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ABSTRACT　
 
BACKGROUND　 The recently introduced ultrasonic flow ratio (UFR), is a novel fast computational method to derive fraction-
al flow reserve (FFR) from intravascular ultrasound (IVUS) images. In the present study, we evaluate the diagnostic performance
of UFR in patients with intermediate left main (LM) stenosis.
 
METHODS　This is a prospective, single center study enrolling consecutive patients with presence of intermediated LM lesions
(diameter stenosis of 30%-80% by visual estimation) underwent IVUS and FFR measurement. An independent core laboratory as-
sessed offline UFR and IVUS-derived minimal lumen area (MLA) in a blinded fashion.
 
RESULTS　 Both UFR and FFR were successfully achieved in 41 LM patients (mean age, 62.0 ± 9.9 years, 46.3% diabetes). An ac-
ceptable correlation between UFR and FFR was identified (r = 0.688, P < 0.0001),  with an absolute numerical  difference of  0.03
(standard difference: 0.01). The area under the curve (AUC) in diagnosis of physiologically significant coronary stenosis for UFR
was 0.94 (95% CI: 0.87–1.01), which was significantly higher than angiographic identified stenosis > 50% (AUC = 0.66, P < 0.001)
and numerically higher than IVUS-derived MLA (AUC = 0.82; P = 0.09).  Patient  level  diagnostic  accuracy,  sensitivity and spe-
cificity for  UFR to identify FFR ≤ 0.80 was 82.9% (95% CI:  70.2–95.7),  93.1% (95% CI:  82.2–100.0),  58.3% (95% CI:  26.3–90.4), re-
spectively.
 
CONCLUSION　 In patients with intermediate LM diseases, UFR was proved to be associated with acceptable correlation and
high  accuracy  with  pressure  wire-based  FFR  as  standard  reference.  The  present  study  supports  the  use  of  UFR  for  functional
evaluation of intermediate LM stenosis.

 

A dequately management of left main (LM)
coronary artery stenosis is crucial given
its higher perfusion responsibility for

the left ventricular.[1] Previous studies have proved
that revascularization by coronary artery bypass gra-
fting (CABG) or percutaneous coronary interven-
tion (PCI) for significant LM stenosis offers surviv-
al advantages over medical therapy,[2,3] while there

is still controversial for the optimal treatment stra-
tegy of the mild or moderate LM stenosis. In clinic-
al practice, revascularization treatment for interme-
diate LM lesions usually be chosen for the fear of
undertreatment especially when the patients re-
ceived surgical procedure. However, it is conceivable
that an unnecessary stent implantation or an early
operation usually with hardly benefit or even cause
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harmful prognosis to the patients.[4–6] Thus, to over-
come this distinct clinical challenge, accurately eval-
uation of those LM stenosis is critical.

Although invasive coronary angiography has been
considered as gold standard to assess lesion sever-
ity, it sometimes is believed lack of reliability espe-
cially when the LM diseases is involved.[7,8] In order
to promote precise therapeutic strategies, physiolo-
gical assessment or intravascular imaging assess-
ment provided alternative modality for the evalu-
ation of the intermediate LM coronary stenoses.[9–12]

But all those lesion evaluation methods require spe-
cial instruments, which makes it less realistic to per-
form both physiological and intravascular imaging
assessment for the same patient in clinical practice
from the safety concern or an economic viewpoint.
The recently introduced intravascular ultrasound
(IVUS)-based fractional flow reserve (FFR), denoted
as ultrasonic flow ratio (UFR), is a novel fast computa-
tional method to derive FFR from IVUS images.[13,14]

Previous study has proved high correlation and agr-
eement between UFR and FFR in identifying func-
tional significant coronary stenosis.[13] While the diagn-
ostic performance of UFR in identifying functional
significant intermediate LM stenosis, particular le-
sion subset with two downstream vessels, with FFR as
a gold standard haven’t been evaluated to date. The goal
of the present study is to determining diagnostic ac-
curacy of UFR in patients with intermediate LM ste-
nosis. 

