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OBJECTIVES The aim of this study was to investigate the potential role of post–percutaneous coronary intervention

(PCI) quantitative flow ratio (QFR) measurements to predict clinical outcomes in patients with successful PCI.

BACKGROUND The prognostic value of QFR measured immediately after PCI has not been prospectively investigated.

METHODS Patients undergoing complete revascularization with successful PCI and stent implantation were eligible for

acquisition of projections for QFR computation. At the end of the procedure, 2 angiographic projections for each vessel

treated with PCI were acquired. Computation of QFR was performed offline by an independent core laboratory. The

primary outcome was the vessel-oriented composite endpoint, defined as vessel-related cardiovascular death,

vessel-related myocardial infarction, and ischemia-driven target vessel revascularization.

RESULTS Seven hundred fifty-one vessels in 602 patients were analyzed. The median value of post-PCI QFR was 0.97

(interquartile range: 0.92 to 0.99). Lesion location in the left anterior descending coronary artery, baseline SYNTAX

(Synergy Between PCI With Taxus and Cardiac Surgery) score, lesion length, and post-PCI diameter stenosis were found

to be predictors of lower post-PCI QFR. Altogether, 77 events were detected in 53 treated vessels (7%). Post-PCI QFR

was significantly lower in vessels with the vessel-oriented composite endpoint during follow-up, compared with those

without it (0.88 [interquartile range: 0.81 to 0.99] vs. 0.97 [interquartile range: 0.93 to 0.99], respectively; p < 0.001).

Receiver-operating characteristic curve analysis identified a post-PCI QFR best cutoff of #0.89 (area under the curve

0.77; 95% confidence interval: 0.74 to 0.80; p < 0.001). After correction for potential confounding factors, post-PCI

QFR #0.89 was associated with a 3-fold increase in risk for the vessel-oriented composite endpoint (hazard ratio: 2.91;

95% confidence interval: 1.63 to 5.19; p < 0.001).

CONCLUSIONS Lower values of QFR after complete and successful revascularization predict subsequent adverse

events (Angio-Based Fractional Flow Reserve to Predict Adverse Events After Stent Implantation [HAWKEYE];

NCT02811796) (J Am Coll Cardiol Intv 2019;12:2079–88) © 2019 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

CI = confidence interval

FFR = fractional flow reserve

IQR = interquartile range

IVUS = intravascular

ultrasonography

MI = myocardial infarction

OCT = optical coherence

tomography

PCI = percutaneous coronary

intervention

%DS = percentage diameter

stenosis

QFR = quantitative flow ratio

TVR = target vessel

revascularization

VOCE = vessel-oriented

composite endpoint
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T hanks to the continuous refinement
of techniques and materials,
throughout recent decades the prog-

nosis of patients undergoing percutaneous
coronary intervention (PCI) has improved
(1–3). However, a significant proportion of
PCI patients continue to experience adverse
events related to both stented segment
and/or residual or diffuse disease (4). In daily
practice, the adequacy of the PCI result is
based on angiographic appearance only.
Post-PCI fractional flow reserve (FFR) mea-
surement could discriminate vessels with
suboptimal results at higher risk for recur-
rence (5,6). FFR-guided optimization of PCI
has been associated with a reduction of
target vessel events (7). Nevertheless, this
prognostic advantage remains theoretical
because of the low penetration of post-PCI
FFR measurement and the absence of randomized
data (7,8). A recent nationwide survey showed that
FFR measurement was performed in <10% of cases
in which intracoronary physiology was used to guide
revascularization (8). The quantitative flow ratio
(QFR) is an angiographically derived FFR measure-
ment recently developed as an alternative to invasive
physiology (9–12). QFR measurement does not require
pressure-wire use or hyperemia induction (13). QFR
application in the post-PCI setting is not related to
its use before PCI and can be used in both angiog-
raphy- and physiology-guided procedures. In addi-
tion, like the FFR pull back curve, QFR permits the
investigation of the entire vessel, which could be
helpful to discriminate if issues are related or not to
the stented segment. The theoretical advantage of
QFR could be a wider implementation in clinical prac-
tice if compared with other PCI optimization tools.

Thus, the aim of the present study was to test
whether QFR post-stenting is related to adverse
events in follow-up in consecutive PCI patients un-
dergoing complete revascularization and successful
implantation of second-generation drug-eluting
stents.
SEE PAGE 2089
METHODS

STUDY DESIGN. The multicenter, investigator-
driven, prospective HAWKEYE (Angio-based Frac-
tional Flow Reserve to Predict Adverse Events After
Stent Implantation) study investigated the ability to
discriminate adverse events of QFR measured after
successful PCI. The study was conducted at 7 centers
in 2 countries (Italy and Spain). The study was
conducted in accordance with the ethical principles
of the Declaration of Helsinki. Patients were informed
that their participation was voluntary, and all gave
informed written consent. This study was registered
at ClinicalTrials.gov (NCT02811796) and approved
by the ethical review boards at the partici-
pating hospitals.

