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Abstract

Background Accurate intraoperative assessments of tissue perfusion are essential in all forms of surgery. As traditional methods
of perfusion assessments are not available during minimally invasive surgery, novel methods are required. Here, fluorescence
angiography with indocyanine green has shown promising results. However, to secure objective and reproducible assessments,
quantification of the fluorescent signal is essential (Q-ICG). This narrative review aims to provide an overview of the current
status and applicability of Q-ICG for intraoperative perfusion assessment.

Results Both commercial and custom Q-ICG software solutions are available for intraoperative use; however, most studies on Q-
ICG have performed post-operative analyses. Q-ICG can be divided into inflow parameters (¢p, t0, slope, and T;,max) and
intensity parameters (Fmax, PI, and DR). The intensity parameters appear unreliable in clinical settings. In comparison, inflow
parameters, mainly slope, and 7 ,max have had superior clinical performance.

Conclusion Intraoperative Q-ICG is clinically available; however, only feasibility studies have been performed, rendering an
excellent usability score. Q-ICG in a post-operative setting could detect changes in perfusion following a range of interventions
and reflect clinical endpoints, but only if based on inflow parameters. Thus, future studies should include the methodology
outlined in this review, emphasizing the use of inflow parameters (slope or 7} ,max), a mass-adjusted ICG dosing, and a fixed
camera position.
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Background

Visceral tissue viability is mainly dependent on adequate tissue
perfusion [1-3], and compromised tissue perfusion during sur-
gery is a significant risk factor for complications such as anas-
tomotic leakage (AL) [4-7]. AL is a severe surgical complica-
tion associated with significantly increased health expenses,
increased length of hospitalization, increased risk of recurrence
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after oncological resection, and reduced survival [8—11]. Thus,
securing adequate perfusion during gastrointestinal surgery is
essential. Perfusion assessment has historically been performed
based on visual and tactile cues such as tissue color, peristalsis,
bleeding at the resection line, and palpation of the mesenteric
pulse [12]; however, perfusion assessment by surgeons have
shown low sensitivity and specificity for AL [13]. Also, these
methods are subjective in nature and not applicable during lap-
aroscopic surgery [13], when combined with an increasing
number of robotic and laparoscopic procedures, a new method
for perfusion assessment is required [14, 15].

A promising method for perfusion assessment is fluores-
cence angiography (FA) with indocyanine green (ICG). ICG
is a tricarbocyanine dye with extremely few adverse events; it
binds to lipoproteins in plasma, has a short plasma half-life
(2—4 min), is metabolized exclusively in the liver, and is ex-
creted unmodified in the bile [16, 17]. The microvascular
flow, i.e., perfusion, is considered proportional to the fluores-
cence signal, generated by illuminating the tissue with near-
infrared light, during the first-time ICG passage [18].
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Fluorescence angiography with ICG (FA-ICG) has predomi-
nantly been performed using visual assessment of the fluores-
cence angiography (V-ICG), where the surgeon subjectively
evaluates the fluorescence signal. Numerous reviews and
meta-analysis have evaluated V-ICG, concluding that V-
ICG does seem to decrease the rate of AL in colorectal and
esophageal resections. However, the results could be consid-
ered biased, as the studies were heterogeneous, and no ran-
domized studies were included [17, 19-22]. Recently, a meta-
analysis that also included data from two new randomized
trials found an odds ratio of 0.34, (95% CI 0.22-0.53; p <
0.001) for AL-following colorectal resections. While promis-
ing, the authors stated that the results were biased, as the
included studies were heterogeneous and predominantly had
a retrospective design [23]. These limitations of the studies
mentioned above may be attributed to the subjective nature
of V-ICG, emphasizing the need for objective FA-ICG assess-
ment [19-23].

