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Flap necrosis continues to occur in skin free flap autologous breast
reconstruction. Therefore, we investigated the benefits of indocya-
nine green angiography (ICGA) using quantitative parameters for
the objective, perioperative evaluation of flap perfusion. In addi-
tion, we investigated the feasibility of hyperspectral (HSI) and ther-
mal imaging (TI) for postoperative flap monitoring.

A single-center, prospective observational study was performed
on 15 patients who underwent deep inferior epigastric perforator
(DIEP) flap breast reconstruction (n=21). DIEP-flap perfusion was
evaluated using ICGA, HSI, and TI using a standardized imaging
protocol. The ICGA perfusion curves and derived parameters, HSI
extracted oxyhemoglobin (oxyHb) and deoxyhemoglobin (deoxyHb)
values, and flap temperatures from TI were analyzed and correlated
to the clinical outcomes.
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Post-hoc quantitative analysis of intraoperatively collected data
of ICGA application accurately distinguished between adequately
and insufficiently perfused DIEP flaps. ICG perfusion curves iden-
tified the lack of arterial inflow (n=2) and occlusion of the ve-
nous outflow (n=1). In addition, a postoperatively detected partial
flap epidermolysis could have been predicted based on intraoper-
ative quantitative ICGA data. During postoperative monitoring, HSI
was used to identify impaired perfusion areas within the DIEP flap
based on deoxyHb levels. The results of this study showed a lim-
ited added value of TL

Quantitative, post-hoc analysis of ICGA data produced objective
and reproducible parameters that enabled the intraoperative detec-
tion of arterial and venous congested DIEP flaps. HSI appeared to
be a promising technique for postoperative flap perfusion assess-
ment. A diagnostic accuracy study is needed to investigate ICGA
and HSI parameters in real-time and demonstrate their clinical
benefit.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The deep inferior epigastric perforator (DIEP) flap is the most commonly applied flap for au-
tologous breast reconstruction following mastectomy for breast cancer.!*? Inadequate flap perfusion
may lead to necrosis and (partial) flap loss, which has a significant impact on aesthetic and patient-
reported outcomes and may delay subsequent oncological treatment in primary reconstructions.’-*
Early reintervention of anastomotic problems has been shown to improve survival rates of DIEP
flaps.”>-®

The current gold standard for DIEP-flap perfusion monitoring is clinical assessment using parame-
ters such as flap color, temperature, and capillary refill, combined with handheld Doppler ultrasonog-
raphy of arterial perforator flow.”-8 However, clinical assessment is subjective and apparently inca-
pable of preventing (partial) flap loss in 10% to 71% of the cases.”’!! This emphasizes the need for a
real-time and accurate evaluation of flap perfusion during surgery and follow-up.

Indocyanine green angiography (ICGA) is a promising near-infrared fluorescence imaging technique
that is considered safe and easily applicable, with the potential to decrease flap perfusion prob-
lems.'"-12 Previous studies on ICGA, evaluating perioperative flap perfusion reported a wide variety
of ICGA parameters that were not always associated with clinical outcomes and acquired using differ-
ent fluorescence camera systems.'> Moreover, the real-time interpretation of quantitative data is not
yet possible. Consequently, the sensitivity and specificity of ICGA is insufficient at present for use as a
gold standard for the detection of flap perfusion problems.

Furthermore, hyperspectral imaging (HSI) and infrared thermal imaging (TI) have shown promis-
ing results for postoperative flap evaluation.'*'> HSI and TI are non-invasive techniques that can be
applied in the patient ward and therefore seem better suited for routine and repeated postoperative
imaging when compared to ICGA.