PATIENTS. Patients $18 years of age who underwent
PCI were eligible for the acquisition of projections for
QFR computation if: 1) PCI was successful; 2)
complete revascularization was achieved; and 3)
second-generation drug-eluting stents were implan-
ted. Successful PCI was defined as residual
stenosis <20% by visual estimation and final TIMI
(Thrombolysis In Myocardial Infarction) flow
grade 3. Complete revascularization was defined as
the treatment of all lesions showing diameter
stenosis $50% (visual estimation) in major epicardial
coronary arteries or their side branches with
diameter $1.5 mm. The indication for PCI was left to
the operator’s discretion and was based on clinical
and angiographic data. The operator was free to use
invasive physiologic assessment to discriminate le-
sions requiring PCI. Exclusion criteria were: 1)
ST-segment elevation myocardial infarction (MI); 2)
clinical or angiographic features limiting QFR
computation (left main or ostial right coronary ar-
tery, previous coronary artery bypass graft, atrial
fibrillation, ongoing ventricular arrhythmias, or sig-
nificant and persistent tachycardia); 3) inability to
provide consent; and 4) life expectancy <1 year.

STUDY PROCEDURE. Invasive coronary angiography
and PCI were performed following best local prac-
tices. Post-dilatation with a noncompliant balloon
was strongly suggested. At the end of the procedure,
2 angiographic projections for each vessel treated
with PCI were acquired for QFR computation.
Angiographic projections were acquired after nitro-
glycerin (100 to 200 mg) administration at 15 frames/s
during a single injection of 6 ml radiographic contrast
medium at a flow rate of 4 ml/s and a pressure of 300
psi using a power injector system. Angiographic pro-
jections should be at least 25� apart, aiming for min-
imal vessel foreshortening and minimal vessel
overlap. In agreement with previous studies, opera-
tors followed a table of recommended projection an-
gles (Online Figure 1).

QFR. Computation of QFR was performed offline,
using the software package QAngio XA 3D (Medis
Medical Imaging Systems, Leiden, the Netherlands)
(9–13). QFR computation was performed in agreement
with the step-by-step procedure validated in previous

https://clinicaltrials.gov/ct2/show/NCT02811796
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studies (9–13). In the present analysis, we considered
contrast QFR values (12). QFR was calculated in the
entire vessel, starting from the most proximal avail-
able segment until its diameter became <1.5 mm (12).
In the second phase, the QFR curves of vessels with
suboptimal result (QFR #0.89) were reanalyzed (post
hoc analysis). In each curve, the localization of QFR
drop was classified as: 1) in stent; 2) focal outside
stent; 3) diffuse; or 4) a combination of these three
locations. Some cases of optimal and suboptimal
QFR values are reported in the Online Appendix
(Online Figures 2 and 3). QFR computations were
done in the core laboratory of the University Hospital
of Ferrara. Two independent operators, blinded to
outcomes, performed QFR computations. Both are
certified operators for QFR computation. The inter-
rater agreement between operators was very high in
all cases (k > 0.95). The median time to calculate QFR
was 3.5 min (interquartile range [IQR]: 2 to 5.5 min).

QUANTITATIVE CORONARY ANGIOGRAPHY AND

SYNTAX SCORE CALCULATION. Quantitative coro-
nary analysis and SYNTAX (Synergy Between PCI
With Taxus and Cardiac Surgery) score calculation
were done in the core laboratory of the University
Hospital of Ferrara by operators blinded to outcomes.
Quantitative coronary analysis was performed using
validated software (CAAS II, Pie Medical Imaging,
Maastricht, the Netherlands). The following quanti-
tative coronary angiographic values were measured
before and after PCI: reference vessel size, lesion
length, and percentage diameter stenosis (%DS) (14).
The aforementioned values were measured at the
level of the stented segment (14). The SYNTAX score
was calculated from baseline coronary angiography,
before PCI. For each patient, by scoring all
coronary lesions with stenosis diameter $50% in
vessels $1.5 mm, the baseline score value was calcu-
lated using the SYNTAX score algorithm avail-
able online.