METHODS
 

Study Design and Population

This is a prospective, single center study designed
to evaluate the diagnostic performance of UFR in
identifying hemodynamically significant LM sten-
osis as compared with IVUS-derived minimal lumen
area (MLA) with pressure wire-based FFR as the stand-
ard reference. Patients were eligible if they were ≥
18 years old presented with intermediated LM lesions
(diameter stenosis of 30%-80% by visual estimation);
no restriction was placed on total diseased lesion
number. Patients with stenotic lesions located in left
anterior descending (LAD) or the left circumflex (LCx)
coronary artery should undergo complete revascu-
larization before FFR or IVUS assessment. Distal sten-

otic lesions were evaluated using visual estimation,
only with no stenotic lesion or receiving successful
treatment with no residual restenosis in downstream
vessels, the patients would be included in the pre-
sent study. Exclusion criteria were known intoler-
ance to contrast agent or adenosine, in-stent restenotic
LM lesion, severe heart failure, a serum creatinine
level > 150 mmol/L, or a glomerular filtration rate <
45 mL/kg per 1.73 m2; or other reasons that result
in ineligibility for FFR, IVUS or UFR examination.

The study was designed by principal investigat-
ors, performed in compliance with the Declaration
of Helsinki and approved by the ethics committee at
Fuwai hospital. All eligible patients provided written
informed consent. 

Coronary Angiography and PCI Procedure

Standard angiogram acquisition was performed
for LM and other vessels. Typically, nitroglycerin
injection was recommended to eliminate arterial spa-
sm; inject contrast till the distal downstream vessels
are filled; and two angiographic images with at least 25º
angles separation are recommended to fully dis-
play LM stenosis. LM lesion stenosis were visually
estimated by each operator. Imaging or guiding
catheter choosing were left to operator’s discretion.

Once there were significant lesions located down-
stream LM vessels (LAD or LCx), a PCI procedure
with either balloon angioplasty or stent implanta-
tion would be performed according to standard pra-
ctice. Only with no stenotic lesion or receiving suc-
cessful treatment with no residual restenosis in LAD
or LCx vessels, the patients would be included in
the present study. After IVUS and FFR evaluation,
the results would be reported to the operator separ-
ately, and the decision whether performed further
treatment for those intermediate LM lesions were
based on FFR results according to recent guideline. 

IVUS Measurement

IVUS was performed when no stenotic lesion loc-
ated in downstream vessels was confirmed using
commercially available IVUS system (OptiCross,
Boston Scientific, Boston, MA). The imaging run
was performed using automatic pullback at a speed
of 0.5 mm/s and recorded starting at the point distal
to the LAD or LCx artery till aorta ostium. The choice
of LAD or LCx artery was based on LM lesion ex-
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tension. Usually, distal IVUS examination started
from the downstream vessel with plaque extended;
or recorded twice from both side branch artery once
the narrowing lesions involved ostial of both LAD
and LCx. To make the evaluated segment consist-
ent between UFR and FFR, the distal point was sett-
led accordingly to the intended distal location of FFR
pressure wire.

After procedure, IVUS imaging were collected
and send to the independent imaging core laborat-
ory (Shanghai Jiao Tong University-Pulse Medical
Imaging Technology Joint Laboratory) for offline
UFR and quantitative IVUS measurement (MLA,
plaque burden, etc.) blinded to FFR results. 

FFR Measurement

FFR measurement was performed by operators in
catheterization laboratory using RadiAnalyzer Xpr-
ess instrument and Certus pressure wire (St. Jude
Medical, St. Paul, Minnesota). For all cases, pres-
sure guidewire was introduced into the downstream
coronary artery (LAD or LCx). Maximal hyperemia
was induced by intravenous administration of ad-
enosine-5’-triphosphate (ATP) at ≥ 160 mg/L per
minute via the antecubital vein. The pressure re-
cording was started for at least 10 s of stable value with
hyperemia, and the pressure sensor was pulled
back to the catheter tip to exclude pressure drift. 

