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Intraoperative indocyanine green angiography for the
objective measurement of blood flow
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Purpose: Intraoperative assessment of tissue perfusion is important to predict wound healing or improvement of symp-
toms in patients with peripheral arterial disease (PAD) or vascular trauma. There is no widely accepted standard for
intraoperative measurement of tissue perfusion. Here, we report the use of indocyanine green (ICG)-based angiography to
determine the blood flow in patients with PAD and vascular trauma.

Methods: The SPY fluorescent imaging system was utilized. A dose of 3-5 mL of ICG (2.5 mg/mL) was injected intravenously
followed by a 10-mL normal saline flush. The SPY imaging system was used to quantitatively assess perfusion. During the
study period, the SPY imaging system was applied in 4 patients with PAD and one patient with vascular trauma.

Results: In 3 patients with PAD associated with an ischemic wound, complete wound healing was achieved with the
indication of viable tissue by the SPY system. In one patient with severe claudication in both lower extremities, the ICG
angiography was used to determine the increased blood flow after revascularization. In the case of vascular trauma, this
imaging system enabled the delineation of viability of the injured tissue.

Conclusion: ICG angiography can determine the surface tissue viability in PAD patients. In cases of severe vascular trauma,
the SPY system can be used to determine tissue perfusion. Further study is warranted to define the definite utility of this
technology to assess perfusion, response to revascularization, and potentially, to predict the likelihood of wound healing.

[Ann Surg Treat Res 2016;90(5):279-286]
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INTRODUCTION

Peripheral arterial disease (PAD) is not an uncommon vas-
cular disease. The prevalence of PAD has been reported to range
from 1.7% to 153% in the Korean population [1-3]. The clinical
manifestations of PAD include intermittent pain produced by
varying degrees of walking, resting pain, and ischemic wound.
The goal of the PAD treatment is to relieve the ischemic pain
and to achieve complete wound healing with and without
excision of gangrenous tissue after proper revascularization.

Intraoperative assessment of tissue perfusion is important

to predict wound healing or improvement of symptoms in
patients with PAD or traumatic injury to the vessel. Therefore,
accurate and reliable intraoperative evaluation of tissue
perfusion is critical to reduce complications and to improve
clinical outcomes. Clinical judgment is the most commonly
used method for determining the blood supply [4], but when
used alone, is not always completely reliable [5].
Transcutaneous tissue oxygenation has been used to aug-
ment the information provided by standard Doppler arterial
waveform and pressure measurements [6]. Although these
techniques may provide information on regional perfusion,
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information on the blood supply to the ankle or toe that helps
to predict amputation levels is not obtained. Moreover, they
also have significant variability, raising some doubts about their
overall clinical utility. Currently, there is no widely accepted
standard for intraoperative measurement of tissue perfusion.

The indocyanine green (ICG)-based imaging system was intro-
duced to determine real-time arterial blood flow to an ulcerated
and/or partially necrotic foot, capillary perfusion within the
tissue in doubt, as well as to assess the most current degree of
necrosis. Here, we report the clinical use of ICG angiography
(ICGA) to determine the blood flow in patients with PAD and
vascular trauma.

METHODS

The SPY fluorescent imaging system (Novadaq Corp., Bonita
Springs, FL, USA) was utilized to determine arterial blood
flow in five consecutive patients. Four patients had PAD and 1
patient had an open wound on the buttock after a traffic acci-
dent.

The SPY fluorescent imaging system consists of an imaging
head equipped with a charge-coupled device (CCD) camera, a
laser light source, and a distance sensor (Fig, 1). We positioned
the CCD camera within the distance indicated by the range bar
displayed on the monitor. The optimal distance from the tissue
to the CCD camera was adjusted with the merging of two laser
points.

A dose of 3-5 mL of ICG (25 mg/mL) was injected intra-
venously followed by a 10-mL normal saline flush. The SPY
imaging system was used to quantitatively assess perfusion.
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Fig. 1. The SPY fluorescent imaging system (Novadaq Corp.,
Bonita Springs, FL, USA). The imaging head is attached to
an articulating arm on a mobile cart containing the central
processing unit, keyboard, monitor, and mouse.

