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O B J E C T I V E S The aim of this study was to evaluate the intraoperative fluorescence imaging (IFI)

system in the real-time assessment of graft patency during off-pump coronary artery bypass graft.

B A C K G R O U N D Intraoperative fluorescence imaging is an intraoperative angiography-like imag-

ing modality using fluorescent indocyanine green excited with laser light. Recently, assessment of graft

patency using the IFI system was introduced into clinical use. The feasibility and efficacy of IFI

technology in off-pump coronary artery bypass graft has not been systematically compared with other

conventional diagnostic modalities.

M E T H O D S Patients undergoing off-pump coronary artery bypass graft received IFI analysis,

intraoperative transit time flowmetry, and postoperative X-ray angiography. In off-line IFI analysis, the

graft washout was classified based on the number of heartbeats required for indocyanine green

washout: fast washout (�15 beats) and slow washout (�15 beats).

R E S U L T S A total of 507 grafts in 137 patients received IFI analysis. Of all the IFI analyses, 379 (75%)

grafts were visualized clearly up to the distal anastomosis. With regard to anastomosis location, anterior

location was associated with a higher percentage of fully analyzable images (90%). More than 80% of

images were analyzable, irrespective of graft type. Six grafts with acceptable transit time flowmetry

results were diagnosed with graft failure by IFI, which required on-site graft revision. All revised grafts’

patency was confirmed by post-operative X-ray angiography. Conversely, 21 grafts with unsatisfactory

transit time flowmetry results demonstrated acceptable patency with IFI. Graft revision was considered

unnecessary in these grafts, and 20 grafts (95%) were patent by post-operative X-ray angiography.

Compared with slow washout, fast washout was associated with a higher preoperative ejection fraction,

use of internal mammary artery grafts, and anterior anastomosis location.

C O N C L U S I O N S The IFI system enables on-site assessment of graft patency, providing both

morphologic and functional information. This technique may help reduce procedure-related, early graft

failures in off-pump bypass patients. (J Am Coll Cardiol Img 2009;2:604–12) © 2009 by the American

College of Cardiology Foundation
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ompared with conventional on-pump cor-
onary artery bypass graft (CABG) surgery,
off-pump CABG potentially decreases the
incidence of myocardial injury, renal

amage, and central nervous system complications
1–4). However, the clinical benefits of off-pump
ABG are partly offset by a mildly higher rate of

arly graft occlusion (1). Several diagnostic mea-
ures including transit time flowmetry (TTFM)
ave been used for intraoperative assessment of
raft patency. However, their efficacy is limited due
o the lack of standardized criteria and/or lack of
lear visualization of anastomoses.

See page 613

Recently, assessment of graft patency using an
ntraoperative fluorescence imaging (IFI) system
as introduced into clinical use. The IFI system is
novel imaging method based on the fluorescence
roperties of indocyanine green (ICG) (5,6). Bind-
ng to plasma proteins, ICG fluoresces when illu-

inated with a near-infrared laser beam. A laser
ight at the wavelength of 806 nm used in this
ystem can maximally penetrate 1 to 2 mm of soft
issue. The fluorescence sequentially shows illumi-
ation of the graft or coronary artery lumen, a blush
f the epicardium as dye passes through the micro-
irculation, and finally, washout through the coro-
ary veins. This method makes possible on-site
ssessment of graft failure and identifies the need
or subsequent graft revision if required. The fea-
ibility and efficacy of this novel imaging tech-
ology in off-pump CABG, however, have not
een systematically compared with other conven-
ional diagnostic modalities. Thus, the aims of this
tudy were to evaluate the efficacy of the IFI system
n off-pump CABG and to compare the results with
hose of conventional TTFM and post-surgery
ngiography.

E T H O D S

tudy design and patients. All patients undergoing
ff-pump CABG between January 2002 and May
005 at Hiratsuka Kyosai Hospital (Hiratsuka,
apan) received IFI assessment and compose the
tudy population.