UFR Computation

The UFR analyses were performed by independ-
ent analysts blinded to FFR results using IvusPlus
system (Pulse Medical Imaging Technology, Shang-
hai, China). The detailed methods for UFR calcula-
tion were described previously.[13] In brief, after
analysts delineated the IVUS images to be analyzed,
the UFR pullback could be obtained by the system
automatically. During the calculation process, man-
ual correction was allowed if border of lumen con-
tours, external elastic lamina (EEL) and reconstruc-
ted side branches areas were recognized uncorrec-
ted. If the plaque extended to both LAD and LCx art-
ery, two sequence of IVUS images from distal LAD
to LM and distal LCx to LM would be transmitted
for UFR computation separately. 

Endpoints

The primary endpoint was receiver-operating

curves (ROC) of offline UFR to identify hemody-
namically significant LM intermediate stenosis with
FFR as reference. Secondary endpoints including
diagnostic accuracy, sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (+LR), and negat-
ive likelihood ratio (–LR) for offline UFR, IVUS qua-
ntitative measurement (MLA) in identifying hemo-
dynamically significant LM intermediate stenosis
with FFR as the reference standard. 

Statistical Analysis

The primary and secondary endpoints were ana-
lyzed based on patients with both UFR and FFR as-
sessed. The data were analyzed based on patient
level, the downstream vessel with lower FFR or
UFR value was chose for final analysis, once the LM
plaque involved both LAD and LCx resulting 2 pull-
backs (distal LAD to LM and distal LCx to LM) for
UFR and FFR.

Categorical variables are reported as percentage
(counts) and continuous data are presented as mean
± SD. The two-sided 95% CIs of diagnostic accur-
acy of offline UFR and MLA, with the FFR as the
reference standard, were estimated at patient levels
by using the Clopper-Pearson exact method. Using FFR
as the reference standard, the related P value and
two-sided 95% CIs of the difference on accuracy, sensi-
tivity, specificity, NPV, and PPV between UFR and
MLA were estimated. The ROC of UFR and MLA were
estimated by using a logistic regression model. Cor-
relation between UFR and FFR was determined by
Pearson’s correlation coefficient (r). To compare the
diagnostic performance of UFR and MLA, a cutoff
value of ≤ 0.80 was used for both FFR and UFR to
define the physiological significance of coronary
stenosis. Cutoff values of both 4.5 mm² and 6.0 mm²
were chosen for MLA based on previous studies to
predict functionally significant stenosis. All statist-
ical analyses were performed with a test signific-
ance level of 0.05 using SAS version 9.4 (SAS Insti-
tute, Inc.). 

RESULTS
 

Baseline Characteristics

Between March 2022 and November 2022, a total
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of 46 patients with intermediate LM lesions were
screened. Finally, a total of 41 patients were enrolled
(Figure 1). As shown in Table 1, the mean age of the
patients was 62.0 ± 9.9 years, 85.4% were men,

46.3% with diabetes, and 58.5% patients presented
with unstable angina. In 12 (29.3%) patients, LM le-
sion located in ostium; and LM bifurcation lesions
occurred in 18 (43.9%) patients. Mean reference ves-

 

Figure  1      Study  flow  chart. CABG:  coronary  artery  bypass  grafting;  FFR:  fractional  flow  reserve;  IVUS:  intravascular  ultrasound;
LAD: left anterior descending; LCx: left circumflex; LM: left main; UFR: ultrasound flow ratio.
 

Table 1    Baseline patient demographics.

Age, yrs 62.0 ± 9.9

Male 35 (85.4%)

Body mass index, kg/m2 25.7 ± 3.5

Diabetes mellitus 19 (46.3%)

Hypertension 27 (65.9%)

Hyperlipidemia 41 (100%)

Current smoker 24 (58.5%)

Family history of coronary artery disease 13 (31.7%)

Previous myocardial infarction 2 (4.9%)

Previous percutaneous coronary intervention 13 (31.7%)

Previous coronary artery bypass graft 1 (2.4%)

Clinical presentation

　Stable angina 16 (39.0%)

　Unstable angina 24 (58.5%)

　Acute myocardial infarction within 1 month 1 (2.4%)

　Left ventricular ejection fraction, % 65.3 ± 5.2

Angiographic finding

　Isolated LM diseases 4 (9.8%)

　LM plus one vessel disease 18 (43.9%)

　LM plus two vessels disease 16 (39.0%)

　LM plus three vessels disease 3 (7.3%)

Data are mean ± SD or n (%), patients = 41. Both continuous and categorical data are available for all patients. LAD: left anterior
descending; LCx: left circumflex; LM: left main.
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sel diameter of LM lesion was 4.64 mm, average
diameter stenosis was 66.2% (Table 2).

