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Accurate and objective assessment of skin 
flap viability in reconstructive surgery at 
all phases of the wound healing contin-

uum has been a critical goal of reconstructive 

surgeons for decades. Aesthetic and recon-
structive surgical procedures require extensive 
dissection, tailoring, elevation, advancement, 
transpositions, and free tissue transfer, all of 
which introduce the risk of vascular compro-
mise and complications.1–3 Advanced warning 
with a clinically significant endpoint for deci-
sion-making allows precise interventions to be 
implemented in an effort to thwart devastating 
complications and restore or enhance perfusion 
and tissue oxygenation.4
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Background: Objective assessment of tissue viability is critical to improve out-
comes of cosmetic and reconstructive procedures. A widely used method to pre-
dict tissue viability is indocyanine green angiography. The authors present an 
alternative method that determines the relative proportions of oxyhemoglobin 
to deoxyhemoglobin through multispectral reflectance imaging. This afford-
able, hand-held device is noninvasive and may be used in clinic settings. The 
authors hypothesize that multispectral reflectance imaging is not inferior to in-
docyanine green angiography in predicting flap necrosis in the murine model.
Methods: Reverse McFarlane skin flaps measuring 10 × 3  cm were raised on 
300- to 400-g male Sprague-Dawley rats. Indocyanine green angiography and mul-
tispectral reflectance imaging was performed before surgery, immediately after 
surgery, and 30 minutes after surgery. Clinical outcome images acquired 72 hours 
after surgery were evaluated by three independent plastic surgeons. Objective 
data obtained immediately after surgery were compared to postsurgical clinical 
outcomes to determine which method more accurately predicted flap necrosis.
Results: Nine reverse McFarlane skin flaps were evaluated 72 hours after flap 
elevation. Data analysis demonstrated that the 95 percent confidence intervals 
for the sensitivity of postoperative multispectral reflectance imaging and in-
docyanine green angiography imaging to predict 72-hour tissue viability at a 
fixed specificity of 90 percent for predicting tissue necrosis were 86.3 to 91.0 
and 79.1 to 86.9, respectively.
Conclusions: In this experimental animal model, multispectral reflectance im-
aging does not appear to be inferior to indocyanine green angiography in 
detecting compromised tissue viability. With the advantages of noninvasiveness, 
portability, affordability, and lack of disposables, multispectral reflectance im-
aging has an exciting potential for widespread use in cosmetic and reconstruc-
tive procedures.  (Plast. Reconstr. Surg. 145: 85e, 2020.)
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Snapshot Multispectral Imaging Is Not Inferior 
to SPY Laser Fluorescence Imaging When 
Predicting Murine Flap Necrosis

EXPERIMENTAL
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Clinical assessment (dermal bleeding, capil-
lary refill, temperature, color, and turgor) and 
judgment remain the standard of care, and was 
the primary method of assessment for overall tis-
sue quality intraoperatively until the turn of the 
century.3–10 One adjunct, fluorescein imaging with 
ultraviolet light, was introduced in the latter part 
of the twentieth century as a method for perfu-
sion assessment.4,11 Fluorescein as a technique was 
not ideal, however. It is invasive, prone to adverse 
drug reactions, diffuses rapidly into the intersti-
tium, is not immediately repeatable, and there is 
no widely accepted means for quantitative evalu-
ation of the florescence.3,4,9,12–16 It has been sur-
passed in recent years by SPY laser fluorescence 
near-infrared angiography using indocyanine 
green (Stryker Corp., Kalamazoo, Mich.).3,6,9,10,12–

14,16–23 Although the technology was slightly more 
accurate than fluorescein, it still requires intra-
venous injection of the dye, which remains intra-
vascular, and may tend to overpredict necrosis.3,24 
The imaging equipment required for use of indo-
cyanine green remains bulky and is extremely 
costly, limiting its availability. Multispectral near-
infrared reflectance imaging is another adjunct 
originally developed in tandem with indocyanine 
green fluorescence angiography. The technology 
is now commercially available as the Snapshot 
KD203 device from Kent Medical Imaging (Cal-
gary, Alberta, Canada), which uses near-infrared 
technology, or as the OxyVuTM-2 from HyperMed 
Imaging, Inc. (Memphis, Tenn.), which uses vis-
ible spectrum technology.25 The Snapshot device 
is handheld, portable, and easily used in the oper-
ating room, hospital floors, or outpatient clinics. 
It is highly affordable, with no injected material 
or disposables required for use. The Snapshot 
KD203’s U.S. Food and Drug Administration–indi-
cated use is for the determination of oxygenation 
levels in superficial tissues for patients with poten-
tial circulatory compromise. Unlike SPY imaging, 
which requires separate processing of the image 
to acquire any quantification of the recorded 
fluorescence values, Snapshot provides an almost 
instantaneous measure of tissue oxygenation. SPY 
generates a grayscale image that can be colorized. 
Interpretation then relies on the use of either an 
absolute or relative fluorescence value to deter-
mine tissue perfusion. With a single recording, 
the Snapshot device generates a red, green, and 
blue image, and three sets of hemoglobin reflec-
tance images (mixed venous capillary bed, oxyhe-
moglobin and deoxyhemoglobin). No additional 
processing is required and values are absolute.