Quantifying the FA-ICG generates objective perfusion
values, thus eliminating the subjective limitations of V-ICG,
and several quantification methods have been presented [18,
24-26]. Here, instead of the surgeon visually assessing the
FA-ICG, the fluorescent signal is processed by computer soft-
ware generating a fluorescence-time-curve (FTC) [18] (Fig.
1). From this FTC, a range of different of Q-ICG parameters
can be calculated, reflecting tissue perfusion [18]. Several Q-
ICG parameters have been evaluated and have shown exciting
results in the fields of plastic surgery [27, 28], ophthalmic
surgery [29], and neurosurgery [30, 31]. These results con-
clude that Q-ICG is an accurate, objective, and unbiased meth-
od of perfusion assessment. However, Q-ICG is still a novel
technology, and currently, no Q-ICG parameter or methodol-
ogy is considered a gold standard.

This narrative review aims to provide a description of the
state of intraoperative Q-ICG during gastrointestinal surgery
and discuss its potential pitfalls when performed it in a clinical
setting.

Intraoperative Q-ICG

Basic setup

Intraoperative Q-ICG requires four vital pieces of equipment:
the fluorescent dye (indocyanine green), a near-infrared (NIR)
camera, a recording system, and software for processing the
recorded fluorescence signal. All systems that support FA can
be utilized for intraoperative Q-ICG, considering they provide
video output. Many different Q-ICG software systems are
available, and a few commercial FA systems already offer
build-in support for intraoperative Q-ICG [32-34]. Also, sev-
eral custom software solutions have been developed, offering
a more comprehensive range of Q-ICG parameters not cur-
rently available on the commercial market [18, 25, 35].

Methodology

Intraoperative Q-ICG can be performed in several ways; how-
ever, the essential steps are illustrated in Fig. 1.

The FTC and defining Q-ICG parameters

Q-ICG is based on the FTC (Figs. 2 and 3). The FTC is
generated by a Q-ICG software system based on the average
pixel intensity of a selected “region of interest” (ROI) and
plotted against time. The FTC has different phases
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Fig. 1 Intraoperative Q-ICG setup and methodology. Phase 0: (a) The
ICG solution and Q-ICG system are prepared. (b) The near-infrared cam-
era is placed at a set angle and distance to the target tissue. (¢) Regions of
interest are placed in the Q-ICG system by the surgeon in white light.
Phase 1: (a) The fluorescence angiography system is set to emit (red
arrows) and detect near-infrared light (green arrows). (b) Immediately,
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ICG (0.25 mg/kg) is administered through a peripheral venous catheter
followed by a saline flushing (10 mL). Phases 2 and 3: (a) The Q-ICG
software system processes the fluorescence signal and generates a FTC.
Subsequently, the system calculates Q-ICG parameters from the “regions
of interest” selected by the surgeons
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Fig.2 A schematic overview of different Q-ICG phases. Phase 1: (a) The
camera system is set to near-infrared mode, and ICG (0.25 mg/kg) is
administered, followed by a saline flush. (b) The fluorescence-time-
curve displays baseline static. Phase 2: (a) Plasma bound ICG begins to
enter the target tissue. ICG molecules are excited by the near-infrared
light and begin to fluoresce. (b) A steep increase in fluorescence intensity

corresponding to the events that take place on a capillary level
during the FA-ICG. An understanding of these events is nec-
essary to select the optimal Q-ICG parameter, and the events
can be divided into four phases (Figs. 1 and 2).

Phase 0—preparation The NIR camera equipment and ICG
dye are prepared. The NIR-camera is fixed at a set distance

Fig. 3 Definition of Q-ICG pa- Afmax

rameters. A visual representation
of the various Q-ICG parameters
and relative parameters
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is observed. This is the inflow phase. Phase 3: (a) ICG is removed by
hepatic clearance. Thus, less ICG is bound to plasma proteins. (b)
fluorescence-time-curve displays a steady decline in fluorescence inten-
sity. *Permission to re-use this illustration from the paper “Laser speckle
contrast imaging and quantitative fluorescence angiography for perfu-
sion assessment” was obtained from Springer Publishing

and angulation to the area of interest (typically an area at risk
for compromised perfusion). If immediate intraoperative Q-
ICG analysis is desired, ROIs are placed by the surgeon in
white light, and the recording is initiated.