IVUS were successfully achieved in all 41 patients
with 61 pullbacks (41 from distal LAD to LM and 20
from distal LCx to LM). Off-line UFR assessment
based on IVUS imaging were successfully assessed
in all 61 pullbacks. FFR measurement were suc-
cussed in all patients with 40 pullbacks from distal
LAD to LM, and 23 pullbacks from distal LCx to LM.
The mean FFR value was 0.70, and 29 (70.7%) pa-
tients were identified with functional ischemia. Ac-

cording to IVUS assessment, mean MLA was 5.23
mm2, among them 16 (39.0%) patients with MLA ≤
4.5 mm2 and 29 (70.7%) patients MLA ≤ 6.0 mm2. 

Correlation and Agreement Between UFR and FFR

As shown in Figure 2, an acceptable correlation
between UFR and FFR was identified in 41 patients
(r = 0.688, P < 0.0001). The absolute numerical dif-
ference between UFR and FFR was 0.03 (standard
difference: 0.01), with an acceptable agreement bet-
ween UFR and FFR (P = 0.02). 

 

Table 2    Angiographic characteristics.

Left man lesion location

　Ostial LM lesion 12 (29.3%)

　Mid-shaft LM lesion 11 (26.8%)

　Distal bifurcation lesion 18 (43.9%)

　Reference vessel diameter, mm 4.64 ± 0.61

　Diameter stenosis, % 66.2 ± 16.6

　Minimal lumen diameter, mm 2.23 ± 0.53

　Lesion length, mm 10.4 ± 4.48

IVUS analysis

　MLA 5.23 ± 2.16

　MLA ≤ 4.5mm2 16 (39.0%)

　MLA ≤ 6.0mm2 29 (70.7%)

　Plaque burden, % 70.4 ± 10.1

UFR analysis

　UFR 0.73 ± 0.10

　UFR ≤ 0.80 32 (78.0%)

FFR analysis

　FFR 0.70 ± 0.12

　FFR ≤ 0.80 29 (70.7%)

Data are mean ± SD or n (%), patients = 41. FFR: fractional flow reserve; IVUS: intravascular ultrasound; LAD: left artery disease; LCx:
left circumflex; LM: left main; MLA: minimal lumen area; UFR: ultrasound flow ratio.

 

Figure 2    Correlation and agreement between FFR and UFR. FFR: fractional flow reserve; UFR: ultrasound flow ratio.
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Diagnostic performance of UFR and MLA

As shown in Figure 3, the area under the curve (AUC)
in diagnosis of physiologically significant coronary
stenosis for UFR was 0.94 (95% CI: 0.87–1.01), which
was significantly higher than angiographic identi-
fied lesion diameter stenosis (AUC = 0.66, P < 0.001)
and numerically higher than IVUS-derived MLA
(AUC = 0.82; P = 0.09). According to the receiver char-
acteristic curve, best cutoff value of MLA for identi-
fying functionally significantly LM stenosis was
6.10 mm2 in the present cohort.

Per-patient level diagnostic accuracy of UFR was
82.9% (95% CI: 70.2–95.7), which was significantly

higher than MLA when using 4.5 mm2 as the treat-
ment cutoff value (accuracy: 58.5 [95% CI: 42.2–74.8];
difference: 24.4 [95% CI: 5.7–43.1], P = 0.01). But was
similar when using 6.0 mm2 as the cutoff value (ac-
curacy: 80.5 [95% CI: 67.1–93.8]; difference: 2.4 [–14.4 to
19.3], P = 0.78).