In this study, we used an experimental animal 
model of ischemic necrosis to compare the accu-
racy of both indocyanine green angiography and 
multispectral near-infrared reflectance imaging 
in assessing tissue perfusion, with both of these 
devices using near-infrared technology. It is our 
hypothesis that multispectral near-infrared reflec-
tance imaging is not inferior to laser fluorescence 
near-infrared angiography using indocyanine 
green in assessing tissue viability intraoperatively.

MATERIALS AND METHODS

Tissue Model
After approval by the Institutional Animal Care 

and Use Committee of the University of Illinois 
College of Medicine Peoria was obtained, nine 
Sprague-Dawley rats weighing 300 to 400  g with 
prearranged jugular vein access were acclimatized 
for a minimum of 3 days before use. Animals were 
anesthetized with general anesthesia by means of 
induction chamber with 4 to 5% isoflurane in 1.5 
to 2 liters/minute oxygen. After induction, main-
tenance for the surgical procedures used 1.5 to 
2.0% isoflurane delivered by 100% oxygen, 1.0 
liter/minute.

The back of each rat was shaved with a clipper, 
and a depilatory agent (Nair; Church & Dwight, 
Ewing, N.J.) was applied. A 10 × 3-cm reverse 
McFarlane flap, consisting of skin and the pan-
niculus carnosus along the dorsum of the rat, was 
raised as described in a previous study with the 
incorporation of an inferiorly based pedicle con-
taining parasacral vessels.26,27 The lateral edges of 
the wound were approximated to close the defect 
with 5-0 polypropylene sutures. Buprenorphine 
0.01 to 0.05 mg/kg was provided to the animals 
every 12 hours after surgery for analgesia.

Indocyanine Green Angiography
Intraoperative indocyanine green angiogra-

phy was performed immediately after surgery on 
each flap using the Novadaq/Stryker SPY Elite 
system. The SPY system uses a low-power infra-
red laser (806  nm) to stimulate fluorescence of 
the indocyanine green dye immediately following 
intravenous injection; the resulting fluorescence, 
which is emitted at 830 nm, is captured in video 
format. One bolus of 0.05  ml of indocyanine 
green (4.16 mg/ml) was administered through a 
jugular venous access.28 The flow of dye into the 
flap was captured at a rate of 30 frames/second 
over a 90-second duration with a 15 × 15-cm area 
of view. This indocyanine green protocol is similar 
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to the protocol used on human patients during 
skin flap reconstruction.6

Tissue Hemoglobin Oxygenation Imaging
The Kent KD203 Snapshot near-infrared sys-

tem was used to image the tissue hemoglobin oxy-
gen saturation of the flap. These measurements 
were acquired by holding the camera parallel to 
the flap surface at a distance of 30 cm. The focus 
distance is indicated by the alignment of two cen-
tral pinpoint laser markers. The field-of-view is 15 
× 20  cm, and imaging takes less than 3 seconds 
to perform. The oxygen saturation measurements 
reported by the device are weighted toward the 
smaller arterioles, venules, and capillaries of the 
vascular bed being imaged.29 This gives an indica-
tion of the local oxygen available to the surround-
ing tissue and thus is termed tissue hemoglobin 
oxygen saturation. The KD203 automatically takes 
digital color photographs that are spatially regis-
tered with the tissue hemoglobin oxygen satu-
ration image. These color images were used to 
record the visual appearance of the flap at the 
time of imaging, and the 72-hour color image was 
used to document the outcome of the flap.