Phase 1—ICG administration The camera system is turned
from white light to NIR-mode, and ICG is subsequently
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administered intravenously, followed by a saline flush (5-10
mL). The delay from ICG administration to the first signifi-
cant increase in fluorescence intensity is termed time to first
fluorescence signal (70). The FTC displays background static
during this phase.

Phase 2—ICG inflow As ICG enters the target tissue, a steep
increase in the fluorescence intensity of the FTC is observed
(provided the tissue is perfused). The fluorescence intensity
continues to increase until the maximum intensity (Fmax) is
reached. This interval is termed time-to-peak (¢tp) [25, 26,
36-39]. Three additional Q-ICG parameters can be derived
from this part of the FTC; slope (s/p), which is the differential
to the FTC during the #fp interval; T« Which is the time
from the first intensity increase until 50% of maximum inten-
sity is reached [25, 26, 37, 40] and the ratio between 7' ,max
and 7fp termed the time ratio (7R) [25].

Phase 3—ICG elimination As the ICG bolus passes the
regions of interest and is eliminated from the vascular
system, the FTC shows a corresponding decrease in
intensity. Here an additional two Q-ICG parameters
can be calculated; drainage ratio (DR), which is the
absolute intensity value at 120 s divided by Fmax
[41] and plateau intensity (PI), which is defined as the
median value intensity in the last 25% of the FA-ICG
[18].

A visual representation of the Q-ICG parameters (Fmax,
ttp, slp, PI, DR, TR, and T} ,max) and the relative Q-ICG pa-
rameters can be seen in Fig. 3. For relative parameters, two
ROIs are selected: One is the reference RO! (blue in Fig. 3)
placed within an area with excellent perfusion, and the other is
the target ROI (gray in Fig. 3) placed in an area at risk of
reduced perfusion. The relative Q-ICG parameter is then ob-
tained by dividing the target ROI with the reference ROI [42].

Intensity vs. inflow parameters

Q-ICG parameters can be divided into two categories:
Intensity and inflow parameters. This separation is warranted
as inflow parameters (ttp, sip, norm slp, T\ pmax, and T0) are
defined from the timing of distinct perfusion events, while
intensity parameters (Fmax, DR, and PI) are based on absolute
fluorescence measurements. Both categories of parameters
have been examined in different settings: “perfusion correla-
tion” comparing already established measures of
microperfusion such as local lactate levels or radiolabeled
microspheres with Q-ICG parameters and “exploratory end-
points” investigating the utility of Q-ICG parameters against
set endpoints. However, these studies have prominently been
in animal models.
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Animal studies—perfusion correlation Fmax was correlated
with radioactive microspheres perfusion in one study utilizing
a normo-perfused porcine model. Here, it significantly corre-
lated with the perfusion in two ROIs (Pearson’s » = 0.78; p =
0.04 and r = 0.88; p = 0.01) [18]. PI had conflicting results
when correlated with radioactive microspheres perfusion in a
porcine model, rendering a significant correlation in one ROI
(r=0.94; p < 0.01) while the correlation was insignificant in
another (r = 0.64; p = 0.12) [18].

Animal studies—exploratory endpoint In a study of 60 rats,
the relative Fmax (R-Fmax) parameter was used to predict
clinical necrosis on day three following bowel strangulation
[41]. A receiver operating characteristic (ROC) analysis was
performed, generating cutoff values and calculating the “area
under the curve” (AUC). It was calculated that a perfusion
level of 40% (AUC 0.75), determined by R-Fmax,
corresponded to an OR of 5.0 (p = 0.06) for clinical necrosis.
This performance was inferior when compared with
standalone clinical assessment, with an OR of 19.2 (p <
0.01) for clinical necrosis.

Clinical studies—anastomotic leakage Several studies inves-
tigating patients undergoing colorectal or esophageal resec-
tion have analyzed if Fmax [25, 26, 36-38] or R-Fmax [39]
could detect a difference in anastomotic perfusion between
patients suffering from AL and patients without AL. Only a
single study, utilizing Fmax, could present a significant dif-
ference between the two groups [26].