The objective data on tissue perfusion were obtained before
and after revascularization. If the necrotic tissue needed to be
excised, tissue excision patterns were based on the tissue per-
fusion characteristics and the quantitative perfusion gradients.

RESULTS

During the study period, the SPY imaging system was applied
in 4 patients with PAD and 1 patient with vascular trauma.
Among the 4 PAD patients, 3 patients presented with critical
limb ischemia Rutherford category 5 and 1 patient presented
with severe claudication. The ICGA was performed before and
after revascularization in PAD patients. Also, this imaging was
performed before wound closure in the patient with a traumatic
wound. We obtained the video image and the objective level of
tissue perfusion.

Patient 1
A 78-year-old male patient with a history of type 2 diabetes

presented with gangrene of the right 4th toe, which was present
since 2 months. The patient had a history of hypertension and
loss of protective sensation (particularly in the right foot). Pre-
operative CT angiography showed a severe stenotic lesion in
bilateral iliac arteries and diffuse atherosclerotic changes in
the right superficial femoral artery. For the revascularization
procedure, stent placement in bilateral iliac arteries and translu-
minal atherectomy using a directional atherectomy device were
performed. After the revascularization procedure, excision of
the necrotic tissue including the right 4th toe was planned.
ICGA was used to determine tissue perfusion in the right foot,
especially in the plantar region. It was impossible to determine
the location of the viable margin in the right foot (Fig. 2A).
However, preoperative ICGA showed clear demarcation of the
ischemic area and perfusion state of the surrounding tissue (Fig,
2B). Three days after excision of the necrotic portion including
the right 4th toe, clinical judgment revealed complete removal
of the necrotic tissue and good perfusion in the surrounding
tissue (Fig. 2C). With the use of postoperative ICGA, we could
confirm adequate perfusion in the surrounding tissue (Fig.
2D). The wound was completely healed with closure of the
surrounding viable tissue.

Patient 2
A 68-year-old male patient with a history of diabetes pre-

sented with an ulcerative lesion in the right foot. The patient
had a history of coronary artery disease and chronic renal
disease. Preoperative CT angiography showed a severe steno-
occlusive lesion in the right superficial femoral, popliteal, and
tibial arteries. Revascularization was planned with balloon
angioplasty and selective stent placement for the residual
stenosis or flow-limiting dissection after angioplasty. The ICGA
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Fig. 2. Indocyanine green angiography (ICG) before and after amputation. (A) Before the operation, it was impossible to
delineate the viable margin. (B) Preoperative ICG angiogram shows clear demarcation between the viable and ischemic
regions. (C) Three days after excision of the necrotic portion including the right 4th toe, clinical judgment revealed viable tissue
around the excised area. (D) Postoperative ICG angiogram confirmed the presence of viable tissue in this region.

was used to measure the perfusion after angioplasty. Fig. 3A
and B show the initial picture of the right foot and ICGA before
revascularization. After balloon angioplasty, the perfusion
was increased (Fig. 3C). But the arteriogram after balloon
angioplasty showed residual stenosis greater than 50% in the
right superficial femoral artery. Therefore, we performed stent
placement in the right superficial femoral artery. After stent
placement, ICGA showed significantly increased perfusion in
the right foot (Fig. 3D).

Patient 3

A 73-year-old male patient presented with gangrene on the
right 2nd toe. The patient had a history of renal cell carcinoma
in the left kidney. One month before admission, he underwent
left nephrectomy. Preoperative CT angiography showed diffuse,
long-segment occlusion of the right superficial femoral and
popliteal arteries. The femoro-popliteal bypass was performed

using the ipsilateral greater saphenous vein. After successful
revascularization, amputation of the gangrenous toe was
planned. The ICGA was used to determine the tissue perfusion
around the gangrenous portion after bypass surgery. Fig. 4
shows no perfusion in the right second toe and adequate
perfusion around the gangrenous portion. After amputation of
the right second toe, the wound was completely healed.

