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Abstract

Background Compromised tissue perfusion is a significant risk factor for anastomotic leakage after intestinal resection,
leading to prolonged hospitalization, risk of recurrence after oncologic resection, and reduced survival. Thus, a tool reducing
the risk of leakage is highly warranted. Quantitative indocyanine green angiography (Q-ICG) is a new method that provides
surgeons with an objective evaluation of tissue perfusion. In this systematic review, we aimed to determine the optimal
methodology for performing Q-ICG.

Method A comprehensive search of the literature was performed following the PRISMA guidelines. The following data-
bases were searched: PubMed, Embase, Scopus, and Cochrane. We included all clinical studies that performed Q-ICG to
assess visceral perfusion during gastrointestinal surgery. Bias assessment was performed with the Newcastle Ottawa Scale.
Results A total of 1216 studies were screened, and finally, 13 studies were included. The studies found that intensity param-
eters (maximum intensity and relative maximum intensity) could not identify patients with anastomotic leakage. In contrast,
the inflow parameters (time-to-peak, slope, and t;,max) were significantly associated with anastomotic leakage. Only two
studies performed intraoperative Q-ICG while the rest performed Q-ICG retrospectively based on video recordings. Studies
were heterogeneous in design, Q-ICG parameters, and patient populations. No randomized studies were found, and the level
of evidence was generally found to be low to moderate.

Conclusion The results, while heterogenous, all seem to point in the same direction. Fluorescence infensity parameters are
unstable and do not reflect clinical endpoints. Instead, inflow parameters are resilient in a clinical setting and superior at
reflecting clinical endpoints.
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One of the most feared complications following gastrointes-
tinal surgery is anastomotic leakage (AL). AL is a complica-
tion with potentially dire consequences. Studies have shown
an increased length of hospitalization, increased health
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expenses, increased risk of recurrence, reduced mobility,
and reduced survival [1, 2]. AL is a multifactorial compli-
cation associated with several risk factors: Male gender,
blood transfusion, steroids, nonsteroidal anti-inflammatory
drugs, bacterial microbiome, and lack of surgical experience
[3-6]. However, one of the most important reasons for AL
is inadequate visceral perfusion [7-9]. Thus, securing good
perfusion of the anastomosis is a vital piece of the puzzle
towards reducing the rate of AL.

Traditionally perfusion assessment has been performed
visually and manually by surgeons. They rely on the color
of the tissue, peristalsis, bleeding from the resection line,
and palpation of the mesenteric pulse to determine if the
visceral perfusion is acceptable [10]. However, these meth-
ods are limited when performing minimally invasive surgery
[10]. Furthermore, this traditional assessment is subjective
to interpretation by the surgeon, which is demonstrated in
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studies showing that surgeons’ sensitivity and specificity for
predicting AL is low [11]. Hence, there is a need for a new
method to evaluate visceral perfusion.

A strong contender for this method is fluorescence angi-
ography (FA) with indocyanine green (ICG). FA can be
divided into two methods: Visual fluorescence angiography
(V-ICG), where the surgeon assesses the fluorescence signal,
and quantitative fluorescence angiography (Q-ICG), where
a computer algorithm interprets the fluorescence signal. In
Q-ICG, the fluorescence signal is translated into a fluores-
cence—time curve. Subsequently, a computer algorithm can
calculate different Q-ICG parameters (Fig. 1). The various
Q-ICG parameters then reflect the perfusion of the examined
tissue [12, 13].

Reviews have found that surgeries assisted by V-ICG tend
towards a lower risk of AL in both esophageal and colo-
rectal surgery [14—17]. However, the reviews considered
the results biased, as they mainly included retrospective-
and non-randomized studies. Two randomized-controlled
studies exist, 1 found a significantly lower rate of AL in
patients who underwent V-ICG compared with the controls
(14.4 vs. 25.7%, p=0.04) when performing low colorectal
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anastomoses [18]. On the contrary, the other found no signif-
icant difference between V-ICG and controls in the AL rate
following colorectal resection [19]. Hence, several reviews
of V-ICG have concluded that an objective (quantitative)
methodology is needed to overcome the inherited observer
bias of V-ICG [12, 14, 15, 17]. However, no gold standard
regarding the optimal methodology and Q-ICG parameters
have been established.

In this systematic review, we aimed to explore which
Q-ICG parameters express the most robust association to
clinical endpoints as re-resection or the occurrence of AL
and search for the optimal methodology when performing
Q-ICG.

Materials and methods
Search strategy
This study followed the PRISMA statement for system-

atic reviews, and the protocol was submitted to PROS-
PERO (reference number: CRD42020151477). This study
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Fig.1 An illustration of the different Q-ICG parameters and how
they are calculated. The parameters are divided into two categories:
(1) The Intensity category: Fmax Maximum fluorescence intensity,
R-Fmax relative maximum fluorescence intensity, and plateau inten-
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sity. (2) Inflow category: #tp Time-to-peak, slp slope, norm slp nor-
malized slope, ¢;,max time to 50% of the maximum fluorescence
intensity, 7R time ratio, Tmax time from ICG injection to maximum
fluorescence, and 70 time to first fluorescence signal
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required no approval from an institutional review board
nor written consent. The search strategy was guided by the
characteristics of our PICO-questions: Population: Clini-
cal studies. Intervention: Q-ICG visceral perfusion assess-
ment. Comparison: Different Q-ICG methodologies and
parameters. Outcomes: Studies had to report a re-resection
or the occurrence of AL.