Processing Color Images and Indocyanine Green 
and Tissue Hemoglobin Oxygen Saturation 
Images

For each flap, the postoperative color image, 
indocyanine green, and tissue hemoglobin oxygen 
saturation image were resized to have the same 

pixel dimensions. The postoperative photographs 
were then spatially registered to the 72-hour post-
operative color photograph (Fig. 1). Images were 
co-registered to the 72-hour outcome color pho-
tograph using a piecewise linear transformation 
based on seven to 10 pairs of invariant anatomi-
cal or other physical landmarks on the flap. The 
72-hour outcome photographs were supplied to 
three clinical evaluators, blinded to the immedi-
ate postsurgical images. Each evaluator traced 
the demarcation of the flap into ischemic and 
viable regions. This segmentation could then be 
automatically superimposed onto the correspond-
ing spatially registered immediate postoperative 
images. Figure 2 shows a pair of registered digital 
photographs of the same flap taken immediately 
postoperatively and 72 hours after surgery, fol-
lowed by images showing the segmentation of flap 
into viable and necrotic areas. Based on the evalu-
ated outcome of the flap overlaid onto the reg-
istered immediate postoperative photograph, the 
co-registered indocyanine green and tissue hemo-
globin oxygen saturation could be compared and 
analyzed on a pixel-by-pixel basis.

Statistical Analysis
Nonparametric methods were used in the 

receiver operating characteristic curve analysis 
of the data.30–32 Receiver operating characteristic 
curves provide a graphic comparison of the diag-
nostic performance of indocyanine green fluores-
cence angiography and tissue hemoglobin oxygen 

Fig. 1. (Left) Color digital photograph of the flap immediately postoperatively. (Second from left and second from right) 
Tissue hemoglobin oxygen saturation and indocyanine green images of the same flap taken immediately postopera-
tively. (Right) A 72-hour postoperative image.
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saturation imaging measured immediately post-
operatively to predict the 72-hour outcome of the 
flap. The area under the receiver operating char-
acteristic curve is a commonly used metric of the 
diagnostic accuracy of a test.33 Receiver operating 
characteristic curves and the corresponding areas 
under the receiver operating characteristic curve 
were calculated for the postoperative indocyanine 
green and tissue hemoglobin oxygen saturation 
images over the study population of nine flaps 
using the outcomes determined by each clinical 
evaluator. The sensitivities of the two postopera-
tive imaging methods to predict 72-hour tissue via-
bility of the flap at a fixed specificity (90 percent) 
for tissue necrosis were determined using the 
method reported by Zhou and Qin.34 The differ-
ence in the sensitivities of the two imaging meth-
ods at a specificity of 90 percent were compared 
using the method outlined for paired dependent 
samples by Qin et al.35

Each pixel in the registered postoperative 
indocyanine green and tissue hemoglobin oxygen 
saturation images correspond to a pixel in the 
binary image of the flap where regions that were 
viable 72 hours after surgery were assigned a true 
value (Figs. 2 and 3), whereas dead regions were 
assigned a false value (Figs. 2 and 3). Because of 
the high degree of spatial correlation between 
nearby pixels, a random sampling of 100 pix-
els from the viable and necrotic regions were 
selected from each flap to form a single bootstrap 

draw. Confidence intervals for the area under 
the receiver operating characteristic curve, sen-
sitivity at a fixed specificity and the difference in 
areas under the receiver operating characteris-
tic curve, and the difference in sensitivities at a 
fixed specificity were determined from 2000 such 
bootstrap draws. The predictive ability of postop-
erative indocyanine green and tissue hemoglobin 
oxygen saturation imaging to predict 72-hour 
flap outcome in terms of area under the receiver 
operating characteristic curve and sensitivity at 90 
percent specificity was compared. Given that the 
same flaps were imaged in close temporal proxim-
ity using indocyanine green and tissue hemoglo-
bin oxygen saturation, the data from the two tests 
were treated as paired dependent measurements. 
Differences in area under the receiver operating 
characteristic curve or sensitivity were considered 
statistically significant if their confidence intervals 
did not include 0.

RESULTS

Outcome Evaluation
Flap outcome was assessed independently at 

72 hours postoperatively by three clinical experts, 
blinded to the immediate postoperative indocya-
nine green and Snapshot images. Table 1 compares 
the assessed viable areas of each flap for each of the 
evaluators. Viable area ratio, defined as the viable 

Fig. 2. (Left) A 72-hour postoperative outcome digital color image. (Second from left) Line drawn by clinical evaluator demarking 
the viable and necrotic zones on the 72-hour outcome image. (Center) Segmentation of the flap into viable (red) and necrotic (blue) 
zones based on the demarcation provided by the expert evaluator. (Second from right) Immediate postoperative digital photo-
graph spatially matched (registered) to the 72-hour outcome image. (Right) Registered immediate postoperative image with the 
outcome segmentation of the flap overlaid.
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area divided by the total viable and necrotic area 
of the flap, was based on the evaluator’s demarca-
tion of the 72-hour flap digital color image into 
dead and viable zones. The differences in assessed 
viable area ratios between the evaluators were not 
statistically significantly different. Immediate post-
operative indocyanine green and Snapshot images 
were compared to 72-hour flap outcome based on 
the assessment of each evaluator. Analysis of the 
outcomes was based on the consensus of the three 
evaluators. In this case, consensus means includ-
ing only those pixels in the image where all three 
evaluators agreed on outcome.