Patient 4
A 80-year-old male patient presented with severe claudica-

tion in both lower extremities. The patient had a history
of hypertension. Preoperative CT angiography showed dif-
fuse stenosis of the right superficial femoral artery and
short segment occlusion of the left external iliac artery. The
ICGA was used to determine the increased blood flow after
revascularization. Revascularization was performed with
transluminal atherectomy in the right superficial femoral artery
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Fig. 3. Indocyanine green angiography (ICG) before and after revascularization. (A) Initial picture of the right foot shows
ulceration over the plantar area (arrow). (B) Prerevascularization ICG angiogram shows decreased global perfusion in the right
foot. (C) After balloon angioplasty, ICG angiogram shows slightly increased perfusion. (D) After stent placement in the region of
the residual stenosis, ICG angiogram shows markedly increased perfusion.

and stent placement in the left external iliac artery. Fig, 5A and
B show the baseline ICGA at 87 and 132 seconds, respectively.
After stent placement in the left external iliac artery, ICGA
showed markedly increased blood flow in the left leg at 83
seconds (Fig. 5C). After transluminal atherectomy in the right
superficial femoral artery, ICGA showed increased perfusion in
the right foot at 123 seconds (Fig, 5D). On left foot, the intensity
of flow around the great toe increased from 49 to 124. And that
of right great toe increased from 60 to 82.

Patient 5

A 72-year-old female patient presented with a laceration
wound on her right buttock due to traffic accident (Fig, 6A). The
CT angiogram showed active bleeding from the branch of right
hypogastric artery. For bleeding control, coil embolization was
performed. After successful coil embolization, active bleeding
was controlled. Before definite wound closure, ICGA was used

to determine the blood supply to the tissue supplied by the
artery that was embolized. Fig, 6A shows the open wound. ICGA
after coil embolization showed adequate perfusion of the tissue
around the open wound (Fig. 6B). After successful closure of the
wound, complete healing was achieved (Fig. 6C).

DISCUSSION

The SPY system provides an intraoperative laser angiograph
as a vascular imaging methodology. This system utilizes a
laser diode array to illuminate a maximum field of 18.5 cm’
X 135 cm’. A CCD camera can be configured to capture im-
age sequences at 3.75 to 30 frames per second, depending on
the desired recording time of between 30 seconds and up
to a maximum of 4.5 minutes. Images are viewed on a high-
definition monitor in real time, allowing for immediate evalua-
tion in the operating room [7].
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Fig. 4. Indocyanine green angiography (ICGA) for toe gangrene. (A) Gangrene of the right second toe is shown (arrow). (B)
An ICGA grayscale image after bypass surgery shows no perfusion in the right second toe and adequate perfusion in the
surrounding tissue. (C) The objective numbers are shown in an ICGA grayscale image. (D) An ICGA heat-map image shows

adequate perfusion in the right foot after bypass surgery.

The SPY system utilizes ICG as a fluorescence agent to enable
visualization. ICG is an inert, water soluble, nonradioactive
and nontoxic contrast agent, which has been approved by the
U.S. Food and Drug Administration since 1959. ICG is rapidly
bound to plasma albumin upon intravenous administration
and is exclusively excreted through the biliary system in an
unconjugated form, without enterohepatic circulation, and
a half-life in blood of 25 to 3 minutes [8]. ICG can be safely
administered multiple times to the same person. It has an
extremely low incidence of adverse reactions, 1/60,000 doses
[891.

It has been already reported that the SPY system provides
a useful assessment of tissue perfusion in a variety of clini-
cal applications including breast reconstructive surgery,
anastomotic perfusion during colorectal surgery, tissue per-
fusion during a large ventral hernia repair, and coronary
artery bypass graft. In case series and prospective studies

about breast reconstructive surgery, adequate intraoperative
perfusion assessment using the SPY system was associated
with reduced rates of postoperative necrosis and flap loss
compared to clinical judgment alone [10-13]. In colorectal
surgery, ICGA of colorectal anastomosis at the time of their
construction is feasible and readily achievable with minimal
added intraoperative time [14,15]. Patel et al. [8] reported the use
of ICGA in complex abdominal wall reconstruction in patients
with large ventral hernia defects. Operative debridement and
wound infection development occurred more frequently in
the non-ICG cohort compared with the ICG cohort (17% vs. 0%,
respectively). Waseda et al. [16] evaluated the SPY system for the
real-time assessment of graft patency during off-pump coronary
artery bypass grafting in a total of 507 grafts in 137 patients.
They concluded that the SPY system helped reduce procedure-
related, early graft failures in off-pump bypass patients.