In this proof-of-concept study, we aimed to investigate the clinical benefit of ICGA for perioperative
evaluation of DIEP-flap perfusion, by describing the qualitative and quantitative ICGA parameters that
can be interpreted irrespective of the fluorescence imaging camera used and enable translation to a
subsequent diagnostic accuracy study. In addition, we aimed to determine the feasibility of HSI and
TI for postoperative evaluation of DIEP-flap perfusion.
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Patients and methods
Study design and patients

For this single-center prospective observational study, patients who underwent DIEP-flap recon-
structive surgery from October 2020 to October 2021 were enrolled after obtaining their written in-
formed consent. The study was performed according to the STROBE guidelines.

The inclusion of 15 patients was considered sufficient for this proof-of-concept study as the results
will be translated in a subsequent diagnostic accuracy study.

Patients who were >18 years and scheduled for unilateral or bilateral DIEP-flap breast reconstruc-
tion according to standard clinical care were included. Exclusion criteria were pregnancy or lactation,
severe hepatic or renal insufficiency, hyperthyroidism, thyroid adenoma, allergy to iodine or ICG, or
participation in another fluorescence imaging study. Patient demographics including sex, age, body
mass index (BMI), skin type,'® time-point of reconstruction, clinical outcomes, and complications such
as impaired wound healing, infections, (partial) flap loss, necrosis, and flap-related re-interventions
with a follow-up of 1 year were collected from the medical records.

Indocyanine green fluorescence angiography

ICGA uses indocyanine green to visualize cutaneous blood flow patterns (ICG; t;;,=150-180 s). ICG
is a near-infrared fluorescence dye with a peak absorption and emission of 805 and 835 nm, respec-
tively,'”-1° which is registered with the U.S. Food and Drug Administration and European Medicines
Agency for visualization of (micro)circulation. The Novadaq Spy Elite® (Stryker Corp., Kalamazoo, M,
USA) is a CE-marked fluorescence camera system for intraoperative real-time ICG detection.

ICGA was performed 1) preoperatively, to evaluate baseline perfusion; 2) intraoperatively after flap
harvest (pre-transfer), to evaluate flap perfusion solely by the perforator artery; 3) intraoperatively af-
ter the creation of the vascular anastomoses (post-transfer), to evaluate flap perfusion in the recipient
area; and 4) on the first postoperative day, to evaluate flap perfusion.

Patients received an intravenous bolus injection of 10 mg ICG based on the Novadaq Spy® oper-
ating manual (Rev. C, 2016).2° Only at time-point 2, an intravenous bolus of 5 mg ICG was adminis-
tered, as this is deemed sufficient for perforator imaging and a lower ICG dose allows repetitive ICGA
with limited influence on background fluorescence (Figure S1).2° The maximum dose ICG used was 2
mg/kg.2? The fluorescence camera was positioned perpendicular to the skin at a distance of 20 cm, set
at a frame rate of 3.75/s with dimmed ambient lights. In case of a bilateral DIEP-flap reconstruction,
one side was randomly included for ICGA, as the field-of-view of the camera precludes bilateral imag-
ing and repetitive ICG injections required would exceed ICG dosages and cause significant background
fluorescence.

Hyperspectral and Thermal imaging

HSI and TI were performed preoperatively to evaluate baseline perfusion of the abdominal skin,
which was later used as a reference for the patient.?! Postoperatively, HSI and TI were performed
twice daily starting on the first postoperative day until discharge. In case of bilateral DIEP-flap recon-
structions, both sides were included (Figure S1).

HSI uses visible light spectroscopy to determine the concentration of oxyhemoglobin (oxyHb) and
deoxyhemoglobin (deoxyHb) in the superficial 1-2 mm of the skin. HSI is performed using the CE-
marked, handheld HyperView™ camera system (HyperMed Inc, Memphis, TN, USA) perpendicular to
the skin at a standard distance of 38 cm.