Diagnostic Accuracy
Figure 4 presents the receiver operating char-

acteristic curves for the immediate postoperative 
Snapshot tissue hemoglobin oxygen saturation 
measurement for each of the three clinical evalu-
ators, and Figure  5 presents the corresponding 
receiver operating characteristic curves for the 
immediate postoperative indocyanine green mea-
surements. Table 2 reports the 95 percent confi-
dence interval for the area under these curves. 
Table 3 reports the 95 percent confidence inter-
val of the sensitivity of immediate postoperative 
measurements for predicting viable tissue at 72 

hours postoperatively at a fixed specificity of 90 
percent for predicting 72-hour necrosis. The last 
columns of Tables 2 and 3 report the 95 percent 
confidence intervals in the difference between 
the two diagnostic tests based on the 72-hour flap 
assessment from the three clinical evaluators. 
The last rows of these tables report the 95 per-
cent confidence intervals when using the 72-hour 

Table 1.  Independent Assessments of the 72-Hour 
Flap Outcome from Three Clinical Evaluators* 

Flap

Evaluator

1 (%) 2 (%) 3 (%)

1 74.5 76.2 74.5
2 70.8 70 74.1
3 73.8 74.1 80.3
4 66.5 65.6 65.7
5 89.6 88.1 84.3
6 69.5 70.5 74
7 94 93.1 88.6
8 58.6 58.2 56.3
9 60.3 61.7 61.7
*The percentage viable area was defined as the assessed viable area 
divided by the total area of the flap. The viable area was determined 
independently by each evaluator by marking the viable zones on the 
72-hr digital color photograph of the flap using a standard drawing 
program. These clinical evaluators were blinded to the postoperative 
tissue hemoglobin oxygen saturation and indocyanine green images. 
There was no statistically significant difference in the assessed per-
centage viable area between the evaluators.

Fig. 3. (Left) Image showing outcome at 72 hours. (Second from left) Overlay of the 72-hour outcome 
image; registered postoperative image with the outcome segmentation of the flap. (Second from right) 
Registered tissue hemoglobin oxygen saturation image acquired immediately postoperatively. (Right) 
Registered indocyanine green image acquired immediately postoperatively. The pixel-by-pixel correla-
tion between the tissue hemoglobin oxygen saturation and indocyanine green images over the area of 
the flap is ρ = 0.85.
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outcome assessment based on the consensus of 
the three evaluators. Figure 6 graphically reports 
the receiver operating characteristic curves asso-
ciated with the immediate postoperative indocya-
nine green and Snapshot measurements using the 
consensus 72-hour flap outcome assessment.

Raw Data
Table 4 reports the mean and standard devia-

tion of the percentage tissue hemoglobin oxy-
gen saturation (Table 4) and indocyanine green 

fluorescence intensity counts (Table 5) from the 
viable and necrotic zones over the study popu-
lation based on the consensus flap outcome 
assessment.

DISCUSSION
In November of 2017, our practice started 

using both the Novadaq/Stryker SPY Elite and Kent 
KD203 Snapshot near-infrared systems in tandem 
in the clinical setting. Our preliminary experience 
with 19 patients revealed that both systems corre-
late well overall.36 Although not yet peer reviewed, 
we have now performed dual-image assessments 
on an estimated 60 clinical flaps to date. We have 
had nine cases where Novadaq/Stryker SPY Elite 
system overpredicted necrosis relative to the Kent 
KD203 Snapshot near-infrared system.3,24

Fig. 4. Postoperative tissue hemoglobin oxygen saturation 
receiver operating characteristic curves. Receiver operating char-
acteristic curve immediately postoperatively of tissue hemoglo-
bin oxygen saturation imaging predicting 72-hour flap outcome 
based on the evaluation by three independent clinical reviewers. 
AUC, area under the receiver operating characteristic curve.

Fig. 5. Postoperative indocyanine green receiver operating 
characteristic curves. Receiver operating characteristics curve 
immediately postoperatively of indocyanine green imaging pre-
dicting 72-hour flap outcome based on the evaluation by three 
independent clinical reviewers. AUC, area under the receiver 
operating characteristic curve.