We aimed for a very general search string as not to
risk excluding relevant studies. The search string was con-
structed using the PubMed search builder. Subsequently,
the following databases were searched: PubMed, Embase,
Scopus, and Cochrane. The search was performed on the
16™ of April 2020. The following search string was used:

“(Fluorescence OR fluorescence angiography OR
laser fluorescence videography OR fluorescence-
Assisted Resection and Exploration OR near-infra-
red fluorescence angiography OR NIR fluorescence
angiography OR angiography OR FLARE OR near-
infrared imaging OR SPY OR near-infrared imaging
OR video fluorescence OR Enhanced-Reality Video
fluorescence) and (Indocyanine Green OR ICG OR
Q-ICG) and (Quantitative Perfusion OR Perfusion
angiography OR Perfusion monitoring OR Perfusion
anastomotic OR Quantitative OR quantitative assess-
ment OR Q-assessment OR Microcirculation)”

The selection process was assisted by an online tool
(Rayyan®) [20]. Two investigators screened studies for
inclusion and exclusion criteria. Any conflicts that arose
during the evaluation were discussed in the author group
to reach consensus. Finally, snowballing inclusion was
performed through reference screening.

Eligibility criteria

The inclusion criteria were as follows: Studies had to use
a numerical Q-ICG parameter from the time—fluorescence
curve with relation to re-resection or AL. Studies had to
assess the perfusion of gastrointestinal organs during a
surgical procedure. Only English language studies pub-
lished in peer-review journals were accepted. The exclu-
sion criteria were: Wrong study design (case reports <5
subjects, experimental animal studies, reviews, conference
abstract, and editorials) and ex vivo studies.

Quality assessment
The quality assessment was performed by two authors

independently. Studies were evaluated using the Newcastle
Ottawa Scale (NOS) for retrospective cohort studies [21].

Statistics

Normally distributed data were given in mean + SD and
non-normal distributed data as median with range. P val-
ues < 0.05 were considered significant. An unpaired 2-sided
T test was performed with IBM SPSS Statistics (v. 25, SPSS
Inc, IBM, Chicago, IL, USA).

Results
Study characteristics

The initial search yielded a total of 1216 studies. Subse-
quently, 28 studies were included for a full-text screening,
of which 13 were accepted for final inclusion [13, 22-33].
An overview of the process is depicted in a PRISMA flow
diagram (Fig. 2).

The 13 studies included a total of 1918 patients. Q-ICG
and V-ICG were performed in 1150 patients, while the
remaining 768 patients were controls. The number of
patients in the studies ranged from 9 to 657. The clinical
studies were divided into the following fields: Two investi-
gating esophageal surgery (n=46) [27, 29], ten colorectal
surgery (n=1863) [13, 22-24, 26, 28, 30-33] and 1 gas-
trointestinal trauma surgery (n=9) [25]. All studies were
published during the period from 2015 to 2020. The surgical
techniques varied among the studies; however, most of the
studies used a laparoscopic technique (Table 1).

Bias evaluation

The results of the NOS-bias evaluation showed a low to
moderate level of evidence. Only four studies had a high
level of evidence [13, 23, 30, 32], while the remaining nine
had a poor level of evidence. Studies mainly scored low due
to a lack of multivariate analysis, inadequate blinding, and
a description of follow-up. (Table 2).

Q-1CG methodology

Q-ICG was performed either intra-or postoperatively based
on video recordings. Most studies used video recordings;
however, two studies did perform intraoperative Q-ICG, both
assisted by the SPY elite system [25, 31]. One study per-
formed V-ICG transanally and examined the mucosal side
of the anastomosis [22]. The remaining examined the serosa
side of the anastomosis or tissue to be anastomosed.

The studies analyzed Q-ICG parameters of both the
intensity category: Maximum fluorescence intensity
(Fmax) and relative maximum fluorescence intensity
(R-Fmax),) and the inflow category: Time-to-peak (¢tp),
slope (slp), normalized slope (norm slp), time to 50% of
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Fig.2 PRISMA flowchart depicting the literature search

the maximum fluorescence intensity (¢;,max), time ratio
(TR), time from ICG injection to maximum fluorescence
(Tmax), and time to first fluorescence signal (70) (Fig. 1)
[12, 13, 22, 30]. The relative Q-ICG parameters were
calculated by selecting two or more region(s) of interest
(ROIs). Many different FA systems were used, and the
most popular was the Spy-Elite system, utilized in four
[23-25, 31] of 13 studies. The most popular Q-ICG param-
eters were the intensity-based (Fmax or R-Fmax), and 6
studies only explored 1 of these 2 parameters [23-25,
30-32]. A detailed description of the applied Q-ICG
parameters is listed in Table 1.

The dosing of ICG was heterogeneous as 9 of 13 studies
used different dosing regiments. Most studies used a fixed
dose ranging from 1.25 to 10 mg, while only two studies
used a dosage depended on body weight [13, 22]. Finally,
the timing of fluorescence measurement was only reported
in seven studies [13, 24, 2628, 31, 33]. Five studies had a
recording period of approximately five minutes following
the administration of ICG [13, 2628, 33]. The remaining
two studies only performed Q-ICG once at a predetermined
interval. These studies sampled a Fmax value once at 60 s
post-ICG injection [24, 31].

@ Springer
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Non visceral perfusion assessment (7

No numerical Q-ICG values presented (/7= 5)

Clinical endpoint-Re-resection

In all but two studies, the decision to perform a re-resection
was based on V-ICG and not Q-ICG [25, 31]. In one study
investigating laparoscopic colorectal resection with intra-
operative Q-ICG using Fmax with no fixed cut-off, four
patients (5.2%) had re-resection followed by an uncom-
plicated postoperative course [31]. In the other study, the
repair of nine military trauma-related bowel injuries was
assisted with perioperative Q-ICG. Arbitrary cut-off values
of R-Fmax>25% or Fmax > 6AU were used, resulting in
re-resection in 3 patients (33.3%) [25].