TI is performed using the CE-marked-, infrared FLIR camera T1030sc (FLIR systems® Inc,
Wilsonville, OR, USA), which measures surface temperatures based on the emissive radiation from
an object. Standard camera settings are used according to the user manual with emissivity at 0.98
corresponding to the qualities of skin surface.
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Outcomes

The primary objective for carrying out ICGA was to quantitatively evaluate fluorescence intensities
at pre-defined time points, in relation to the abovementioned gold standard for clinical assessment
of flap perfusion, to provide objective values that facilitate the differentiation between areas with
adequate and impaired perfusion. DIEP flaps with adequate tissue perfusion according to the gold
standard were classified as “uncomplicated.” DIEP flaps with delayed wound healing, epidermolysis,
(partial) flap necrosis, suspected insufficient arterial inflow, impaired outflow, or infection were clas-
sified as “complicated.” The secondary objective was to provide quantitative in- and outflow ICGA
time-intensity curves. Analyses of ICGA curves was performed after surgery (post-hoc), as the current
software precludes real-time quantitative analysis.

The following parameters were determined after selection of the available skin of the complete
DIEP flap as a region of interest (ROI) (Figure S2): maximum fluorescence intensity (Fmax, arbitrary
units (a.u.)); inflow time (s), defined as the time between the start of ICG inflow to Fmax; inflow
time [10%-90%], the time from 10% to 90% intensity (s); maximum slope of the fluorescence intensity
curve (a.u./s); slope [10%-90%], defined as the slope of the ICGA curve from 10% to 90% fluorescence
intensity (a.u./s); outflow time, defined as the time from the maximum fluorescence intensity until a
decrease of 20% was observed (s); outflow slope from maximum to 20% decrease in intensity (a.u./s).
In “complicated” cases, complicated areas were selected as individual ROIs and analyzed similarly to
differentiate between the areas with adequate and impaired perfusion within a DIEP flap.

The primary objective for performing HSI and TI was to determine the safety and feasibility for
differentiation of complicated and uncomplicated DIEP flaps. The secondary objective was to quan-
tify pre- and postoperative oxygenation values and local skin temperatures. ROIs were selected on the
available skin of the complete monitoring island of the DIEP flap to determine oxyHb (a.u.) and de-
oxyHb (a.u.) values using HSI and flap temperature (°C) using TI. Parameters were compared between
complicated and uncomplicated flaps both pre- and postoperatively.

Data and statistical analyses

Descriptive statistics were performed on patient characteristics and parameters obtained with
ICGA, HSI, and TI. None of the parameters were normally distributed and consequently, data are pre-
sented as median values with interquartile range. The Friedman test was used to compare perfusion
parameters at different time points using the Bonferroni post-hoc test to correct for multiple test-
ing. Statistical analyses were performed using IBM SPSS Statistics (v28, IBM Corp, USA). A p-value
of <0.05 was considered statistically significant. All clinical data were collected using REDCap (Van-
derbilt University, USA). ICGA parameters were determined using Fiji (v2.3.0, Image], USA). HSI data
were analyzed using the standard software provided by HyperMed Inc, USA. Graphs were drawn using
Graphpad Prism (v9.1.0, GraphPad Software Inc, USA).

Results

We included 15 patients who underwent a DIEP-flap breast reconstruction, among whom 9 under-
went unilateral and 6 underwent bilateral breast reconstruction (n=21 DIEP flaps). Patient character-
istics are displayed in Table 1. The mean age of the patients was 49.0+8.2 years and mean BMI was
26.9+2.3 kg/m?. There were no (serious) adverse events related to any of the study procedures.

Among the 21 DIEP flaps, 16 were judged to be uncomplicated with adequate flap perfusion both
peri- and postoperatively, according to standard clinical monitoring. Impaired flap perfusion was ob-
served in 5 DIEP flaps (Figure 1, i.e., “complicated” cases). Three of these “complicated” DIEP flaps
were caused by an arterial spasm pre-transfer, occlusion of the arterial anastomosis, and occlusion
of the venous anastomosis post-transfer, all of which were detected intraoperatively and immediately
resolved using lidocaine as local antispasmodic medication, re-anastomosis of the artery and vein,
respectively. All three events were correctly identified using ICGA. The two remaining complications
were detected postoperatively. One complicated case had venous congestion caused by a thrombus
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Figure 1. Schematic representation of the study complications. There were three intraoperative complications and two postoperative complications, none of which were related to any of
the study procedures.
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Table 1
Patient characteristics (n=15).