Table 2.  Area Under the Receiver Operating 
Characteristic Curve*

Evaluator Sto2 ICG Sto2 − ICG

1 0.92–0.94 0.87–0.90 0.03–0.06
2 0.91–0.94 0.87–0.90 0.03–0.06
3 0.94–0.96 0.92–0.94 0.01–0.04
Consensus 0.94–0.96 0.92–0.94 0.01–0.04
Sto2, tissue hemoglobin oxygen saturation; ICG, indocyanine green.
*The 95% CI for the area under the receiver operating characteris-
tics curve for postoperative tissue hemoglobin oxygen saturation and 
indocyanine green imaging to predict 72-hr flap outcome are shown. 
The column on the right reports the 95% CIs the difference in area 
under the receiver operating characteristic curve of postoperative tis-
sue hemoglobin oxygen saturation and indocyanine green imaging 
to predict 72-hr flap outcome. The first three rows report the results 
for each clinical evaluator, whereas the last row presents the results 
using the consensus outcome assessment from all three clinical eval-
uators. Tissue hemoglobin oxygen saturation and indocyanine green 
imaging are treated as paired dependent tests when determining the 
difference in area under the receiver operating characteristic curve. 

Table 3.  Percentage Sensitivity at Fixed Specificity of 
90 Percent

Evaluator Sto2 (%) ICG (%) Sto2 − ICG (%)

1 81.0–86.9 71.1–77.4 6.4–13.0
2 80.5–86.3 70.8–77.4 5.8–12.8
3 86.0–90.7 78.3–86.0 2.1–10.4
Consensus 86.3–91.0 79.1–86.9 1.6–9.9
Sto2, tissue hemoglobin oxygen saturation; ICG, indocyanine green.
*The 95% CI for the sensitivity of postoperative tissue hemoglobin 
oxygen saturation and indocyanine green imaging to predict 72-hr 
tissue viability at a fixed specificity of 90% for predicting tissue necro-
sis are shown. The column on the right reports the 95% CIs for the 
difference in sensitivity of postoperative tissue hemoglobin oxygen 
saturation and indocyanine green imaging to predict 72-hr tissue via-
bility at a fixed specificity of 90% for predicting tissue necrosis. The 
first three rows report the results for each clinical evaluator and the 
last row presents the results using the consensus outcome assessment 
from all three clinical evaluators. The reported differences treat the 
tissue hemoglobin oxygen saturation and indocyanine green imag-
ing as paired dependent tests to account for the matched experimen-
tal design used to image the flaps.
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Multispectral reflectance imaging–based 
devices have been commercially available for many 
years in localized probe format, exemplified by the 
T.Ox by ViOptix, Inc. (Newark, Calif.). Two recent 
analyses of such multispectral reflectance imaging 
platforms presented evidence indicating near-
infrared spectroscopy may be better able to detect 
vascular compromise in postoperative flap evalu-
ations earlier than conventional methods, such 
as physical examination or Doppler monitoring, 

leading to higher salvage rates.5,37 However, these 
probe-based devices have a narrow field of view 
and require continuous direct application on the 
patient. The Kent KD203 Snapshot near-infrared 
system incorporates similar multispectral reflec-
tance imaging technology, but this camera-based 
platform allows instantaneous assessment of tis-
sue oxygen saturation over a much wider field of 
view, similar in area to that of SPY imaging. This 
translates into a device more suitable for intraop-
erative assessment and surgical decision-making 
because there is no probe to clutter the surgical 
field, and one can view differential tissue oxygen 
saturations of an entire region/flap and intervene 
as necessary.27,29,38–40

Previous studies evaluating multispectral reflec-
tance imaging over a wide field are restricted largely 
to the basic science realm using noncommercial 
devices.27,41 In 1998, Stranc et al. found that regions 
of tissue imaged 1 hour after flap elevation with an 
oxygen saturation index remaining below 1 went on 
to necrosis in Sprague-Dawley rats.41 Sowa et al. later 
performed principal component analysis in another 
Sprague-Dawley rat model. This study found multi-
spectral reflectance imaging within the near-infrared 
spectrum only to be more sensitive than multispec-
tral reflectance imaging, including both visible and 
near-infrared wavelengths together.27 Payette et al. 
found wide-field multispectral reflectance imaging 
to have less variability in predicting arterial insuffi-
ciency when compared to laser Doppler flux mea-
surements in a Sprague-Dawley rat model.42 In 2012, 
Sowa et al. specifically looked at the predictive capa-
bilities of multispectral reflectance imaging in pre-
dicting tissue necrosis. Sowa and colleagues found 
specificities and sensitivities exceeding 85 percent in 
the early postoperative period.29 Most recently, the 
predictive capability of the OxyVuTM-2 from the 
HyperMed commercial platform was evaluated in a 
naked mouse model. This study found that the clini-
cally significant time threshold for measurements of 
deoxygenated hemoglobin that correlates with tis-
sue becoming necrotic is present within 30 minutes 
postoperatively.25