In four studies, Q-ICG was performed post-surgery to
determine if patients who underwent re-resection could
be distinguished from the patients without re-resection by
a Q-ICG system. In one study, no significant difference
in Fmax was observed at the re-resection site in colorec-
tal patients (169 vs. 192AU, p=0.11) [23]. Another study
reported a lower Fmax in colorectal patients with re-resec-
tion but did not include a statistical analysis [24]. A study
analyzed Fmax and tfp in the gastric phase of esophagec-
tomy but did not find a significant difference in re-resection
patients [27]. Finally, a single study found a significantly
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Table 1 Descriptive characteristics of clinical studies

Studies Demographics Q-ICG description Re-resection
following
Q-ICG
Study design n Procedure Imaging system Software Q-ICG param- ICGdose  Frequency
eters
Green et al. [25] Pros 9 Trauma: Open SPY-Elite SPY-Q Fmax and 7.5 mg 33.3%
system® software® R-Fmax
Protyniak et al. ~ Pros 77  Colorectal: SPY-Elite SPY-Q Fmax N/A 5.2%
[31] Laparoscopic system? software®
Chang et al. [23] Pros. blinded 110 Colorectal: SPY-Elite SPY-Q?* Fmax 5 mg -
Laparoscopic system?
Robotic and
Open
Dinallo et al. Retro. control 554 Colorectal: SPY-Elite SPY-Q?* Fmax 2 mL -
[24] cohort Laparoscopic system?
and Robotic
Son et al. [13] Pros 86  Colorectal: Karl Storz? Tracker 4.97¢ AFmax, t;,max, 0.25 mg/kg -
Laparoscopic and TR
Wada et al. [33] Retro 112 Colorectal: PDE-neo ROIs System® Fmax, ttp, Slp, 5 mg -
Laparoscopic System® 10 and t;,max
Wada et al. [32] Retro. Propen- 149 Colorectal: PDE-neo® ROIs System® Fmax 5mg -
sity matched Laparoscopic
Hayami et al. Pros 22 Highrisk Karl Storz” ROIs Software®  Fmax, slp, Smg -
[26] colorectal: t;,max, and
Laparoscopic 70
Kim et al. [30] Retro. Control 657 Colorectal: Firefly® ROG160B0! R-Fmax (25% 10 mg -
cohort Robotic increments)
Ishige et al. [27] Pros 20 Esophagectomy: Olympus’ ROIs Software®  t1p and Fmax 1.25 mg -
Open
Kamiya et al. Retro 26  Esophagectomy: PDE-Neo® ROIs Software®  Fmax and N/A -
[29] Open 1, pmax
Amagai et al. Pros 71  Colorectal: Olympus’ Imagel Fmax, ttp, and 0.2 mglkg -
[22] Laparoscopic software® Tmax
and open
Iwamoto et al. Pros 25  Colorectal: PINPOINT" ROIs Software®  T0 and ttp 7.5 mg -

[28] Laparoscopic

Pros Prospective cohort studies; Retro Retrospective cohort studies, n No. of patients

#LifeCell Technologies, Mississauga, Ontario, Canada; ®Karl Storz GmbH and Co., KG, Tiittlingen, Germany; “Hamamatsu Photonics, Japan;

d

Douglas Brown, Open Source Physics, Boston MA, USA; “Intuitive Surgical, Sunnyvale, USA; fOlympus corporation, Tokyo, Japan; ENational
Institutes of Health, Maryland, USA; hSTRYKER, Kalamazoo, Michigan, U.S; 'Microsoft PowerPoint, Santa Rosa, USA

lower Fmax in colorectal patients who had re-resection (51.7
vs. 82AU., p<0.05) [32].

Clinical endpoint-anastomotic leakage

Seven studies (n=652) analyzed Q-ICG parameters in
patients with AL and compared them with patients without
AL [13,22,26,28-30, 33]. The studies analyzed the follow-
ing Q-ICG parameters: Fmax, slp, ttp, t;,max, TR, Tmax,
and TO. Six studies investigated colorectal AL [13, 22, 26,
28, 30, 33], and 1 looked at venous anastomotic failure dur-
ing esophagectomy [29] (Table 3).

The Fmax parameter was examined in five stud-
ies (n=317) [13, 26, 29, 33]. However, only one study

(n=112) had a significant difference in Fmax, compar-
ing AL patients with non-AL patients (38.14 vs. 91.1AU,
p<0.001) [33].

The slp parameter was examined in three studies
(n=220). Two studies found a significantly different sip
value between the AL and no-AL group (0.98 vs. 3.6 AU/s,
p=0.009) [33] and (0.7/s AU vs. 2.5AU/s, p=0.001) [13].
However, Hayami et al. (n=22) who selectively included
only patients with a high risk of AL did not find a significant
difference (3.4 vs. 5.5 AU/s, p=0.27) [26].

The t;,max parameter was examined in four stud-
ies (n=246). Three studies found significantly differ-
ent t;,max values between the AL and non-AL group
(»=0.001;<0.001;<0.001) [13, 29, 33]. However, again,
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Table 2 Quality assessment of

. . ; Studies Selection Comparabil- Outcome Total score
clinical studies according to the ity
Newcastle Ottawa Scale
1) 2) 3) 4) Score 1) Score 1) 2) 3) Score

Green et al. [25] c c a a otk k - Yo b b d %% Poor
Chang et al. [23] a c a a k% kkx ab %% b a a * %% Good
Dinallo et al. [24] a a a a “kkk — Yo b b a * %% Poor
Protyniak et al. [31] a ¢ a a  kdkk - Yo b b a * ¥ Poor
Son et al. [13] a c a a *Hkk  a— Kk b a a * %% Good
Wada et al. [32] a c a a Kk — Yo b b a * ¥k Poor
Wada et al. [33] c a a a Fhkkk  a— Kk b b a K%k Good
Hayami et al. [26] [ c a a Kok k  a- Kk b b a %% Poor
Kim et al. [30] a a a a *kkkx ab *x % b a d k% Good
Ishige et al. [27] a c a a - - RAGAS b a a %k Poor
Kamiya et al. [29] a ¢ a a Kk — PAGAS b b a %k Poor
Amagai et al. [22] a ¢ a a Kk k - PAGAS b b a %k Poor
Iwamotoetal. [28] a ¢ a a %k kk a-— k% b b a %% Poor

* Star awarded, % No star awarded

Hayami et al. did not find a significant difference (13.3 vs.
7.8s,p=0.12).