Ethnicity White 12
Hispanic 1
Black 1
Asian 1

Skin type Type | 1
Type 11 11
Type IV 2
Type V 1

Smoking No 6
Yes 1
Stopped 8

ASA Asa | 2
Asa 1l 13

Side reconstructed Right 3
Left 6
Bilateral 6

Surgical characteristics (n=21 DIEP flaps)

Indication for mastectomy Oncological 14
Preventive

Reconstruction Primary 6
Secondary 15

in the venous anastomosis, which was resolved by revising the venous anastomosis <6 h postoper-
atively. Unfortunately, only the contralateral flap of this patient was part of the ICGA cohort. Ulti-
mately, persistent venous congestion resulted in flap failure; the flap was resected after 4 days. The
other complicated case had partial epidermolysis that was observed on the second postoperative day.
This was initially treated conservatively, although later a surgical debridement and skin grafting was
performed.

ICGA

Among the 21 DIEP flaps, 15 were randomly selected for ICGA, as the field-of-view of the camera
precludes bilateral imaging and repetitive ICG injections required would exceed ICG dosages and cause
significant background fluorescence. ICGA parameters for uncomplicated DIEP flaps are presented in
Figure 2A. The preoperative time-intensity curve showed a median inflow time of 29.9 s (22.5-38.4 s),
max slope of 15.0 a.u/s (9.5-21.3 a.u/s), slope [10%-90%] of 6.7 a.u/s (3.8-9.4 a.u/s) and outflow time
of 36.5 s (18.1-75.5 s) (Table 2).

Negligible fluorescence was observed using intraoperative ICGA in the patient with the arterial
spasm prior to flap transfer due to a lack of ICG inflow (Figure 2B). ICGA demonstrated a signifi-
cantly prolonged ICG inflow time and decrease of the slope [10%-90%] compared to uncomplicated
cases (200.53 s vs. 96.8 s; 0.18 vs. 0.9 a.u./s, respectively). After using the spasmolytic, the blood flow
was restored as visualized by ICGA, with parameters resembling those of the uncomplicated flaps
(Figure 2B). Similarly, in the patient with the arterial occlusion post-transfer a limited increase in
fluorescence was recorded (Figure 2C). Fluorescence intensities persistently increased in the patient
with an occlusion of the venous anastomosis (Figure 2C), with a prolonged ICG inflow time and de-
creased slope [10%-90%] compared to uncomplicated cases (264.67 s vs. 96.8 s; 0.48 vs. 0.9 a.u./s,
respectively).

Postoperative ICGA measurements were comparable to the corresponding preoperative data, indi-
cating a restored blood supply (Table 2). Interestingly, intraoperative ICGA that was performed post-
transfer accurately identified the area of epidermolysis, which was clinically observed on the second
postoperative day (Figure 3). A prolonged inflow time and decreased slope were observed for the
impaired perfused area compared to the surrounding flap (247.47 s vs. 112.80 s; 0.12 vs 0.87 a.u./s,
respectively).
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Figure 2. A) Indocyanine green angiography (ICGA) fluorescence intensities of uncomplicated flaps. Fluorescence intensities are presented as median4+95% confidence intervals. B) Indo-
cyanine green angiography (ICGA) fluorescence intensities of a complicated flap: ICGA measurements pre-transfer of the DIEP flap with an arterial perforator spasm that was resolved after
application of local spasmolytic medication (lidocaine). C) Indocyanine green angiography (ICGA) fluorescence intensities of uncomplicated and complicated flaps: ICGA measurements
post-transfer of uncomplicated flaps (n=13), one case of an occlusion of the arterial anastomosis and one occlusion of the venous anastomosis. Values are presented as median and
95%-+confidence interval. ICG: indocyanine green.
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Table 2
Preoperative ICGA perfusion parameters.
Preoperative (n=14) Intraoperative Postoperative (n=15)
Pre-transfer (n=14) p Post-transfer (n=13) p p