The present study differs from those men-
tioned previously in that we aim to show multi-
spectral reflectance imaging is not inferior to the 
most widely available and used tissue assessment 
technology currently on the market. Review of the 
receiver operating characteristic curves and final 
columns of Tables 2 and 3 indicate that the imme-
diate postoperative tissue hemoglobin oxygen 
saturation measurements were better predictors 
of McFarlane flap outcome compared with indo-
cyanine green imaging. Immediate postoperative 

Fig. 6. Receiver operating characteristic (ROC) curves of imme-
diate postoperative tissue hemoglobin oxygen saturation (Sto2) 
and indocyanine green (ICG) imaging to predict 72-hour flap 
outcome based on the consensus evaluation from three inde-
pendent clinical reviewers. AUC, area under the receiver operat-
ing characteristics curve.

Table 4.  Summary of Percentage Tissue Hemoglobin 
Oxygen Saturation over the Two Groups of the Study 
Population*

Viable Zone Necrotic Zone 

Mean (%) SD (%) Mean (%) SD (%)
57.7 17.3 26.2 16.5
*Using the consensus diagnosis of three clinical evaluations of the 
flaps 72  hr postoperatively that divided (grouped) each flap into 
viable and necrotic zones, the mean and standard deviation of per-
centage tissue hemoglobin oxygen saturation is reported for the two 
groups over the study population.

Table 5.  Summary of Indocyanine Green Measurements 
over the Two Groups of the Study Population

Viable Zone Necrotic Zone

Mean SD Mean SD
133.8 45.3 52.8 26.0
*Using the consensus diagnosis of three clinical evaluations of the 
flaps 72  hr postoperatively that divided (grouped) each flap into 
viable and necrotic zones, the mean and standard deviation of indo-
cyanine green fluorescence intensity are reported for the two groups 
over the study population.
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tissue hemoglobin oxygen saturation measure-
ments yielded a larger area under the curve for 
each of the three clinical evaluators and a higher 
sensitivity to predicting 72-hour tissue viability as a 
90 percent specificity for predicting 72-hour flap 
necrosis. Data were reanalyzed only including pix-
els where all three clinical evaluators agreed on the 
72-hour diagnosis. The receiver operating charac-
teristic curves for indocyanine green and tissue 
hemoglobin oxygen saturation consensus diagno-
sis imaging are compared in Figure  6. The area 
under the receiver operating characteristic curve 
for tissue hemoglobin oxygen saturation imaging 
was slightly greater than indocyanine green imag-
ing. The sensitivity of immediate postoperative 
tissue hemoglobin oxygen saturation imaging for 
predicting 72-hour tissue viability with the specific-
ity for predicting 72-hour necrosis fixed at 90 per-
cent was between 1.5 to almost 10 percent higher 
than for immediate postoperative indocyanine 
green imaging, and statistically significant.

Extrapolation of our results is limited. First, our 
data are based on a murine model. Second, our statis-
tical power is low, with only nine flaps being assessed. 
However, power analysis deemed the use of more 
animals unjustifiable. Further analysis will also be 
required to determine whether the statistically signif-
icant difference in predictive capability between the 
two modalities translates into a clinically significant 
difference. More data are needed to draw definitive 
conclusions both in animals and in humans.

CONCLUSIONS
Multispectral reflectance imaging is an excit-

ing and affordable new technology with the 
potential to make tissue viability assessment 
widely available, cost-effective, and portable. Our 
Sprague-Dawley experimental model found multi-
spectral reflectance imaging’s predictive capabil-
ity of tissue necrosis to be greater than or equal to 
that of indocyanine green angiography. Further 
compilation of human clinical data is pending.

Victor A. King, M.D.
Department of Plastic Surgery

Brown University Alpert Medical School at Rhode  
Island Hospital 

Rhode Island Hospital 
2 Dudley Street 

Providence, R.I. 02905
king313@sbcglobal.net

REFERENCES
	 1.	 Diep GK, Hui JY, Marmor S, et al. Postmastectomy recon-

struction outcomes after intraoperative evaluation with 

indocyanine green angiography versus clinical assessment. 
Ann Surg Oncol. 2016;23:4080–4085.

	 2.	 Duggal CS, Madni T, Losken A. An outcome analysis of intra-
operative angiography for postmastectomy breast recon-
struction. Aesthet Surg J. 2014;34:61–65.

	 3.	 Phillips BT, Lanier ST, Conkling N, et al. Intraoperative per-
fusion techniques can accurately predict mastectomy skin 
flap necrosis in breast reconstruction. Plast Reconstr Surg. 
2012;129:778e–788e.