The #tp parameter was examined in six colorectal studies
(n=674) [13, 22, 26, 28, 30, 33]. Three studies found signif-
icantly different #tp values between AL and non-AL patients
(p=0.04; 0.001; 0.01) [13, 22, 33]. The remaining three
studies did not find a significant differences (p =0.09; 0.85;
0.33) [26, 28, 30]. Unlike the other studies, one study only
performed FA before the creation of the anastomosis [28].

The T0 parameter was examined in three studies (n=159)
[26, 28, 33]. One study did not find any statistical differences
between patients with or without AL; neither did they report
any numerical 70 values [33]. Another study found a signifi-
cant longer 70 in patients with AL (64.3 s) compared with
non-AL patients (18.3 s, p=0.002) [26]. Finally, one study
found a significant longer 70 in patients with AL (37.5 s)
compared with non-AL patients (11.0 s, p=0.03) [28]. Data
for the remaining Q-ICG parameters are listed in Table 3.

Q-ICG cut-off values-anastomotic leakage

Three studies performed a ROC analysis as a method to estab-
lish Q-ICG cut-off values associated with AL [13, 29, 33].
One study examining colorectal resections (n=86) calculated
an area under the curve (AUC) of 0.12, 0.96 and 0.93 at the
following cut-off values slp <0.7 AU/s, t;,max>18 s and
TR> 0.6 for AL [13]. Subsequently, the authors performed a
multivariate analysis and calculated an odds ratio of 130.8 for
AL if TR>0.6 (p=0.002). Another colorectal study (n=112)
also performed a ROC analysis and found that Fmax and
slp performed better than both ttp and ¢;,max (no statisti-
cal data published) [33]. Furthermore, this study performed
a sensitivity analysis and proposed the following cut-off
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values for anastomotic leakage: Fmax>52AU, ttp> 57 sec,
t;,max>14 s, and slp <2.1 AU/s [33]. Finally, an esophageal
study (n=26) found an AUC of 0.82 for venous anastomotic
failure at a cut-off value of ¢; ,max>9.6 s [29].

Discussion

This systematic review found that Q-ICG can identify patients
with significantly increased risk of AL; however, only if per-
formed with the correct methodology and Q-ICG parameters.
On one hand, studies that analyzed the inflow parameters (slp,
70, and ¢, ,max) could significantly differentiate between AL
patients and non-AL patients in most of the studies. The ttp
parameter, while also an inflow parameter, had conflicting
results as three studies found statistical evidence for an asso-
ciation with AL [13, 22, 33], and three did not [26, 28, 30]. On
the other hand, the intensity parameters (Fmax and R-Fmax)
were only significantly associated with AL in 1 of 6 studies
[33]. Besides, the Fmax parameter could not consistently dif-
ferentiate between patients with re-resection and those without
re-resection. Finally, a few studies performed a ROC analysis
and found the inflow parameter (¢, ,max) performed best with
AUCs of 0.96 [13] and 0.82 [29] at identifying AL and venous
anatomic failure, respectively.

The optimal parameter(s) and methodology
for Q-ICG for visceral perfusion evaluation

The foundation of Q-ICG rests upon the hypothesis that
Q-ICG parameters accurately reflect the underlying visceral
tissue perfusion.

This hypothesis is supported by the results of several
exploratory animal studies [12, 34-37]. These studies
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have found a significant linear correlation between various
Q-ICG parameters (ttp, slp, and Fmax) and levels of local
lactate or radioactive microspheres under both normal [12]
and compromised perfusion conditions [34—37]. One study
directly comparing several Q-ICG parameters in a porcine
model found that the Fmax parameter had less robust cor-
relation than the slp and norm slp parameters (Fmax r=0.78,
p=0.037; slp r=0.97, p=0.001, and norm slp r=0.96,
p=0.004) [12].

Inflow versus intensity parameters

The animal studies found that both inflow and intensity
Q-ICG parameters do correlate with visceral perfusion
given the controlled settings of animal experiments. How-
ever, when evaluating the results of the clinical studies of
this review, the inflow parameters perform better than inten-
sity parameters. The following section explores some likely
reasons for the poor performance of the intensity parameter.

The inherent problems with the intensity parameters
quickly become noticeable in a clinical setting. The prob-
lems arise when either the ICG plasma concentration,
amount of excitatory light, camera distance, or camera
angulation is changed as intensity parameters are influenced
by all [13, 38]. Achieving a uniform plasma concentration
across different patients is near impossible due to differences
in metabolization, vascular status, and distribution volume
[39]. However, using a body-mass-adjusted dosage can
reduce the impact of these factors. Unfortunately, only two
of the included studies did this [13, 22], while the remaining
used varying static dosages (1.25-10 mg) or did not disclose
their dosage.

Furthermore, Fmax is susceptible to timing-bias as ICG
with time will begin to enter even ischemic tissue due to
capillary diffusion/retrograde flow [13, 40], which may have
been the case in two studies that only sampled the Fmax
value at once at 60 s following injection [24, 31]. One might
argue that a R-Fmax parameter would be less sensitive to
changes in ICG plasma concentration, camera distance/
angulation, and vascular status as each patient becomes their
own reference. However, R-Fmax still suffers the problem
with capillary diffusion/retrograde flow, and the selection
of representative reference ROIs. One clinical study that
analyzed R-Fmax could not find a difference in the AL rate
between R-Fmax>50% patients compared with Fmax <50%
patients at the anastomotic site [30]. This combination of
factors is likely to be the reason for the poor performance of
Fmax concerning clinical endpoints.