Maximum intensity, Fmax (a.u.) 108.1  [92.1-134.4] 37.8 [25.0-44.7] 0.000 55.7 [45.0-98.7] 0.049 96.8 [85.0-118.2] 1.000
Inflow time (s) 29.9 [22.5-38.4] 67.1 [53.9-89.1] 0.003 92.0 [52.8-134.8] 0.000 34.1 [24.0-45.9] 1.000
Inflow slope [10%-90%] (a.u.[s) 6.7 [3.8-9.4] 0.9 [0.6-1.7] 0.000 0.9 [0.6-3.3] 0.003 43 [3.0-7.1] 1.000
Inflow time [10%-90%] (s) 12.8 [10.9-21.5] 32.0 [22.3-43.0] 0.004 37.9 [19.6-58.4] 0.023 18.7 [13.9-22.4] 1.000
Max slope (a.u.[s) 15.0 [9.5-21.3] 4.6 [2.5-5.3] 0.003 5.2 [3.6-7.6] 0.125 11.1 [6.8-17.2] 1.000
Outflow slope [max- 80%] (a.u./s) -0.6 [-1.3--0.3] -0.1 [-0.1-0.0]* 0.042 -0.2 [-0.2--0.1]# 0.300 -0.5 [-1.5--0.4] 1.000
Outflow time [peak —80%] (s) 36.5 [18.1-75.5] 81.1 [71.3-15.1] 0.300 103.2 [85.3-111.2]# 0.165 38.7 [16.0-49.6] 1.000

Values are presented as median and interquartile range. One preoperative measurement is missing due to a fluorescence camera malfunction. Pre-transfer, one case was excluded from
the analysis due to an invalid measurement as a result of hemodynamic instability. Post-transfer, two measurements are missing due to complications during the procedure. *Indicates
that in 13 out of 14 measurements, the parameters could be calculated as the intensity did not reach 80%. #Indicates that in 7 out 13 measurements the parameters could be calculated
as the intensity did not reach 80%. p=p-value for difference compared to preoperative measurements.
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Figure 3. Representative intraoperative ICGA images post-transfer of the DIEP flap with partial epidermolysis. A) White-light
image. B) Corresponding fluorescence image with a delineation of the impaired (1) and adequately (2) perfused area as defined
by standard clinical care. C) Graph of fluorescence intensities for both ROIs, with a significantly higher fluorescence intensity in
the adequately perfused area.

Table 3
Postoperative tissue perfusion values of uncomplicated DIEP flaps.

OxyHb (a.u.) DeoxyHb (a.u.) n Temperature (°C) n
Baseline 8.0 [2.0-2.0] 46.0 [39.0-65.0] 15 32.7 [32.0-33.7] 19
T1 28.0 [15.0-30.5] 48.0 [41.0-64.0] 17 35.1 [34.2-35.8] 19
T2 32.0 [17.5-44.0] 49.0 [38.5-57.0] 17 35.8 [35.3-36.4] 19
T3 18.0 [9.0-32.0] 51.0 [45.5-57.5] 17 35.5 [34.6-35.9] 19
T4 18.0 [10.0-30.0] 50.0 [44.0-58.0] 17 35.9 [35.2-36.2] 18
T5 17.0 [7.5-31.0] 47.0 [33.5-61.0] 17 35.3 [33.6-35.9] 19
T6 27.0 [10.5-52.5] 44.0 [31.3-52.3] 12 35.8 [35.0-36.7] 15
T7 17.0 [7.5-41.25] 48.5 [37.8-60.5] 12 35.3 [33.8-35.5] 15
FU 20.0 [8.0-36.5] 53.0 [53.0-40.8] 18 33.3 [32.3-34.6] 17

Values are presented as median and 25™ and 75t quartile. OxyHb: oxyhemoglobin. DeoxyHb: deoxyhemoglobin. O2sat: oxygen
saturation. T1-7: Measurement every 12 h post-surgery. FU: follow-up measurement 1-2 weeks post-surgery.