Diagnostic sensitivity was significantly higher with
UFR as compared with MLA with 4.5 mm2 as cutoff
value (93.1% vs. 48.3%; difference: 44.8 [95% CI: 24.2–
65.4], P < 0.0001), but was similar when using 6.0
mm2 as the cutoff value (93.1 vs. 86.2; difference: 6.9
[95% CI: –10.2 to 24.0], P = 0.43). Specificity, posit-
ive predictive value, negative predictive value, pos-
itive likelihood ratio, and negative likelihood ratio
for UFR to identify FFR ≤ 0.80 was 58.3% (95% CI:
26.3–90.4), 84.4% (95% CI: 70.2–98.5), 77.8% (95% CI:
45.1–100.0), 2.23 (95% CI: 1.14–4.40), 0.12 (95% CI:
0.03–0.49), respectively (Table 3). 

FFR/UFR/IVUS Concordance

Figure 4 shows the four groups according to con-
cordant and discordant FFR and UFR measurements,
as well as the agreement with IVUS MLA signific-
ance (cutoff of ≥ 4.5 mm2 or cutoff of ≥ 6.0 mm2). When
using cutoff of 4.5 mm2, in MLA ≤ 4.5 mm2 group (n
= 16, 39.0%), 14 patients (87.5%) had FFR ≤ 0.80, and
16 (100%) patients had UFR ≤ 0.80; while in MLA >
4.5 mm2 group (n = 25, 61.0%), 10 patients (40.0%)
had FFR > 0.80, and 9 (36.0%) patients had UFR >
0.80. When MLA was ≤ 6 mm2 (n = 29, 70.7%), 25 pati-
ents (86.2%) had FFR ≤ 0.80, and 26 patients (89.7%)
had UFR ≤ 0.80; while, when MLA was > 6 mm2 (n
= 12, 29.3%), 8 patients (66.7%) had FFR > 0.80, and
6 patients (50%) had UFR > 0.80. 

 

Figure 3    Comparison of receiver-operating curves for the dis-
crimination of  functionally  significant  stenosis. FFR was  used
as  the  reference  standard.  An  FFR  ≤  0.80  as  diagnostic  of  isch-
emia. AUC: area under the receiver-operating characteristic cur-
ve; CI: confidence interval; DS: diameter stenosis; FFR: fractional
flow  reserve;  MLA:  minimal  lumen  area;  UFR:  ultrasound  flow
ratio.
 

Table 3    Diagnostic performance of UFR- and IVUS-derived MLA to identify FFR ≤ 0.80.

UFR ≤ 0.80 MLA ≤ 4.5 mm2 MLA ≤ 6.0 mm2

Estimate
(95% CI)

Estimate
(95% CI)

Difference
(95% CI)* P-value Estimate

(95% CI)
Difference
(95% CI)* P-value

Accuracy (%), n = 41 82.9 (70.2–95.7) 58.5 (42.2–74.8) 24.4 (5.7–43.1) 0.01 80.5 (67.1–93.8) 2.4 (–14.4 to 19.3) 0.78

Sensitivity (%), n = 29 93.1 (82.2–100.0) 48.3 (28.4–68.2) 44.8 (24.2–65.4) < 0.0001 86.2 (71.9–100.0) 6.9 (–10.2 to 24.0) 0.43

Specificity (%), n = 12 58.3 (26.3–90.4) 83.3 (58.1–100.0) –25.0 (–58.4 to 8.4) 0.14 66.7 (35.8–97.5) –8.3 (–43.7 to 27.1) 0.64

PPV (%) 84.4 (70.2–98.5)
n = 32

87.5 (68.2–100.0)
n = 16 –3.1 (–28.3 to 22.1) 0.88 82.8 (67.3–98.2)

n = 29 –1.8 (–22.9 to 19.2) 0.87

NPV (%) 77.8 (45.1–100.0)
n = 9

40.0 (21.1–61.3)
n = 25 37.8 (–3.0 to 78.6) 0.08 66.7 (34.9–90.1)

n = 12 11.1 (–36.7 to 58.9) 0.94

+LR, n = 41 2.23 (1.14–4.40) 2.90 (0.77–10.8) - - 2.59 (1.15–5.83) / /

- LR, n = 41 0.12 (0.03–0.49) 0.62 (0.40–0.96) - - 0.21 (0.08–0.56) / /

+LR: positive likelihood ratio; −LR: negative likelihood ratio; MLA: minimal lumen area; NPV: negative predictive value; PPV: positive
predictive value; UFR: ultrasound flow ratio.
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DISCUSSION