In our case series, the first 3 patients had an ischemic
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Fig. 5. Indocyanine green (ICG) angiography after revascularization in a patient with claudication. (A, B) Baseline ICG
angiograms show decreased perfusion in both feet at 87 seconds and 132 seconds, respectively. (C) After stent placement in
the left external iliac artery, ICG angiogram shows increased blood flow in the left foot at 83 seconds. (D) After transluminal
atherectomy of the right superficial femoral artery, ICG angiogram shows increased perfusion in the right foot at 123 seconds.

Fig. 6. Indocyanine green (ICG) angiography for vascular trauma. (A) Initial picture shows a deep lacerated wound on the
right buttock. (B) The ICG angiogram after coil embolization shows adequate perfusion of the tissue surrounding the injury. (C)
Complete wound healing was achieved with the indication of ICG angiogram.

wound on their feet. ICGA was able to determine tissue perfu-
sion and to confirm the extent of viable tissue after revas-
cularization. Yamamoto et al. [17] reported that ICGA could
accurately assess peripheral arterial perfusion in the saphenous

vein graft anastomosed to the paramalleolar artery in 12
patients. Perry et al. [18] used ICGA to assess the viable tissue
in patients with diabetic foot. ICGA clarified the extent of
necessary debridement and provided an immediate indication
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of improvement in regional perfusion status following
revascularization.

In the fourth patient, we used the SPY system to evaluate the
improved perfusion after revascularization in a claudicant. For
comparing the initial ICGA imaging with postrevascularization
imaging, we captured the image at a similar time. The initial
imaging depicted in Fig. 5A and B showed similar perfusion due
to the occlusive lesion in the artery in both lower extremities.
However, imaging after stent placement depicted in Fig. 5C
and D showed markedly improved perfusion. But it is not
possible to describe quantification of foot perfusion. Braun et
al. [19] performed ICGA within 5 days of 31 revascularization
procedures in patients with Rutherford class 5 and 6 ischemia.
In this study, ICGA provided rapid visual and quantitative
information about regional foot perfusion. Although ICGA
can show this valuable information, it may not be used in real
practice.

In cases of vascular trauma, traditional means for assessing
viability using Doppler and angiography can have limited
application. Connolly et al. [20] reported a case of complicated
ankle fracture with severe vascular compromise, which illu-
strates the role of ICGA as an assessment tool to guide ther-
apy and decision-making in cases of acute limb threat. Post-
operative SPY imaging showed rapid uptake in the foot, which
corresponded with the patient’s clinical improvement. Com-
plete limb salvage was achieved. In our case series, the last
patient suffered vascular trauma. SPY imaging was the guide
to decide on wound closure. Eventually, we achieved complete
wound healing,

There are several limitations of this device. SPY technology is
limited by perfusion information at a depth of 5 mm, therefore
providing information solely on the superficial capillary
system and is incapable of assessing deep tissue perfusion.
Additionally, patients allergic to iodine or sulfa and penicillin
should be excluded from any procedures involving ICG. It is
not known whether ICGA provides the same or higher level of
sensitivity and specificity demonstrated by other nonvascular
measurements [18].

In conclusion, ICGA can determine the surface tissue viability
in PAD patients with an ischemic wound. This imaging moda-
lity endeavors to delineate regional foot perfusion to guide
revascularization therapy in PAD patients with claudication. In
cases of severe vascular trauma, the SPY system can be used to
determine the tissue perfusion. Further study is warranted to
help define the utility of this technology to assess perfusion,
response to revascularization, and potentially, to predict the
likelihood of wound healing,
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