On the contrary, a significant strength of inflow param-
eters is that variables that massively impact the intensity
parameters have far less of an impact on the inflow param-
eters. Inflow parameters are more resilient because they
depend on the timing of “perfusion events” rather than the
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“numerical intensity values” determined by the Q-ICG sys-
tem (Fig. 1). Another strength of the inflow parameters is
that unlike the intensity parameters, they are not subject to
the capillary diffusion/retrograde flow problem. It has been
reported that the introduction of V-ICG initially increased
the rate of surgical complications. The increase may have
been a result of capillary diffusion/retrograde flow leading
surgeons to misdiagnose the fluorescence angiogram as ade-
quate perfusion even though it was judged to be deficient by
traditional perfusion assessment [13].

The superiority of inflow parameters is supported by
theoretical work in computer models. One study identified
the inflow phase of the FA to carry most information about
tissue perfusion [41]. In another study, the gastric conduit
was modeled, and the “time- t0-20% of max intensity” was
the best way to discriminate between sufficient and impaired
perfusion with an AUC of > 0.85 [42].

Finally, while 70 is defined by the inflow phase of the
fluorescence—time curve, it suffers from an ambiguous defi-
nition as “time to first fluorescence signal.” Thus, it can be
difficult to quantify due to background noise. Furthermore,
the 70 parameter is like to be unstable in a clinical setting as
it is altered by peripheral vs. central venous catheter, infu-
sion speed, the height of the person, and vascular status [43].
Hence, we suggest exploring 1 of the other inflow Q-ICG
parameters (TR, ttp, slp, and t;,max).

Challenges and perspectives for Q-1CG in the future

Q-ICG has the potential to become a viable surgical tool;
however, Q-ICG is faced with a couple of challenges.
Firstly, the camera and target ROI must be stationary
to allow for quantification. A stationary camera can be
achieved by either fixating the laparoscope/ICG camera in
a mechanical holding arm or by locking the camera dur-
ing robotic surgery. The target can be kept stationary by
inducing a brief period of apnea. Another method would be
the use of motion tracking, which could correct the image
position based on the motion of the camera or the target
[44]. Secondly, repeated perfusion measurements are valu-
able in many different clinical situations. Unfortunately, it
takes approximately 15-20 min for the fluorescence signal
has decreased to a negligible level. Thus, rapidly repeated
Q-ICG and especially V-ICG measurements may not be
viable as the increased fluorescence intensity oversaturates
the image causing problems for both the naked human eye
and computer software. However, this challenge might be
overcome by utilizing normalization as one study showed
that Q-ICG measurements could be reliably repeated if
based on the normalized slp [45]. Thirdly, Q-ICG still lacks
verified procedure-specific cut-off values as these are nec-
essary for swift objective decision making. However, there
was little agreement on cut-off values and what parameter



Surgical Endoscopy (2020) 34:5223-5233

5231

to use between the colorectal studies included in this review.
Thus, we suggest a focus on the inflow parameters and rela-
tive inflow parameters. Relative Q-ICG parameters are not
well explored in either animal or clinical studies. However,
it offers multiple benefits as the patients become their own
control, and cut-off values based on relative parameters are
more valid when comparing different patients [38].

Fourthly, there is a lack of commercial Q-ICG systems.
This lack of industry-supported FA systems with Q-ICG
options may be a consequence of legal concerns regarding
their accountability for clinical decisions based on their
Q-ICG systems. Fortunately, it seems that these concerns
have been put to rest as newly developed FA systems do
support intraoperative Q-ICG: SPY-Elite® [46] and Vision-
Sense® [47]. However, these systems still only employ
intensity parameters. Thus, we urge manufactures of FA
systems to incorporate a method for easy and intuitive intra-
operative Q-ICG measurement of inflow parameters. A final
challenge is that some surgeons believe that surgical experi-
ence and the naked human eye are superior to technology-
based techniques for perfusion assessment [48]. However,
evidence suggests that surgeons assisted by a Q-ICG sys-
tem can identify anastomotic sites with superior perfusion
compared with unassisted surgeons [40, 49]. Furthermore,
intraoperative Q-ICG might be more assessable than some
surgeons believe, as it was found that a real-time intraopera-
tive Q-ICG with a plug-in device was both feasible and had
an excellent usability score during gastroesophageal resec-
tion [50].

Limitations

A limitation of this review is that only 2 of 13 studies [25,
31] performed intraoperative Q-ICG. Hence, it was not pos-
sible to directly compare Q-ICG with V-ICG or traditional
perfusion assessment. However, intraoperative Q-ICG has
been shown to increase sensitivity and specificity, positive
and negative predictive values compared with V-ICG and
traditional perfusion assessment for identifying ischemic
bowel [51]. Furthermore, while unfortunate that only a
few studies utilized intraoperative Q-ICG, the focus of this
review was to identify the determining factors for whether
Q-ICG does reflect clinical endpoints.

Another limitation was the heterogeneity between the
studies with regards to the patient population, surgical
procedures, ICG methodology, Q-ICG parameters, and
endpoints. This is reflected in the bias evaluation, where
only four of 13 studies achieved a high level of evidence
(Table 2). Furthermore, most of the studies had relatively
small patient populations, and only three studies included
a historical control cohort [24, 30, 32]. No RTC studies

were present, and only one study performed propensity
matching to ensure that the historical cohort and the
V-ICG cohort were comparable [32]. Propensity match-
ing had a substantial impact on the difference in AL rate
between V-ICG patients and the control cohort (AL rate
in control cohort 6.9% before matching and 14.7% follow-
ing matching). Q-ICG measurements were only repeated
in two studies following re-resection in the studies look-
ing et al. rates [29, 30]. Consequently, re-resected patients
brought false Q-ICG values into the analysis of the AL
rates, thus introducing bias. Finally, all included stud-
ies only looked at the arterial phase of perfusion. When
dividing the mesentery, the venous outflow may also be
impaired, leading to venous congestion, which also may
contribute to poor anastomotic healing [52].