Inflow parameters

Animal studies—perfusion correlation studies The s/p param-
eter was analyzed in four animal studies where it showed a
linear correlation (Spearman’s rhio/Pearson’s r = 0.78-0.97)
with radioactive microspheres perfusion [18, 43, 44]. The sip
parameter performed slightly better in a normo-perfused por-
cine model (Pearson’s »=0.97, p =0.001) [ 18] compared with
an arterial ischemia model in rabbits and porcine (70 = 0.78—
0.90) [43, 44].

Two studies also utilized a normalized slope parameter to
mathematical compensate for the fluctuations in fluorescence
intensity caused by differences in the baseline and maximum
intensity between test subjects [18, 45]. The normalized slope
produced a strong correlation with local lactate levels in a
normo-perfused porcine model (Pearson’s » = 0.96, p =
0.001) [18] and an acceptable correlation with local lactate
levels in an ischemic porcine model (v70 = 0.77, p < 0.001)
[45].

The ttp parameter has been analyzed in two porcine studies
[18, 35] using either local lactate levels [35] or radioactive
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microspheres as markers for perfusion [18]. Compared with
radioactive microspheres in a normo-perfused model the #p
parameter rendered conflicting results, correlating in one ROI
(Pearson’s r = — 0.84, p = 0.02), while not in another ROI
(Pearson’s » = — 0.67, p = 0.10) [18]. When compared with
local lactate levels in the ischemic ROIs, the #p parameter
performed well (vho = 0.71); however, its performance again
decreased within a normo-perfused ROI (740 = 0.30) [35]. To
our knowledge, no studies have investigated the validity of TO
or Tl /2max-

Animal studies—exploratory endpoint studies The relative
time-to-peak (R-ffp) parameter was explored in a series
of porcine studies to determine if intraoperative Q-ICG
could help surgeons locate optimal sites for anastomosis
[24, 42, 46].

The Q-ICG system was set to select clinically viable mar-
gins at a 50% increased #p (e.g., reduced perfusion) compared
with a well-perfused reference ROI. The “presumed clinically
viable” margins selected by the Q-ICG system had significant-
ly lower levels of local lactates compared with the margins
selected by an unassisted surgeon [24, 46]. In another study,
the Q-ICG system was set to select resections sites at 25%, and
75% of maximum perfusion based on R-s/p. Here, an indicator
oflocal ischemia (lactate levels) was significantly higher at the
25% site compared with the 75% site (3.7 mmol/L vs. 2.9
mmol/L, p < 0.01) [42].

Several other inflow parameters have been explored fol-
lowing a range of interventions, illustrated by the following
examples: (1) A relative-norm-slope parameter could detect
a pharmaceutically induced relative increase in anastomotic
perfusion following a blinded, randomized, placebo-
controlled administration of glucagon-like peptide 2
(GLP-2) in pigs undergoing a small bowel resection (p <
0.05) [47]. (2) A relative-slope parameter was used to iden-
tify sites for anastomosis at 30%, 60%, and 100% of relative
perfusion. The anastomosis created at 30% relative perfu-
sion had a significantly lower tensile strength than anasto-
moses created at 60% or 100% perfusion (9.09 N vs. 11.5 N
and 12.9 N, p < 0.05) [48]. 3) The relative-slope parameter
could detect a significant reduction in intestinal perfusion of
a rat bowel following intestinal manipulation. Compared
with a reference ROI, the regional perfusion dropped from
100 to 61% (p < 0.05) directly following intestinal perfu-
sion, and it further decreased to 41% (p < 0.05) at 24 h post
manipulation [49].

Clinical studies—anastomotic leakage Clinical studies within
the fields of esophageal and colorectal surgery have analyzed
if the inflow parameters (¢p, sip, T0, or T ,max) could detect
differences in perfusion between patients with and without AL
[25, 26, 36-38, 40]. The results were conflicting; a majority of
studies using slp, T0, or Ty,max did find a significant

difference in perfusion between patients with and without
AL [25, 26, 36, 38, 40]; however, each parameter has also
failed to separate the groups in select studies.