Fluorescence intensities did not decrease to 80% of Fmax and consequently, ICG outflow parameters
such as the time from Fmax to 80% or slope were not calculated for all intraoperative measurements
(n=13 pre-transfer; n=7 post-transfer).

HSI and TI
HSI and TI parameters of the 16 uncomplicated DIEP flaps are presented in Table 3. Overall, oxyHb
showed a greater variation over time compared to deoxyHb levels (median of 17.0-32.0 a.u. vs. 44.0-

53.0 a.u.). In uncomplicated DIEP flaps, oxyHb levels were increased from the first postoperative day
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compared to baseline (Figure 4A), whereas deoxyHb levels changed negligibly (Figure 4B). TI showed
slightly higher skin temperatures from the first postoperative day compared to baseline (Figure S3F).
At follow-up, TI values were lower than those during admission (33.3°C vs. 35.1°C-35.9°C).

In the DIEP flap with a venous thrombosis causing venous congestion, a slight increase in oxyHb
was observed, whereas deoxyHb more than doubled (Figure 4A, B). No changes in skin temperature
were observed (Figure 4C). In the DIEP flap with a partial epidermolysis (representative HSI image
in Figure 5), oxyHb and deoxyHb levels evidently increased, whereas the skin temperature decreased
compared to the uncomplicated flaps (Figure 4A-C).

Follow-up

No additional complications were recorded during the one-year follow-up. As mentioned earlier,
the DIEP flap with epidermolysis and venous thrombosis required surgical reintervention.

Discussion

This feasibility study showed that post-hoc analysis of quantitative ICGA perfusion parameters, in
particular inflow time and slope, enable an objective and reproducible interpretation of ICGA data
that correlated to clinical outcomes in DIEP-flap reconstructive surgery. The relevance of ICGA was
supported by the intraoperative detection of arterial and venous DIEP-flap perfusion impairment and
by the potential to intraoperatively highlight areas that may be at risk for impaired perfusion post-
operatively. Moreover, HSI and TI are feasible and safe techniques. HSI showed the potential to dis-
tinguish between areas of adequate and impaired perfusion within the DIEP flap based on deoxyHb
levels. Both ICGA and HSI could provide information about the microcirculation in the flap, whereas
TI could not. These monitoring modalities appear to have a potential clinical benefit in addition to
clinical assessment to prevent (partial) flap failure.

Currently, ICGA results are interpreted by visual appearance, which is subjective and lacks repro-
ducibility. This is the first study to provide ICGA perfusion parameters at different phases during DIEP-
flap reconstruction, including cases of venous and arterial perfusion impairment. Although previously
a potential reduction in DIEP-flap fat necrosis has been demonstrated,!!"22 there is a wide variation in
methodology and proposed qualitative and quantitative ICGA parameters.”> In parallel to the results
of van den Hoven et al, we demonstrated that ICG inflow parameters provide a reliable assessment of
flap perfusion.?®> ICG outflow-related parameters appeared to be less relevant, as fluorescence values
only slowly decreased. This suggests that resection of all collateral veins apart from the anastomosed
concomitant vein of the DIEP flap substantially impacts venous drainage and therefore ICG outflow.
Although ICG outflow was previously suggested as a suitable parameter,>* a recording-time of 5 min
appeared to be insufficient, which hampers clinical implementation.