A portion of patients underwent minimally inva-
ive direct coronary artery bypass graft (MID-
ABG), defined as off-pump surgery without ster-

otomy. Exclusion criteria included patients with �
nown history of iodine allergy, and patients who
ubsequently required on-pump CABG. All medi-
ations were prescribed as clinically indicated. The
rotocol was approved by the ethical committee,
nd all patients gave written informed consent to
articipate in this study.
FI system. The IFI system (Novadaq Technologies
nc., Concord, Ontario) used for image acquisition
as been previously described (5,7). In summary,
he imaging device depends on the fluorescence
roperties of ICG dye when illuminated by a
ear-infrared laser light source. After injection of
iluted ICG (0.625 mg in 0.5 ml saline) through a
entral venous catheter, ICG is rapidly flushed with
0 ml of normal saline. The fluorescence sequen-
ially shows illumination of the graft and coronary
rtery lumen, perfusion territory, and coronary vein
Fig. 1) (Online Video 1). The image is captured on
charge-coupled device video camera (30 frames/s),
hich is mounted over the operating field.
he procedure requires a few minutes per
raft (8). The limitations of IFI are: 1) the
ntire graft cannot be imaged in the same
equence by central venous injection, as
he field of view is not large enough; and
) the system does not penetrate tissue like
-ray angiography does.
To compare IFI with angiography, the

uality of images obtained was classified as
ollows: 1) fully analyzable: clear and full
isualization of graft, distal anastomosis
nd native coronary; and 2) partially ana-
yzable: clear visualization of graft body
ith poor or no visualization of distal

nastomosis, and/or significant arrhythmia at the
ime of image acquisition. The washout of ICG was
isually defined as follows: fast washout (heartbeats
equired for ICG washout: �15 beats), slow wash-
ut (heartbeats required for ICG washout: �15
eats), and no-flow (ICG pooling in graft or no
CG in graft). All IFI results were analyzed by an
nalyst blinded to other angiographic and clinical
esults.
ransit time flowmetry. Mean graft flow (MGF)
nd pulsatility index (PI) were obtained using a
TFM system (Medi-Stim Butterfly Flowmeter,
edi-Stim ASA, Oslo, Norway). Mean graft

ow was expressed as milliliters per minute, and
I was defined as the difference between maxi-
um and minimum flow divided by the mean

ow (9,10). In this study, unsatisfactory graft
ow based on TTFM results was defined MGF

A B B

A N D

CABG

graft

ICG �

IFI �

imagi

MGF �

MID-C

direct

graft

PI � p

TTFM
5 or PI �5 (11).
R E V I A T I O N S

A C R O N YM S

� coronary artery bypass

indocyanine green

intraoperative fluorescence

ng

mean graft flow

ABG � minimally invasive

coronary artery bypass

ulsatility index

http://jaccimage.cardiosource.com/vol2/issue5/0395_VID1-vol2iss5.mov
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uantitative coronary angiography. All conven-
ional X-ray angiograms were assessed using an
ff-line quantitative coronary angiography system
Quant32, Sanders Data Systems, Palo Alto, Cali-
ornia) by 2 experienced angiographers at the Stan-
ord Core Cardiovascular Analysis Laboratory. Per-
ent diameter stenosis was measured at the
nastomosis with graft body as the reference. An-
iographically significant lesions were defined as

Figure 1. Representative Fluorescence Image

In early arterial phase, native coronary artery is shown by fluorescen
the first diagonal branch and left anterior descending coronary arte
nine green is washed out of the coronary arteries, surface veins are
nal mammary artery graft.

Table 1. Baseline Characteristics (N � 137 Patients)

Average age, yrs 70.0 � 9.0

Male, % 77

Acute coronary syndrome, % 39

Coronary risk factors, %

Hypertension 84

Dyslipidemia 52

Diabetes 44

Smoking 35

Prior CABG, % 7

Prior myocardial infarction, % 59

Prior PCI, % 45

Urgent CABG, % 31

Off-pump CABG, % 100

CABG with sternotomy/MID-CABG, % 82/18

Number of diseased vessels, %

1VD/2VD/3VD 9/27/64

Number of distal anastomoses (per patient) 3.7 � 1.7

Operation time, h 5.0 � 1.3

IABP, % 27

CABG � coronary artery bypass graft; IABP � intra-aortic balloon pumping;
MID-CABG � minimally invasive direct coronary artery bypass graft; PCI �
dpercutaneous coronary intervention; VD � vessel disease.
0% diameter stenosis, and grafts without a signif-
cant stenosis were considered patent.
tatistical analysis. Statistical analysis was per-
ormed using Statview 5.0 (SAS Institute, Cary,
orth Carolina). Continuous variables are ex-

ressed as mean � SD, and their comparisons
ere performed with 2-tailed, unpaired t tests.
ategorical variables were compared using chi-

quare or the Fisher exact test. The Fisher exact
est was used if there was an expected cell value

5. Significance was assumed at a value of p �
.05. The assessment was based on the graft as
he unit of analysis, and no correction was made
or the use of multiple correlated observations
ithin patients.