In the case of #p, three studies did find a significantly
longer #p interval in patients with AL compared with patients
without AL [25, 26, 36]. However, tp also failed to show a
significant difference in three studies [37-39]. The slp param-
eter was only analyzed in three studies, and while it did show a
significant difference in perfusion between patients with and
without AL in some studies [25, 26], it also failed in one study
[37]. The T;/max parameter managed to identify a significant
difference between patients with and without AL in three
studies, and only failed in a single study [37]. Finally, the 70
parameter showed a significantly longer 70 interval in patients
with AL compared with patients without AL [37, 38], while
one paper found no difference [26].

An important note is that none of the clinical studies per-
formed intraoperative Q-ICG; instead, the Q-ICG analysis
was performed post-hoc by analyzing video recordings of
the FA. Consequently, these studies can mainly be utilized
to identify high-performance parameters and establish cutoff
values by ROC analysis. In a ROC analysis of colorectal
anastomotic complications the following cutoff values were
found sip < 0.7 AU/s (AUC = 0.12, p = 0.002), T omax > 18 s
(AUC = 0.96, p < 0.001) and 7R > 0.6 (AUC = 0.93, p <
0.001) [25]. Another study looked at venous anastomotic fail-
ure and established a cutoff value of T} 5max > 9.6 s (AUC =
0.82) [40]. These results, while illustrative, should be
interpreted with caution as the studies were heterogeneous in
design, mostly retrospective, and lacked matched or random-
ized control groups.

Challenges with intraoperative Q-ICG

The previous section illustrates that various Q-ICG parameters
are validated for assessing visceral tissue perfusion and can
detect changes in perfusion following a range of interventions.
However, when interpreting the results of Q-ICG, one should
be mindful that several factors may distort the validity of the
Q-ICG readings:

Securing a fixed camera distance and set angulation toward
the target tissue is critical as the fluorescence intensity de-
creases with increased camera distance due to the inverse-
square law [50]. A similar argument applies to the angulation
of the camera as with increased angulation to target ROI; less
light illuminates the tissue and the lens [51]. Finally, a steady
camera is optimal for reducing the number of movement arti-
facts. We recommend utilizing a mechanical holding arm or
the “lock camera” feature on robotic equipment at a fixed
distance with the steepest possible angulation to the target
ROL

1. The ICG-plasma concentration is critical, especially for
Q-ICG parameters based on absolute values, as the
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fluorescence intensity depends on the underlying ICG
plasma concentration, c.f. Lambert-Beers Law [52].
Ensuring a stable and comparable ICG plasma concentra-
tion between patients is challenging as it depends on the
distribution volume, regional perfusion, and rate of me-
tabolism. Hence, a body mass-adjusted ICG administra-
tion (0.25 mg/kg) is preferable.

2. Systemic perfusion factors are likely to affect local fluo-
rescence intensity, as local blood flow is depending on
systemic parameters and influenced by cardiac output,
blood pressure, and vasoconstriction [53]. We recom-
mend continuous monitoring of these systemic perfusion
factors during surgery, and that they should be considered
when interpreting the Q-ICG results.

3. The diffusion/retrograde flow problem can distort the
fluorescence intensity in select cases with compromised
tissue perfusion. Initially, the FTC displays a low-
intensity value and thus correctly reflects the compro-
mised perfusion. However, the ICG concentration within
the target ROI with reduced perfusion may increase due to
overtime diffusion and retrograde flow, resulting in false-
ly inflated Fmax values [25, 42, 46]. As such, we recom-
mend only using inflow parameters as this problem only
affects intensity parameters.

4. Selection of representable ROIs. This factor depends on
the surgeon’s selection of representable ROIs while ac-
counting for movement due to respiration or peristalsis
during the FA. Furthermore, light reflections at the serosa
side of the intestine can result in suboptimal ROI place-
ment. Also, movement of the target ROI due to breathing
or peristalsis is problematic and challenging to eliminate;
however, one study has shown that a computerized
motion-tracking can compensate for most of the move-
ment [54].