The present prospective, single center study en-
rolling consecutive patients with intermediate LM
coronary stenosis demonstrated that: (1) UFR was
associated with acceptable correlation and good
agreement with pressure wire-based FFR as standard
reference. (2) Using the conventional cutoff value of
0.80, UFR demonstrated a higher accuracy as com-
pared with traditional IVUS-derived MLA when us-
ing 4.5 mm2 as the cutoff value of in identifying hemo-
dynamically significant LM stenosis with FFR as a
standard reference; but showed similar accuracy and
sensitivity when using 6.0 mm2 as the cutoff value for
MLA. 

Assessment of Intermediate LM Stenosis

It has been proved that coronary angiography has
several shortcomings in terms of interpretation of
LMCA stenosis from a clinical standpoint, not only
the challenge of precisely estimating of stenosis sev-
erity, but also the difficulty of identifying true extent
of plaque burden.[15,16] Recent guidelines introduced
intravascular imaging as well as physiological as-
sessment, which have distinct strengths in guiding
LM PCI.[17] Although in the fundamental trials DEFER[18]

and FAME (Fractional Flow Reserve versus Angiogra-

phy for Multivessel Evaluation),[19] LM coronary art-
ery disease was excluded, the well-established “gold-
standard” approach FFR has nevertheless been used
for decision-making process regarding intermedi-
ate LM coronary artery stenosis. With FFR guidance,
a better prognosis in LM patients has been demon-
strated in several studies.[20,21] Meantime, IVUS has
been widely used in the assessment of intermediate
LM lesions for detailed anatomical information re-
garding the lumen, vessel, and plaque. The LITRO
study (Prospective Use of an Intravascular Ultrasou-
nd-Derived Minimum Lumen Area Cut-Off Value
in the Assessment of Intermediate Left Main Coron-
ary Artery Lesions) showed that LM stenosis could
be safely deferred with the guidance of IVUS.[22] It
would be better if the physicians could get both
IVUS and FFR information. However, it is hardly
performed in clinical practice and also uneconomic-
al for the patients.[23] According to a recent system-
atic review, deferring LM intermediate stenosis on
the basis of FFR or IVUS showed an acceptable and
similar risk of events in a mid-term follow-up.[24]

The recently developed UFR has the advantage of
assessing detailed morphological measurement as
well as functional ischemia information at the same
time. As demonstrated before, compared with an-
giography-based FFR, the UFR calculating hyper-

 

Figure 4      Proportion of  patients  with or  without  functionally  significant  LM stenosis  identified by FFR or  UFR as  stratified by
IVUS-derived MLA. FFR+ denoted FFR ≤ 0.80;  FFR- denoted FFR > 0.80;  UFR+ denoted FFR ≤ 0.80;  UFR-denoted FFR > 0.80.  FFR:
fractional flow reserve; MLA: minimal lumen area; UFR: ultrasound flow ratio.
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emic flow relies on the reference lumen. By quanti-
fying side branch ostia and delineation of the EEL cont-
our from IVUS images, UFR reconstruct the refer-
ence lumen and thereafter the flow estimation.[13]

Thus, UFR is more suitable for patients with com-
plex coronary anatomy, LM or complex bifurcation
stenosis, with vessel overlapping or significant fore-
shortening that angiography-based FFR might be
difficult to obtain. 