	 4.	 Losken A, Styblo TM, Schaefer TG, Carlson GW. The use of 
fluorescein dye as a predictor of mastectomy skin flap via-
bility following autologous tissue reconstruction. Ann Plast 
Surg. 2008;61:24–29.

	 5.	 Chen Y, Shen Z, Shao Z, Yu P, Wu J. Free flap monitoring 
using near-infrared spectroscopy: A systemic review. Ann 
Plast Surg. 2016;76:590–597.

	 6.	 Gurtner GC, Jones GE, Neligan PC, et al. Intraoperative laser 
angiography using the SPY system: Review of the literature 
and recommendations for use. Ann Surg Innov Res. 2013;7:1.

	 7.	 Cervenka B, Bewley AF. Free flap monitoring: A review of 
the recent literature. Curr Opin Otolaryngol Head Neck Surg. 
2015;23:393–398.

	 8.	 Harless CA, Jacobson SR. Tailoring through technology: A 
retrospective review of a single surgeon’s experience with 
implant-based breast reconstruction before and after imple-
mentation of laser-assisted indocyanine green angiography. 
Breast J. 2016;22:274–281.

	 9.	 Holm C, Tegeler J, Mayr M, Becker A, Pfeiffer UJ, Mühlbauer 
W. Monitoring free flaps using laser-induced fluorescence of 
indocyanine green: A preliminary experience. Microsurgery 
2002;22:278–287.

	10.	 Munabi NC, Olorunnipa OB, Goltsman D, Rohde CH, 
Ascherman JA. The ability of intra-operative perfusion map-
ping with laser-assisted indocyanine green angiography to 
predict mastectomy flap necrosis in breast reconstruction: A 
prospective trial. J Plast Reconstr Aesthet Surg. 2014;67:449–455.

	11.	 Singer R, Lewis CM, Franklin JD, Lynch JB. Fluorescein test 
for prediction of flap viability during breast reconstructions. 
Plast Reconstr Surg. 1978;61:371–375.

	12.	 Komorowska-Timek E, Gurtner GC. Intraoperative perfu-
sion mapping with laser-assisted indocyanine green imaging 
can predict and prevent complications in immediate breast 
reconstruction. Plast Reconstr Surg. 2010;125:1065–1073.

	13.	 Pestana IA, Coan B, Erdmann D, Marcus J, Levin LS, 
Zenn MR. Early experience with fluorescent angiography 
in free-tissue transfer reconstruction. Plast Reconstr Surg. 
2009;123:1239–1244.

	14.	 Newman MI, Samson MC, Tamburrino JF, Swartz KA. 
Intraoperative laser-assisted indocyanine green angiography 
for the evaluation of mastectomy flaps in immediate breast 
reconstruction. J Reconstr Microsurg. 2010;26:487–492.

	15.	 Rao R, Saint-Cyr M, Ma AM, et al. Prediction of post-opera-
tive necrosis after mastectomy: A pilot study utilizing optical 
diffusion imaging spectroscopy. World J Surg Oncol. 2009;7:91.

	16.	 Holm C, Mayr M, Höfter E, Becker A, Pfeiffer UJ, Mühlbauer 
W. Intraoperative evaluation of skin-flap viability using laser-
induced fluorescence of indocyanine green. Br J Plast Surg. 
2002;55:635–644.

	17.	 Mothes H, Dönicke T, Friedel R, Simon M, Markgraf E, 
Bach O. Indocyanine-green fluorescence video angiography 
used clinically to evaluate tissue perfusion in microsurgery. J 
Trauma 2004;57:1018–1024.

	18.	 Jones GE, Garcia CA, Murray J, Elwood ET, Whitty LA. 
Fluorescent intraoperative tissue angiography for the evalu-
ation of the viability of pedicled TRAM flaps [abstract]. Plast 
Reconstr Surg. 2009;124:53.

mailto:king313@sbcglobal.net


Copyright © 2019 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

Volume 145, Number 1 • Multispectral versus Fluorescence Imaging

93e

	19.	 Yamaguchi S, De Lorenzi F, Petit JY, et al. The “perfusion 
map” of the unipedicled TRAM flap to reduce postoperative 
partial necrosis. Ann Plast Surg. 2004;53:205–209.

	20.	 Moyer HR, Losken A. Predicting mastectomy skin flap 
necrosis with indocyanine green angiography: The gray area 
defined. Plast Reconstr Surg. 2012;129:1043–1048.