This comprehensive list of biases and differences
between studies is a global challenge for fluorescence angi-
ography during surgery. A recent meta-analysis exploring
V-ICG in colorectal cancer reported similar results with
a moderate level of bias and an intrinsic heterogeneity
between the studies [53]. Ultimately, the authors believe
that this heterogeneity is a consequence of the lack of a
gold standard within the field of fluorescence angiography.

Conclusion

The results, while heterogenous, all seem to point in the
same direction. Q-ICG parameters based only on fluores-
cence intensity parameters (Fmax and R-Fmax) are unsta-
ble and do not reflect clinical endpoints. In contrast, the
inflow parameters (¢tp, slp, T0, and t;,,max) are resilient to
much of the variance that occurs when performing Q-ICG.
The inflow parameters also correlate better with perfu-
sion in animal models and have a stronger association with
clinical endpoints. Regarding the Q-ICG methodology,
we recommend that future studies utilize a body-mass-
adjusted ICG administration and a fixated camera setup.
We believe that standardization of the methodology is
necessary to establish a gold standard within the field of
Q-ICG.

Acknowledgements The authors recognize and acknowledge the help
and support of Olivia Mortensen and Philip Liitken through this entire
project.

Funding This project was initiated by the author’s initiative without
any sponsorship or funding.

Compliance with ethical standards

Disclosure Dr. Achiam, Dr. Nerup, Dr. Boni, Mr. Svendsen, and Mr.
Liitken have no conflicts of interest or financial ties to disclose.

@ Springer



5232

Surgical Endoscopy (2020) 34:5223-5233

References

10.

11.

12.

13.

14.

15.

16.

Chadi SA, Fingerhut A, Berho M, DeMeester SR, Fleshman JW,
Hyman NH, Margolin DA, Martz JE, McLemore EC, Molena
D, Newman MI, Rafferty JF, Safar B, Senagore AJ, Zmora O,
Wexner SD (2016) Emerging trends in the etiology, prevention,
and treatment of gastrointestinal anastomotic leakage. J Gastro-
intest Surg 20:2035-2051

Mirnezami A, Mirnezami R, Chandrakumaran K, Sasapu K,
Sagar P, Finan P (2011) Increased local recurrence and reduced
survival from colorectal cancer following anastomotic leak: sys-
tematic review and meta-analysis. Ann Surg 253:890-899
Burton TP, Mittal A, Soop M (2013) Nonsteroidal anti-inflam-
matory drugs and anastomotic dehiscence in bowel surgery:
systematic review and meta-analysis of randomized, controlled
trials. Dis Colon Rectum 56:126-134

Trencheva K, Morrissey KP, Wells M, Mancuso CA, Lee SW,
Sonoda T, Michelassi F, Charlson ME, Milsom JW (2013) Iden-
tifying important predictors for anastomotic leak after colon and
rectal resection: prospective study on 616 patients. Ann Surg
257:108-113

Gershuni VM, Friedman ES (2019) The microbiome-host inter-
action as a potential driver of anastomotic leak. Curr Gastroen-
terol Rep 21:4

Chioreso C, Del Vecchio N, Schweizer ML, Schlichting J, Gri-
bovskaja-Rupp I, Charlton ME (2018) Association between hos-
pital and surgeon volume and rectal cancer surgery outcomes in
patients with rectal cancer treated since 2000: systematic litera-
ture review and meta-analysis. Dis Colon Rectum 61:1320-1332
Thompson SK, Chang EY, Jobe BA (2006) Clinical review:
healing in gastrointestinal anastomoses, part I. Microsurgery
26:131-136

Posma LA, Bleichrodt RP, van Goor H, Hendriks T (2007)
Transient profound mesenteric ischemia strongly affects the
strength of intestinal anastomoses in the rat. Dis Colon Rectum
50:1070-1079

Vignali A, Gianotti L, Braga M, Radaelli G, Malvezzi L, Di Carlo
V (2000) Altered microperfusion at the rectal stump is predictive
for rectal anastomotic leak. Dis Colon Rectum 43:76-82
Urbanavicius L, Pattyn P, de Putte DV, Venskutonis D (2011)
How to assess intestinal viability during surgery: a review of
techniques. World J Gastrointest Surg 3:59-69

Karliczek A, Harlaar NJ, Zeebregts CJ, Wiggers T, Baas PC, van
Dam GM (2009) Surgeons lack predictive accuracy for anasto-
motic leakage in gastrointestinal surgery. Int J Colorectal Dis
24:569-576

Nerup N, Andersen HS, Ambrus R, Strandby RB, Svendsen
MBS, Madsen MH, Svendsen LB, Achiam MP (2017) Quanti-
fication of fluorescence angiography in a porcine model. Lan-
genbecks Arch Surg 402:655-662

Son GM, Kwon MS, Kim Y, Kim J, Kim SH, Lee JW (2019)
Quantitative analysis of colon perfusion pattern using indocya-
nine green (ICG) angiography in laparoscopic colorectal sur-
gery. Surg Endosc 33:1640-1649

Degett TH, Andersen HS, Gogenur I (2016) Indocyanine green
fluorescence angiography for intraoperative assessment of gas-
trointestinal anastomotic perfusion: a systematic review of clini-
cal trials. Langenbecks Arch Surg 401:767-775

Jansen SM, de Bruin DM, van Berge Henegouwen MI, Strackee
SD, Veelo DP, van Leeuwen TG, Gisbertz SS (2018) Optical
techniques for perfusion monitoring of the gastric tube after
esophagectomy: a review of technologies and thresholds. Dis
Esophagus. https://doi.org/10.1093/dote/dox161

Ladak F, Dang JT, Switzer N, Mocanu V, Tian C, Birch D,
Turner SR, Karmali SJISE (2019) Indocyanine green for the

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

prevention of anastomotic leaks following esophagectomy: a
meta-analysis. Surg Endosc 33:384-394