5. Differences between FA systems. Various FA systems
have different sources of excitatory light (LED vs.
Halogen vs. Diode lasers) [17] and sensitivity to the fluo-
rescence light (difference in filters and sensors). The mea-
surement of the fluorescence intensity likely differs be-
tween two FA systems, even if all other factors are kept
constant.

Recommendations for utilizing Q-ICG

We can conclude that the available studies on Q-ICG are
heterogeneous both in terms of the investigated parameter,
methodology, endpoints, and results. Hence, illustrating the
apparent need for a consensus regarding the employment of
Q-ICG in clinical practice. Also, the technology for intraoper-
ative Q-ICG is currently available, but studies are investigat-
ing the performance of intraoperative Q-ICG are lacking. We,

@ Springer

therefore, present the following suggestions regarding the
three challenges that Q-ICG must overcome before it can be-
come a practical tool in the clinic.

Selection of Q-ICG parameter Various Q-ICG parameters
(Fmax, ttp, slp, and norm slp) have been validated in animal
studies. However, some parameters (Fmax, tfp) performed
inconsistently in clinical settings. The limited clinical perfor-
mance of the Fmax parameter can likely be explained by its
sensitivity to changes in camera distance and angulation, ROI
selection, ICG plasma concentration, systemic perfusion fac-
tors, and the retrograde flow/diffusion problem. Thus, even if
two hypothetical patients had the same perfusion, different
Fmax values could still be rendered, as keeping all these fac-
tors constant between patients is extremely difficult in a clin-
ical setting. The #tp parameter had superior performance to
that of Fmax; however, still not satisfactory. The lack of per-
formance cannot alone be explained by the Q-ICG challenges,
as ttp is resilient to changes in camera distance, angulation,
ICG plasma concentration, and the retrograde flow/diffusion
problem. T7p is resilient because it is resultant from the timing
of the perfusion events rather than the exact fluorescence in-
tensity measurements. However, #fp tended toward a weak
correlation with perfusion, especially in well-perfused tissue
[18, 35]. Consequently, #p might have had difficulties in a
clinical setting, as most patients are expected to have adequate
tissue perfusion.

Sip and T »max had the best clinical performance for iden-
tifying AL patients, only failing in a single study that selec-
tively included patients at high-risk for AL [37]. Both param-
eters are calculated from the inflow phase of the FTC.
Experimental studies of perfusion in computer models have
shown that the inflow phase of the FTC most accurately re-
flects the microperfusion [55, 56]. These findings are in ac-
cordance with the animal validations studies that found excel-
lent correlations coefficients for slp and norm sip [18]. While
no validation studies utilized 7 .y, it does resemble slp from
a mathematical point of view as it integrates both intensity and
timing information during the critical inflow phase (Fig. 3).
Furthermore, by utilizing normalization, one can modify the
slp parameter to be based on relative changes in fluorescence
intensity in a similar fashion to 7 ,max. Thereby significantly
reducing the impact of several Q-ICG challenges that affect
the measurement of the fluorescence intensity such as camera
distance, angulation, ICG plasma concentration, and differ-
ences in FA camera systems [18, 45, 51].

Finally, the 70 parameter, while not validated in any animal
studies, did show a satisfactory clinical performance [37, 38].
It is based on the timing of fluorescence events in a similar
fashion to #fp and, therefore, resilient to most of the Q-ICG
challenges. 70 is also easy and fast to use, and some studies
have even examined it without using a computer. Instead, it
was determined by the surgeons’ assessment of the visual FA-
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ICG [57-59]. However, 70 suffers from a few unique prob-
lems as it may be influenced by peripheral vs. central venous
catheter, catheter diameter, infusion speed, the height of the
person, and vascular status [60]. In conclusion, we ultimately
recommend using either the 7.« Or the slp parameter. An
overview of the viability of the different parameters is present-
ed in Table 1.