E S U L T S

atient population. Intraoperative fluorescence im-
ging was initially attempted in a total of 507 grafts
n 137 patients undergoing off-pump CABG. Base-
ine patient characteristics are shown in Table 1.
cute coronary syndrome comprised 39% of the
atients. Postoperative angiography was performed
3.5 � 6.3 days after surgery. In this series, 18% of
he patients received MID-CABG.

Image acquisition was unavailable in 37 grafts
7%) due to unstable hemodynamic condition
nd/or anatomical position of the grafts. Another
1 grafts (18%) were classified as partially analyz-
ble due to failure to visualize the distal anastomosis
n � 74) or significant arrhythmia (n � 17), which

umination (A). Subsequently, bypass graft (sequential bypass to
AD]) is illuminated, confirming graft patency (B). After indocya-
ble (C). Also see Online Video 1. *Anastomosis site. IMA � inter-
t ill
ry [L
visi
eemed the remaining 379 grafts (75%) fully ana-

http://jaccimage.cardiosource.com/vol2/issue5/0395_VID1-vol2iss5.mov
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yzable (74% were CABG with sternotomy, and
5% were MID-CABG). Fourteen patients de-
lined post-operative coronary angiography, result-
ng in 289 grafts from 116 patients eligible for
omplete comparison with TTFM and quantitative
oronary angiography (Fig. 2).

Graft types and anastomosis location are summa-
ized in Table 2. With regard to anastomosis
ocation, anterior location was associated with a
igher percentage of fully analyzable images. More
han 80% of images were analyzable, irrespective of
raft type (Fig. 3).
omparison among IFI, TTFM, and post-operative an-
iography. A total of 289 grafts were available for
omparison among IFI, TTFM, and quantitative
oronary angiography. Six grafts with acceptable
TFM results (MGF �5 ml/min and PI �5)
ere diagnosed with graft failure by the IFI

ystem, which resulted in on-site graft revision
Fig. 4, Table 3). Graft patency was confirmed
ith postoperative angiography in all of the 6
rafts (Fig. 5, Online Videos 2 and 3). Con-
ersely, 21 grafts with unsatisfactory TTFM re-
ults demonstrated acceptable patency with the
FI system. Graft revision was considered un-
ecessary in these 21 grafts, among which 20
rafts were patent by postoperative angiography
Fig. 4). Nine grafts (11 anastomoses) out of 379
rafts were occluded at the time of postoperative
ngiography despite acceptable IFI results. Clin-
cal and procedural characteristics are summa-
ized in Table 4. Patients with a failed graft that
upposedly perfused a small territory of myocar-
ium were followed medically without further

ntervention.

Table 2. Anatomosis Location and Graft Type

Overall
(N � 507 Grafts)

Distal anastomosis location, %

Anterior 28

Lateral 37

Inferior 26

Posterior 9

Graft type, %

IMA 37

RA 38

SVG 22

GEA 3

*Coronary artery bypass graft with sternotomy versus minimally invasive direct

GEA � gastroepiploic artery graft; IMA � internal mammary artery graft; RA �
ngiographic result of incomplete IFI cases. Postop-
rative angiographic results were partially available
or the grafts that we excluded from the final
nalyses. Among 37 grafts whose IFI was not
btained (Fig. 2), 26 grafts received angiographic
creening, confirming their patency. Similarly,
mong 91 grafts whose IFI were deemed as partial
nalysis (Fig. 2), 64 grafts received postoperative
ngiography, revealing 1 total occlusion.
CG washout. Compared with slow washout, fast
ashout of the ICG was associated with a higher
reoperative ejection fraction, use of internal mam-
ary artery grafts, and anterior anastomosis loca-

507 grafts (137 patients)

Image unobt
37 graft

Partially analyz
91 graf

Fully analyzable image
379 grafts (130 patients)

TTFM & QCA available
289 grafts (116 patients)

Figure 2. Study Design and Population

Intraoperative fluorescence imaging was initially attempted in a tot
137 patients undergoing off-pump coronary artery bypass graft sur
tion was unavailable in 37 grafts due to hemodynamic instability an
position of the grafts. Ninety-one grafts were classified as partially a
deemed the remaining 379 grafts fully analyzable. Fourteen patient
ative coronary angiography, resulting in 289 grafts from 116 patien
plete comparison with transit time flowmetry (TTFM) and quantitati
angiography (QCA).