Slooter MD, Eshuis WJ, Cuesta MA, Gisbertz SS, van Berge-
Henegouwen MI ( 2019) Fluorescent imaging using indocyanine
green during esophagectomy to prevent surgical morbidity: a sys-
tematic review and meta-analysis. J Thorac Dis 2019:S755-S765
Alekseev M, Rybakov E, Shelygin Y, Chernyshov S, Zarodnyuk
1(2020) A study investigating the perfusion of colorectal anasto-
moses using fluorescence angiography: results of the FLAG ran-
domized trial. Colorectal Dis. https://doi.org/10.1111/codi.15037
De Nardi P, Elmore U, Maggi G, Maggiore R, Boni L, Cassinotti
E, Fumagalli U, Gardani M, De Pascale S, Parise P, Vignali A,
Rosati R (2020) Intraoperative angiography with indocyanine
green to assess anastomosis perfusion in patients undergoing lapa-
roscopic colorectal resection: results of a multicenter randomized
controlled trial. Surg Endosc 34:53-60

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A (2016)
Rayyan—a web and mobile app for systematic reviews. Syst Rev
5:210

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
Tugwell P (2000) The Newcastle-Ottawa Scale (NOS) for assess-
ing the quality of nonrandomised studies in meta-analyses. https
:/[www.ohri.ca/programs/clinical_epidemiology/oxford.asp
Amagai H, Miyauchi H, Muto Y, Uesato M, Ohira G, Imanishi S,
Maruyama T, Tochigi T, Okada K, Maruyama M, Matsubara H
(2019) Clinical utility of transanal indocyanine green near-infra-
red fluorescence imaging for evaluation of colorectal anastomotic
perfusion. Surgical Endosc. https://doi.org/10.1007/s00464-019-
07315-7

Chang YK, Foo CC, Yip J, Wei R, Ng KK, Lo O, Choi HK, Law
WL (2019) The impact of indocyanine-green fluorescence angio-
gram on colorectal resection. The Surgeon 17:270-276

Dinallo AM, Kolarsick P, Boyan WP, Protyniak B, James A,
Dressner RM, Arvanitis ML (2019) Does routine use of indocya-
nine green fluorescence angiography prevent anastomotic leaks?
A retrospective cohort analysis. Am J Surg 218:136-139

Green JM 3rd, Sabino J, Fleming M, Valerio I (2015) Intraop-
erative fluorescence angiography: a review of applications and
outcomes in war-related trauma. Mil Med 180:37-43

Hayami S, Matsuda K, Iwamoto H, Ueno M, Kawai M, Hirono S,
Okada K, Miyazawa M, Tamura K, Mitani Y, Kitahata Y, Mizu-
moto Y, Yamaue H (2019) Visualization and quantification of
anastomotic perfusion in colorectal surgery using near-infrared
fluorescence. Tech Coloproctol 23:973-980

Ishige F, Nabeya Y, Hoshino I, Takayama W, Chiba S, Arimitsu
H, Iwatate Y, Yanagibashi H (2019) Quantitative assessment of
the blood perfusion of the gastric conduit by indocyanine green
imaging. J Surg Res 234:303-310

Iwamoto H, Matsuda K, Hayami S, Tamura K, Mitani Y, Mizu-
moto Y, Nakamura Y, Murakami D, Ueno M, Yokoyama S, Hotta
T, Takifuji K, Yamaue H (2020) Quantitative indocyanine green
fluorescence imaging used to predict anastomotic leakage focused
on rectal stump during laparoscopic anterior resection. J Lapar-
oendosc Adv Surg Tech A 30(5):542-546

Kamiya K, Unno N, Miyazaki S, Sano M, Kikuchi H, Hiramatsu
Y, Ohta M, Yamatodani T, Mineta H, Konno H (2015) Quantita-
tive assessment of the free jejunal graft perfusion. J Surg Res
194:394-399

Kim JC, Lee JL, Park SH (2017) Interpretative guidelines and
possible indications for indocyanine green fluorescence imaging
in robot-assisted sphincter-saving operations. Dis Colon Rectum
60:376-384

. Protyniak B, Dinallo AM, Boyan WP Jr, Dressner RM, Arvanitis

ML (2015) Intraoperative indocyanine green fluorescence angiog-
raphy—an objective evaluation of anastomotic perfusion in colo-
rectal surgery. Am Surg 81:580-584


https://doi.org/10.1093/dote/dox161
https://doi.org/10.1111/codi.15037
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1007/s00464-019-07315-7
https://doi.org/10.1007/s00464-019-07315-7

Surgical Endoscopy (2020) 34:5223-5233

5233

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wada T, Kawada K, Hoshino N, Inamoto S, Yoshitomi M, Hida
K, Sakai Y (2019) The effects of intraoperative ICG fluorescence
angiography in laparoscopic low anterior resection: a propensity
score-matched study. Int J Clin Oncol 24:394-402

Wada T, Kawada K, Takahashi R, Yoshitomi M, Hida K,
Hasegawa S, Sakai Y (2017) ICG fluorescence imaging for quan-
titative evaluation of colonic perfusion in laparoscopic colorectal
surgery. Surg Endosc 31:4184-4193

Diana M, Noll E, Diemunsch P, Dallemagne B, Benahmed MA,
Agnus V, Soler L, Barry B, Namer 1J, Demartines N, Charles
AL, Geny B, Marescaux J (2014) Enhanced-reality video fluo-
rescence: a real-time assessment of intestinal viability. Ann Surg
259:700-707

Quero G, Lapergola A, Barberio M, Seeliger B, Saccomandi P,
Guerriero L, Mutter D, Saadi A, Worreth M, Marescaux J, Agnus
V, Diana M (2019) Discrimination between arterial and venous
bowel ischemia by computer-assisted analysis of the fluorescent
signal. Surg Endosc 33:1988-1997

Ronn JH, Nerup N, Strandby RB, Svendsen MBS, Ambrus R,
Svendsen LB, Achiam MP (2019) Laser speckle contrast imaging
and quantitative fluorescence angiography for perfusion assess-
ment. Langenbeck’s Arch Surg 404:505-515