	21.	 Venturi ML, Mesbahi AN, Copeland-Halperin LR, Suh VY, 
Yemc L. SPY Elite’s ability to predict nipple necrosis in 
nipple-sparing mastectomy and immediate tissue expander 
reconstruction. Plast Reconstr Surg Glob Open 2017;5:e1334.

	22.	 Gorai K, Inoue K, Saegusa N, et al. Prediction of skin necrosis 
after mastectomy for breast cancer using indocyanine green 
angiography imaging. Plast Reconstr Surg Glob Open 2017;5:e1321.

	23.	 Sood M, Glat P. Potential of the SPY intraoperative perfu-
sion assessment system to reduce ischemic complications in 
immediate postmastectomy breast reconstruction. Ann Surg 
Innov Res. 2013;7:9.

	24.	 Mattison GL, Lewis PG, Gupta SC, Kim HY. SPY imaging use in 
postmastectomy breast reconstruction patients: Preventative 
or overly conservative? Plast Reconstr Surg. 2016;138:15e–21e.

	25.	 Chin MS, Chappell AG, Giatsidis G, et al. Hyperspectral 
imaging provides early prediction of random axial 
flap necrosis in a preclinical model. Plast Reconstr Surg. 
2017;139:1285e–1290e.

	26.	 McFarlane RM, DeYoung G, Henry RA. The design of a ped-
icle flap in the rat to study necrosis and its prevention. Plast 
Reconstr Surg. 1965;35:177–182.

	27.	 Sowa MG, Payette JR, Hewko MD, Mantsch HH. Visible-near 
infrared multispectral imaging of the rat dorsal skin flap. J 
Biomed Opt. 1999;4:474–481.

	28.	 Monahan J, Hwang BH, Kennedy JM, et al. Determination 
of a perfusion threshold in experimental perforator flap sur-
gery using indocyanine green angiography. Ann Plast Surg. 
2014;73:602–606.

	29.	 Sowa MG, Friesen JR, Levasseur M, Schattka B, Sigurdson L, 
Hayakawa T. The utility of near infrared imaging in intra-oper-
ative prediction of flap outcome: A reverse McFarlane skin 
flap model study. J Near Infrared Spectrosc. 2012;20:601–615.

	30.	 Eng J. Receiver operating characteristic analysis: A primer. 
Acad Radiol. 2005;12:909–916.

	31.	 Bewick V, Cheek L, Ball J. Statistics review 13: Receiver oper-
ating characteristic curves. Crit Care 2004;8:508–512.

	32.	 Obuchowski NA. Receiver operating characteristic curves 
and their use in radiology. Radiology 2003;229:3–8.

	33.	 Hanley JA, McNeil BJ. The meaning and use of the area 
under a receiver operating characteristic (ROC) curve. 
Radiology 1982;143:29–36.

	34.	 Zhou XH, Qin G. Improved confidence intervals for the 
sensitivity at a fixed level of specificity of a continuous-scale 
diagnostic test. Stat Med. 2005;24:465–477.

	35.	 Qin G, Hsu YS, Zhou XH. New confidence intervals for the 
difference between two sensitivities at a fixed level of speci-
ficity. Stat Med. 2006;25:3487–3502.

	36.	 Jones GE, Yoo A, Sowa MG, King VA. Abstract: Comparison of 
multispectral reflectance imaging indocyanine green angiog-
raphy. Plast Reconstr Surg Glob Open 2018;6(Suppl):234–235.

	37.	 Kagaya Y, Miyamoto S. A systematic review of near-infrared 
spectroscopy in flap monitoring: Current basic and clini-
cal evidence and prospects. J Plast Reconstr Aesthet Surg. 
2018;71:246–257.

	38.	 Landsman AS, Barnhart D, Sowa M. Near-infrared spectros-
copy imaging for assessing skin and wound oxygen perfu-
sion. Clin Podiatr Med Surg. 2018;35:343–355.

	39.	 Gioux S, Mazhar A, Lee BT, et al. First-in-human pilot study 
of a spatial frequency domain oxygenation imaging system. J 
Biomed Opt. 2011;16:086015.

	40.	 Nguyen JT, Lin SJ, Tobias AM, et al. A novel pilot study using 
spatial frequency domain imaging to assess oxygenation of 
perforator flaps during reconstructive breast surgery. Ann 
Plast Surg. 2013;71:308–315.

	41.	 Stranc MF, Sowa MG, Abdulrauf B, Mantsch HH. Assessment 
of tissue viability using near-infrared spectroscopy. Br J Plast 
Surg. 1998;51:210–217.

	42.	 Payette JR, Kohlenberg E, Leonardi L, et al. Assessment of 
skin flaps using optically based methods for measuring blood 
flow and oxygenation. Plast Reconstr Surg. 2005;115:539–546.