Subgroup

p Value*
G With Sternotomy
(n � 468 Grafts)

MID-CABG
(n � 39 Grafts)

�0.01

25 54

38 28

26 18

11 0

�0.01

37 38

41 10

20 41

2 10

nary artery bypass graft.
ainable
s

able image
ts

al of 507 grafts in
gery. Image acquisi-
d/or anatomical
nalyzable, which
s declined postoper-
ts eligible for com-
ve coronary
CAB

coro

radial artery graft; SVG � saphenous vein graft.

http://jaccimage.cardiosource.com/vol2/issue5/0395_VID2-vol2iss5.mov
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Figure 3. Quality of Fluorescence Image

Quality of fluorescence image was classified in 3 categories: fully, partially, and not analyzable. With regard to anastomosis location, ante-
rior location was associated with a higher percentage of fully analyzable images. More than 80% of images were analyzable, irrespective
of graft type. In a portion of patients, IFI was not obtained due to patient condition and/or anatomical graft location. GEA � gastroepip-

loic artery graft; RA � radial artery graft; SVG � saphenous vein graft; other abbreviation as in Figure 1.
Revision(-)Revision(-)Revision(-)

Angiographic
patency

100% (6/6)

Angiographic
patency

97% (254/262)

Angiographic
patency

95% (20/21)

289 grafts

MGF>5 and PI<5
268 grafts

_
TTFM Unsatisfactory flow

21 grafts

Graft failure
6 grafts

Patent 
262 grafts

Graft failure
0 graft

Patent
21 graftsIFI

Figure 4. Graft Revision Following IFI

A total of 289 grafts were available for comparison among IFI, TTFM, and quantitative coronary angiography. Six grafts with acceptable
TTFM results (MGF �5 ml/min and PI �5) required revision, and graft patency was confirmed with post-operative angiography in all of
the 6 grafts. Conversely, 21 grafts with unsatisfactory TTFM results showed acceptable graft patency by IFI. Graft revision was considered
unnecessary in these 21 grafts, among which 20 grafts were patent by postoperative angiography. IFI � intraoperative fluorescence

imaging; MGF � mean graft flow (ml/min); PI � pulsatility index; other abbreviation as in Figure 2.
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ion. In comparison with quantitative coronary
ngiographic diameter stenosis at the anastomosis,
ean percent diameter stenosis was not signifi-

antly different between the fast and slow washout
roups. Mean graft flow measured by TTFM
howed considerable variation in graft flow (range 2
o 161 ml/min), with no significant difference
etween the 2 groups (Table 5).

I S C U S S I O N

he results of this study are: 1) the IFI system was
easible in off-pump CABG, including MID-

Figure 5. Case Example: IMA Occlusion Detected by IFI

(A) Intraoperative fluorescence imaging before revision. Transit time
considered acceptable. However, IFI showed occlusion of IMA betw
ative fluorescence imaging after revision. Although TTFM did not ch

Table 3. Findings of Graft Revision (n � 268 Grafts)

Case #
Age
(yrs) Sex

Number of
Diseased
Vessels

Ejection
Fraction

(%)

1 89 F 3 74

2 86 M 3 NA

3 73 M 3 69

4 63 M 2 49

5 62 M 3 NA

6 73 M 3 85

LAD � left anterior descending artery; LIMA � left internal mammary artery; P
of IMA between diagonal branch and LAD. Also see Online Video 3. Ab
ABG; 2) there was some discrepancy between IFI
nd TTFM, but the IFI system was mostly in
greement with post-operative angiography; 3) post-
perative angiography identified more graft failure
han IFI; and 4) semiquantitative analysis of the IFI
ystem may provide functional information on the
rafts. Although the safety and feasibility of the IFI
ystem has been previously shown (12), the present
tudy is the first to comprehensively compare the
esults of the IFI system with TTFM and post-
perative coronary angiography in patients under-
oing off-pump CABG.

wmetry showed mean flow 22 ml/min with PI of 2.3, which was
diagonal branch and LAD. Also see Online Video 2. (B) Intraoper-
e significantly (mean flow: 22 ml/min, PI: 2.4), IFI showed patency

ft
e

Distal
Anastomosis

TTFM Assessment
(MGF/PI) Before

Revision

A Diagonal branch
LAD (sequential)