Toens C, Krones CJ, Blum U, Fernandez V, Grommes J, Hoelzl
F, Stumpf M, Klinge U, Schumpelick V (2006) Validation of IC-
VIEW fluorescence videography in a rabbit model of mesenteric
ischaemia and reperfusion. Int J Colorectal Dis 21:332-338
Pruimboom T, van Kuijk SMJ, Qiu SS, van den Bos J, Wieringa
FP, van der Hulst R, Schols RM (2019) Optimizing indocya-
nine green fluorescence angiography in reconstructive flap sur-
gery: a systematic review and ex vivo experiments. Surg Innov
27(1):103-119

Reinhart MB, Huntington CR, Blair LJ, Heniford BT, Augenstein
VA (2016) Indocyanine green: historical context, current applica-
tions, and future considerations. Surg Innov 23:166-175

Diana M, Agnus V, Halvax P, Liu YY, Dallemagne B, Schlagowski
Al, Geny B, Diemunsch P, Lindner V, Marescaux J (2015) Intra-
operative fluorescence-based enhanced reality laparoscopic real-
time imaging to assess bowel perfusion at the anastomotic site in
an experimental model. Br J Surg 102:e169-176

Choi M, Choi K, Ryu SW, Lee J, Choi C (2011) Dynamic fluores-
cence imaging for multiparametric measurement of tumor vascu-
lature. J Biomed Opt 16:046008

Prasetya H, Jansen SM, Marquering HA, van Leeuwen TG,
Gisbertz SS, de Bruin DM, van Bavel E (2019) Estimation of
microvascular perfusion after esophagectomy: a quantitative
model of dynamic fluorescence imaging. Med Biol Eng Compu
57:1889-1900

Kim T, Murakami T, Takahashi S, Tsuda K, Tomoda K, Narumi
Y, Oi H, Nakamura H (1998) Effects of injection rates of con-
trast material on arterial phase hepatic CT. AJR Am J Roentgenol
171:429-432

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Selka F, Agnus V, Nicolau S, Bessaid A, Soler L, Marescaux J,
Diana M (2014) Fluorescence-based enhanced reality for colorec-
tal endoscopic surgery. In: Ourselin S, Modat M (eds) Biomedical
Image Registration. Springer International Publishing, Cham, pp
114-123

Nerup N, Knudsen KBK, Ambrus R, Svendsen MBS, Thymann
T, Ifaoui IBR, Svendsen LB, Achiam MP (2017) Reproducibility
and reliability of repeated quantitative fluorescence angiography.
Surg Technol Int 31:35-39

Sood M, Glat P (2013) Potential of the SPY intraoperative per-
fusion assessment system to reduce ischemic complications in
immediate postmastectomy breast reconstruction. Ann Surg Innov
Res 7:9-9

Bigdeli AK, Gazyakan E, Schmidt VJ, Hernekamp FJ, Harhaus
L, Henzler T, Kremer T, Kneser U, Hirche C (2016) indocya-
nine green fluorescence for free-flap perfusion imaging revisited:
advanced decision making by virtual perfusion reality in vision-
sense fusion imaging angiography. Surg Innov 23:249-260
Kream J, Ludwig KA, Ridolfi TJ, Peterson CY (2016) Achieving
low anastomotic leak rates utilizing clinical perfusion assessment.
Surgery 160:960-967

Diana M, Halvax P, Dallemagne B, Nagao Y, Diemunsch P,
Charles AL, Agnus V, Soler L, Demartines N, Lindner V, Geny B,
Marescaux J (2014) Real-time navigation by fluorescence-based
enhanced reality for precise estimation of future anastomotic site
in digestive surgery. Surg Endosc 28:3108-3118

Nerup N, Svendsen MBS, Svendsen LB, Achiam MP (2020)
Feasibility and usability of real-time intraoperative quantita-
tive fluorescent-guided perfusion assessment during resection
of gastroesophageal junction cancer. Langenbeck’s Arch Surg
405(2):215-222

Nerup N, Svendsen M, Rgnn J, Konge L, Svendsen L, Achiam M
(2019) Fluorescence angiography improves perfusion assessment
despite surgical experience. J Am Coll Surg 229:596-S97
Kitagawa H, Namikawa T, Iwabu J, Hanazaki K (2017) Gastric
Tube reconstruction with superdrainage using indocyanine green
fluorescence during esophagectomy. In Vivo 31:1019-1021
Arezzo A, Bonino MA, Ris F, Boni L, Cassinotti E, Foo DCC,
Shum NF, Brolese A, Ciarleglio F, Keller DS, Rosati R, De Nardi
P, Elmore U, Fumagalli Romario U, Jafari MD, Pigazzi A, Ryba-
kov E, Alekseev M, Watanabe J, Vettoretto N, Cirocchi R, Passera
R, Forcignano E, Morino M (2020) Intraoperative use of fluo-
rescence with indocyanine green reduces anastomotic leak rates
in rectal cancer surgery: an individual participant data analysis.
Surgical Endosc. https://doi.org/10.1007/s00464-020-07735-w

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00464-020-07735-w

	Optimizing quantitative fluorescence angiography for visceral perfusion assessment
	Abstract
	Background 
	Method 
	Results 
	Conclusion 

	Materials and methods
	Search strategy
	Eligibility criteria
	Quality assessment
	Statistics

	Results
	Study characteristics
	Bias evaluation
	Q-ICG methodology
	Clinical endpoint–Re-resection
	Clinical endpoint–anastomotic leakage
	Q-ICG cut-off values–anastomotic leakage

	Discussion
	The optimal parameter(s) and methodology for Q-ICG for visceral perfusion evaluation
	Inflow versus intensity parameters
	Challenges and perspectives for Q-ICG in the future

	Limitations
	Conclusion
	Acknowledgements 
	References