Options for intraoperative Q-ICG systems The current options
for intraoperative Q-ICG are viable, as illustrated by one fea-
sibility study that has developed a custom Q-ICG system. It
reported an excellent system usability (SUS® of 82.5). Also,
surgeons assisted by Q-ICG suggested sites for anastomosis
with significantly higher perfusion than both surgeons in
white light or with V-ICG [61]. Complementing the custom
solutions are the commercial FA equipments that have begun
to offers options for intraoperative Q-ICG [32-34]; however,
most commercial systems only utilize the limited Fmax or R-
Fmax parameters. Thus, future systems should be improved,
drawing inspiration from studies that have already demon-
strated intraoperative Q-ICG in both animals [24, 35, 42, 46]
and patients [61, 62].

Interpreting the Q-ICG measurements An objective reference
frame for Q-ICG parameters must be created as clinical deci-
sions will remain subjective unless cutoff values are
established. Hence, the next step for Q-ICG must be to devel-
op procedure-specific cutoff values for the most common gas-
trointestinal procedures and clinical outcomes (anastomotic
leakage, intestinal viability, etc.). Currently, only a few studies
have established cutoff values for anastomotic and venous
anastomotic failure based on slp, T ,max, Fmax, and fp [25,
26, 40]. However, these cutoff values are still heterogeneous

and not validated. Therefore, before establishing procedure-
specific Q-ICG cutoff values, a few notes should be consid-
ered. The reproducibility and feasibility of the Q-ICG evalu-
ations could be improved by utilizing relative Q-ICG param-
eters. This is because cutoff values based on relative parame-
ters create an index of perfusion rather than being based on an
exact numerical value. In a clinical setting, it is more feasible
for a surgeon to interpret a relative perfusion index of 50%
based on Tj,max rather than aim for a 77max value < 15 s
(values are arbitrarily selected). Besides, relative parameters
are less susceptible to the challenge that different FA systems
poses. Despite these advantages, relative parameters have
remained mostly unexplored in clinical settings.

Conclusion

Many Q-ICG parameters have been validated for perfusion
assessment. However, Q-ICG parameters based on either in-
tensity parameter (R-Fmax, R-DR, and Fmax) or timing pa-
rameters alone (#fp) have difficulties reflecting clinical end-
points. Instead, parameters that combine both timing and in-
tensity during the inflow phase (7 ,max and slp) does reflect
clinical endpoints. These parameters are also less sensitive to
most of the factors that challenge intraoperative Q-ICG. Thus,
we recommend using the methodology outlined in this review
with a mass-depended ICG dosing (0.25 mg/kg), fixated NIR
camera setup, stable systemic perfusion factors, and utilizing
either the T pmax OF slp parameter. Furthermore, while intra-
operative Q-ICG predominantly has been performed in animal
studies, recent clinical studies have proven that intraoperative
Q-ICG is technically feasible with both commercial and cus-
tom software solutions. Thus, the next step for Q-ICG will be

Table 1 A semi-quantitative as-
sessment of Q-ICG parameters

Performance in animal perfusion

Clinical performance Resilience to Q-ICG

correlation studies challenges

Intensity parameter

Fmax Jok e PAgApAs PigAgis

Pl K eve N.A TR

DR N.A edeve
Inflow parameter

Sip K%k k Kok v Kok ve

Norm sip Kk k N.A 2.2.0.9

T pmax ok Kk Kk

tp Jokve Jokde ok

70 Jokde ok

TR Jokde kv

Fmax, maximum fluorescence intensity; P/, plateau intensity; DR, drainage ratio; sip, slope; norm s/p, normalized
slope; 7' 2max» time to 50% of maximum intensity; #fp, time-to-peak; 70, time to first fluorescence signal; 7R, time

ratio; N.A, not applicable
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to establish procedure-specific cutoff values that will allow
surgeons to make decisions based on objective and unbiased
perfusion assessments.

Limitations

This narrative review is based on expert knowledge of the
topic rather than a systematic literature review. As such, we
cannot exclude that relevant studies have been overlooked.
Also, arguments and views presented in this review are based
on the author’s knowledge of Q-ICG; however, support from
the literature has been sought when possible. Q-ICG is still a
novel tool, and the heterogeneity between published studies
limits the possibilities for a meta-analysis.
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