Acceptable (12/2.6)
Acceptable (22/2.3)

Occluded
of LAD

PDA Acceptable (10/4.1) Slow flow

Diagonal branch
LAD (sequential)

Acceptable (23/2.6)
Acceptable (20/2.8)

Occluded
of LAD

A LAD Acceptable (51/1.7) Slow flow

A LAD Acceptable (27/2.9) Slow flow

A LAD Acceptable (29/2.2) Graft disse

posterior descending artery; other abbreviations as in Table 2.
flo
een
ang
Gra
Typ

IFI
Findings

LIM at distal anastomosis

GEA

RA at distal anastomosis

LIM

LIM

LIM ction
breviations as in Figures 1-4.

http://jaccimage.cardiosource.com/vol2/issue5/0395_VID2-vol2iss5.mov
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Recent advances in surgical techniques and
evices have made off-pump CABG a feasible
echnique. Primarily due to its relatively lower
eriprocedural complication rate, off-pump
ABG is becoming a preferred method in
igher-risk patient subsets, including the elderly,
nd patients with comorbidities such as renal
ysfunction (13–16). However, the benefit of
ff-pump CABG is partially counteracted by a

clusions (n � 379 Grafts in 130 Patients)

Number of
Diseased
Vessels

Ejection
Fraction

(%)
Graft
Type

Distal
Anastomosis

3 NA RIMA Distal RCA

2 NA LIMA LAD

3 NA RIMA-RA
(composite
graft)

PDA distal LCX
(sequential)

3 66 SVG PDA
PL (sequential)

3 NA GEA PDA

3 73 RA PDA

2 68 LIMA Diagonal
LAD (sequential)

2 76 RA Diagonal

3 61 LIMA LAD

ary artery; LAD � left anterior descending artery; LCX � left circumflex artery; M
x; PL � posterior lateral artery; RCA � right coronary artery, RIMA � right interna

Between Fast and Slow ICG Washout

Fast
Washout
(n � 185)

Slow
Washout
(n � 193)

p
Value

r ICG washout 12.7 � 1.8 20.5 � 4.6 �0.001

�0.001

52 31

39 34

9 30

0 5

tion �0.05

42 27

32 38

20 26

6 9

istal anastomosis 1.7 � 9.6 1.5 � 9.0 NS

65.5 � 14.3 58.4 � 16.6 �0.05

rade 2), % 18 19 NS

min 42.8 � 25.6 40.6 � 28.2 NS

2.9 � 2.3 3.1 � 2.1 NS

; NS � not significant; QCA � quantitative coronary angiography; other
A2 and 3.
lightly higher rate of early graft occlusion (1).
he cause of early graft failure is multifactorial;
owever, procedural factors including distal graft
nastomosis presumably play a central role in the
ajority of cases (17).
Several techniques are currently available for

ntraoperative graft patency assessment. Currently,
TFM, based on Doppler signals, is the most

ommonly used method. Although high MGF and
ow PI value in TTFM suggest acceptable graft
atency, low MGF and higher PI do not necessarily
epresent poor graft anastomosis (11). Other tech-
iques such as epicardial echocardiography and
hermal coronary angiography are under develop-
ent; however, their low resolution and poor ac-

essibility to lateral or posterior walls make these
echnologies fall slightly short of requirements for
linical use (18–20).

In the present study, 93% of the 507 grafts in 137
onsecutive off-pump patients were visualized by
he IFI system. In addition, complete analysis up to
he distal anastomosis was possible in 75% of grafts.
he rate of successful visualization was comparable,

egardless of graft type or location. Even in MID-
ABG patients, images provided by the IFI system
ere comparable to those of off-pump CABG with

ternotomy.
With its angiographic-like image, the IFI sys-

em provides direct visualization of intraoperative
raft patency, enabling on-site decision for po-
ential graft revision. In our study, 6 graft failures
hat required on-site graft revision were detected.