Concordance Among FFR, UFR and IVUS

It has been demonstrated that lesion located in LM
was a predictor of worse concordance between FFR
and instantaneous wave-free ratio.[25] In the present
study, correlation between FFR and UFR was accep-
table (r = 0.67, with area under the curve by receiver
operating characteristic of 0.94). Compared with
regulator population (r = 0.87),[13] the correlation bet-
ween FFR and UFR among intermediate LM popu-
lation was slightly lower. We observed a similar con-
cordance between FFR and UFR in both lower MLA
and higher MLA group with the cutoff value of 4.5
mm2 or 6.0 mm2.

In our study, the cutoff value for MLA with 6.0 mm2

showed better diagnostic performance as compared
with the 4.5 mm2, which was similar with previously
findings. The LITRO study showed LM stenosis
with MLA large than 6.0 mm2 is safely to be deferr-
ed.[22] El Hajj, et al.[26] described a good correlation
between an 0.89 instantaneous wave-free ratio cu-
toff and 6.0 mm2 IVUS. Rodriguez-Leor, et al.[25] also
found that an MLA cutoff of 6.0 mm2 best predicted
an FFR > 0.80 and an iFR > 0.89. However, according
to Park, et al,[27] a cutoff of 4.5 mm2 for MLA was more
suitable for Asiatic population. The present data
showed that only 46% patients with FFR+ had MLA
≤ 4.5 mm2, while over 83% patients with FFR- had
MLA > 4.5 mm2. Meantime, around 85% patients
with FFR+ had MLA ≤ 6.0 mm2; while over 30% of pa-
tients with FFR- had MLA > 6.0 mm2. The results sho-
wed higher specificity but lower sensitivity when
using cutoff value of 4.5 mm2, while higher sensitiv-
ity but lower specificity when using cutoff value of
6.0 mm2. Thus, the optimal cutoff value of MLA used
for strategy recommendation still need further study. 

Safely Defer Treatment of Intermediate LM Le-
sion

When considering the possible serious adverse

event caused by plaque rupture or erosion with thr-
ombosis in LM location, physicians tend to believe
“better safe than sorry”, setting a low threshold to
perform invasive revascularization for intermedi-
ate LM stenoses.[28] In order to adequately manage
those lesions, from guidelines to expert consensus,
functional assessment was highly recommended.
Although several types of wire derived pressure ra-
tios were introduced, the utilization of pressure wire-
based physiological assessment is limited in clinical
practice. Not only for the risk of potential complications
and higher costs, but the limited for the information
of the plaque. Under this circumstance, UFR showed
the advantage of providing both functional inform-
ation and plaque details at the same time. On the other
hand, UFR also showed advantages comparing with
angiography-derived FFR in evaluating LM lesion
due to notoriously inaccurate for estimating LM sten-
osis severity by angiography. According to the present
study, UFR was proved to be a reliable tool to for
functional evaluation of intermediate LM stenosis. 

Study Limitations

The present study has several limitations. First,
the present study is designed prospectively but with-
out powered statistically assumption, therefore our
findings did not allow for a conclusive interpreta-
tion and should be regarded as hypothesis-generat-
ing. Second, the analyzed population were relat-
ively small and underpowered for primary end-
point. The small sample size results in a wider con-
fidence interval for the area under the receiver-op-
erating curves, diagnostic accuracy, sensitivity, and
specificity. Third, most patients were identified
with functional significant LM lesions (over 70%),
which was slightly higher than previous report of
intermediate LM population. Fourth, the estimated
of intermediated LM stenosis was considered by the
operator only. Nevertheless, the study presents pa-
tients in routine clinical practice. Fifth, the optimal
cutoffs for MLA used in the present study were based
on previous studies. Different thresholds for MLA,
might results in different area under the curve and
different comparison versus UFR. Finally, the pres-
ent study didn’t evaluate clinical outcome by using
a UFR-guided strategy. Future large-scale studies
and randomized trials are warrant to demonstrate
the diagnostic performance as well as prognostic
value of the UFR in LM population. 
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Conclusions

In conclusion, UFR showed higher accuracy and
good agreement with FFR as standard reference.
The novel computational functional tool with both
plaque details and physiology information was giv-
en great expectations to applied in the catheteriza-
tion laboratory especially for complex coronary le-
sion including LM diseases. 
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