Subtle changes in flap perfusion are challenging to detect by clinical evaluation alone, which still
results in fat necrosis or (partial) flap loss.?--11:25 HSI showed increased deoxyHb levels immediately
postoperatively for both flaps with venous congestion. This makes the technique worthwhile, consid-
ering flaps monitoring is most valuable during the first 48 h.26 The higher sensitivity of HSI compared
to clinical examination alone for the detection of venous congestion within the first 24 h was demon-
strated by Shen et al, although sensitivity and specificity were comparable afterward.?’ In general,
oxyHb levels varied more, both in our and previous studies.?!:?8 Interestingly, both venously con-
gested flaps also demonstrated increased oxyHb levels. When hypothesizing, this might be explained
by an initial compensatory venous dilatation to supply more oxygenated blood to prevent tissue hy-
poxia. Although no arterial occlusion was observed postoperatively, previous studies suggest HSI has
the potential to identify arterial insufficiency.!>2°

Based on the current data, the added value for TI appeared to be limited for postoperative flap
monitoring. Although literature in vascular surgery suggests that Tl can be used for complication de-
tection,?® limited data are available for reconstructive surgery. Hummelink et al. reported a 5.5°C de-
crease in temperature for failed rectus abdominis flaps in pigs®>' and De Weerd et al. demonstrated
that intraoperative dynamic infrared thermography could detect complications in patients undergoing
a DIEP-flap reconstruction.>? This suggests that TI has the potential to be further explored.
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Figure 4. HSI and TI measurements. Postoperative oxyhemoglobin (A, oxyHb) and deoxyhemoglobin (B, deoxyHb) of HSI and skin temperatures of TI for the uncomplicated DIEP flaps
(n=19) plotted against two complicated postoperative cases (venous thrombosis and partial epidermolysis). t1 and t2 are on the first day (D1), t3 and t4 are on the second day (D2), and
so on. Follow-up (FU) was 1 to 2 weeks postoperatively.
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Figure 5. Representative images of HSI and TI of the DIEP flap with partial epidermolysis. A) white-light image; B) hyperspectral image of deoxyhemoglobin levels; and C) thermal image
on the third day postoperative (t6).
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In the present study, we minimized circumferential influences on our imaging results using stan-
dardized imaging protocol.>®> The set of parameters suggested for ICGA data analysis should be usable
irrespective of the fluorescence imaging system, which enables an objective and reproducible evalua-
tion of ICGA data. These requirements are in line with a recently published standardized methodology
for clinical ICGA implementation?* and a recent study on ICGA in DIEP-flap reconstruction.?3

This study contributes to finding a non-invasive, safe, and efficient diagnostic technique for peri-
operative monitoring of tissue perfusion. Preventing flap failure by detecting early complications is
essential to increase treatment success.

A limitation to our study is the relatively small sample size and consequently, the small number
of complications. To determine ICGA and HSI cut-off values, a larger study population is required to
show that our findings on the complicated DIEP flaps remain clinically significant. In general, the use
of our techniques may be limited when relatively small skin paddles are available for postoperative
flap monitoring. Moreover, ICGA and HSI perfusion parameters are yet to be available in real-time.
This would require adaptation of the current imaging software or application of an algorithm, as we
believe real-time quantitative data are prerequisites for clinical implementation. Finally, the optimal
dose of ICG remains to be further explored, as different doses were used previously. For this reason,
we used the recommended dose based on the Novadaq operating manual.

In conclusion, we demonstrated that quantitative, post-hoc analysis of ICGA data produces objec-
tive and reproducible parameters that enable the intraoperative detection of arterial and venous con-
gested DIEP flaps. HSI appeared to be a safe and promising technique for postoperative flap perfusion
assessment. A diagnostic accuracy study is needed to investigate ICGA and HSI parameters in real-
time and to demonstrate a clinical benefit for DIEP-flap reconstructive surgery in a larger cohort. Ul-
timately, this might lead to a faster and more accurate diagnosis of inadequate flap perfusion, thereby
decreasing complications after free flap reconstructive surgery.
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