TTFM
Assessment
(MGF/PI)

Stenosis Type/
Location

Follow-Up
Treatment

data Complete occlusion/graft body Medication

data Complete occlusion/graft body Re-CABG

ceptable (9/3.4)
ceptable (15/2.8)

Complete occlusion/graft body Medication

data
data

Complete occlusion/distal
anastomosis (PDA: patent)

Medication

ceptable (52/1.5) Complete occlusion/graft body Medication

ceptable (8/3.8) Complete occlusion/proximal
anastomosis

PCI

satisfactory
(10/10.5)
ceptable (44/2.5)

Complete occlusion/graft body PCI

ceptable (14/2.8) Complete occlusion/graft body Medication

ceptable (47/3.2) Complete occlusion/graft body Re-CABG

mean graft flow (ml/min); NA � not applicable; PDA � posterior descending
mmary artery; TTFM � transit time flowmetry; other abbreviations as in Tables
Table 4. Subacute Oc

Case #
Age
(yrs) Sex

1 65 M No

2 72 M No

3 71 F Ac
Ac

4 77 M No
No

5 57 M Ac

6 77 M Ac

7 82 F Un

Ac

8 78 M Ac

9 53 M Ac

LIMA � left internal mamm GF �
artery; PI � pulsatility inde l ma
Table 5. Comparison

Heartbeats required fo

Graft type, %

IMA

RA

SVG

GEA

Distal anastomosis loca

Anterior

Lateral

Inferior

Posterior

Diameter stenosis at d
by QCA, %

Ejection fraction, %

Collateral (�Rentrop g

TTFM

Mean graft flow, ml/

Pulsatility index

ICG � indocyanine green
ll revised grafts were confirmed patent with
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ost-operative coronary angiography, which fur-
her validates the utility of IFI for intraoperative
raft failure detection. Furthermore, this study
emonstrated the potential of the IFI system to
ecrease unnecessary graft revision. In our series,
1 grafts showed acceptable patency with IFI, but
heir TTFM showed suboptimal flow results. A
ecent report demonstrated 3.8% of bypass grafts
howed acceptable IFI flow despite unsatisfactory
TFM measurements (11). In our study, post-
perative angiography in these grafts confirmed a
atency rate comparable to the entire study co-
ort, validating the important role of the IFI
ystem.

However, graft patency assessment using IFI
as not in perfect agreement with those of
ostoperative angiography. Nine grafts were
ound to be occluded at the time of postoperative
ngiography, but the IFI system revealed accept-
ble intraoperative graft patency. This raises the
ifficult question of whether graft failure in these
ases was mainly due to intraoperative issues.
ossible reasons for individual subacute graft
cclusion may include postoperative edema at the
nastomotic site, graft kinking due to long graft,
nd competitive coronary flow from native coro-
ary artery; however, the reason for subacute
cclusions was not completely apparent. In some
rafts, relatively small perfusion area was consid-
red to be one of the reasons for subacute
cclusion. Our study suggests that perioperative
actors should be recognized as another impor-
ant determinant of graft patency. This observa-
ion needs additional assessment; therefore, use
f the IFI system may help to identify factors for
urther improvement of graft patency during
ff-pump CABG.
The semiquantitative analysis of the contrast dye

ashout showed that more rapid elimination of
CG was associated with higher ejection fraction
nd anterior internal mammary artery grafts. Al-
hough angiography requires forced contrast me-
ium injection through the coronary arteries, the
FI system observes natural flow of both native
essels and grafts in off-pump CABG. The IFI

ashout analysis can potentially provide additional c
unctional information that is different from blush
core or frame counts by angiography. In this series,
here were virtually no cases of severe graft stenosis
xcept for several total occlusions. Thus, we are
nable to assess the possible relationship of graft
tenosis and ICG washout. Further analysis may be
ecessary to clarify the clinical implications of this
FI finding.
tudy limitations. There are several limitations in
his study. First, this is a pilot study from a
ingle-center experience, which potentially limits
he generalizability of findings. Second, this was
ot a randomized study and the decision to revise
he grafts was based on IFI results. Therefore, we
ere unable to calculate sensitivity and specificity
f the IFI system. Third, the results of the IFI
ystem were only semiquantitatively analyzed due
o lack of brightness standardization. Fourth, in
his case series, grafts were fully skeletonized for
etter visualization by the IFI system. Incomplete
keletonization or pedicled conduits may inter-
ere with image acquisition.

O N C L U S I O N S

he IFI system enables on-site assessment of graft
atency, providing both morphologic and functional
nformation in off-pump bypass patients. This unique
echnique may help identify procedure-related early
raft failures, permitting on-site revision, and thereby
ontributing to improved clinical outcomes for off-
ump CABG patients.
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