.3%.12,18 We acknowledge 
there may have been a Hawthorne effect on practicing sur-
geons using a novel technology/device (LSCI) that could 
have increased the rate of decision changes.

CONCLUSION

This study builds on previous literature suggesting that per-
fusion assessment during colorectal surgery is influential 
to the surgeon’s intraoperative decision-making, especially 
as it pertains to anastomotic creation. Perfusion assessment 
by LSCI was clinically similar to ICG-FA assessment with-
out the drawbacks of fluorophore injection. An increasing 
discordance between perfusion assessment under WLI 
and LSCI is more likely to impact intraoperative surgical 
decision-making. Finally, this study demonstrated the fea-
sibility and highly precise perfusion information obtained 
from relative perfusion analysis of LSCI data.
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