DATA COLLECTION AND FOLLOW-UP. Patient de-
mographic data, cardiovascular risk factors, clinical
diagnoses, and procedural details were recorded at
the time of PCI. Source data were collected online
using dedicated electronic case report forms. Study
angiograms were anonymized and submitted to core
laboratory of the University Hospital of Ferrara.
Clinical follow-up was performed at 30 days and then
every 6 months. Follow-up was censored at the end of
November 2018 or at the time of death. One-year
follow-up was complete in all patients. Of note, 476
patients (79%) had longer follow-up. The median
follow-up duration was 629 days (IQR: 584
to 746 days).
ENDPOINTS. In the present study we investigated
the relationship between post-PCI QFR and clinical
outcomes at the vessel level (5). The primary
endpoint was the vessel-oriented composite endpoint
(VOCE), defined as the composite of vessel-related
cardiovascular death, vessel-related MI, and
ischemia-driven target vessel revascularization (TVR)
(5). Secondary endpoints were: 1) the cumulative
occurrence of vessel-related cardiovascular death and
MI; and 2) the cumulative occurrence of ischemia-
driven TVR. All events were adjudicated by an inde-
pendent clinical event committee (R.P., G.S.) blinded
to QFR and quantitative coronary angiographic
values. Events were designated as vessel related or
not vessel related (5). All deaths were considered
cardiac unless an unequivocal noncardiac cause could
be established. Cardiovascular death in patients with
multiple treated vessels was assigned to each vessel
(5). The diagnosis of MI, as suggested by the fourth
universal definition of MI (15), required a combina-
tion of symptoms, electrocardiographic changes, and
significant increase in cardiac markers (troponin).
Any MI without a clearly identifiable culprit vessel
was counted as target vessel related (5). Ischemia-
driven TVR was defined as any repeated revasculari-
zation of the target vessel in the presence of a lesion
with %DS >50% and concomitant history of angina
pectoris plus objective signs of ischemia at rest or
during exercise test (or equivalent) or abnormal re-
sults of any invasive functional diagnostic test. In
case of repeated adverse events in the same vessel,
the first occurred was the one considered.

STATISTICAL ANALYSIS. Starting from previous
similar studies (5–7), we expected a VOCE incidence
ranging between 6% and 8% and a small number of
predictors (about 5) from multivariate regression
analysis. According to Peduzzi et al. (16), at least 600
patients and 740 vessels were needed. This estimate
was consistent with the published research (5–7).
Continuous variables were tested for normal distri-
bution using the Kolmogorov-Smirnov test. All vari-
ables showed skewed distributions and are reported
as median and IQR. Comparisons between contin-
uous variables were performed using the Mann-
Whitney U test as appropriate. Categorical variables
are reported as counts and percentages. Comparisons
between categorical variables were carried out using
Pearson chi-square or Fisher exact tests as appro-
priate. The predictive value of clinical and angio-
graphic parameters on post-PCI QFR was determined
by deriving the standardized b coefficients in a
generalized linear mixed-effects multiple variable
regression. Clinical and angiographic parameters plus

https://doi.org/10.1016/j.jcin.2019.06.003
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TABLE 1 Baseline Characteristics

Patients (n ¼ 602)

Age, yrs 68 (60–77)

Female 159 (26)

BMI, kg/m2 26.5 (24.3–29.4)

CV risk factors

Diabetes 139 (23)

Hypertension 444 (74)

Hyperlipidemia 336 (56)

Current smoker 114 (19)

Medical history

MI 133 (22)

PCI 147 (24)

CVA 9 (1.5)

PAD 39 (6.5)

Chronic kidney disease* 47 (7.8)

Clinical presentation

NSTEACS 402 (67)

SIHD 200 (33)

Angiographic disease severity

Multivessel disease 125 (21)

SYNTAX score 14 (7–21)

Contrast media, ml 170 (136–220)

Vessels (n ¼ 751)

Location

LAD 356 (48)

LCx 184 (24)

RCA 211 (28)

Quantitative coronary angiography
Pre-PCI RVD, mm 2.8 (2.3–3.2)
Pre-PCI diameter stenosis, % 62 (55–76)
Pre-PCI lesion length, mm 21 (17–30)
Post-PCI diameter stenosis, % 11 (9–16)

Procedural data

Number of stents 1 (1–2)

Diameter of stents, mm 3 (3–3.5)

Total length of stents, mm 30 (24–32)

Post-dilatation 627 (87)

Values are median (interquartile range) or n (%). *Defined as creatinine $2 mg/dl.

BMI ¼ body mass index; CV ¼ cardiovascular; CVA ¼ cerebrovascular accident;
LAD ¼ left anterior descending coronary artery; LCx ¼ left circumflex coronary
artery; MI ¼ myocardial infarction; NSTEACS ¼ non–ST-segment elevation acute
coronary syndrome; PAD ¼ peripheral artery disease; PCI ¼ percutaneous coronary
intervention; RCA ¼ right coronary artery; RVD ¼ reference vessel diameter;
SIHD ¼ stable ischemic heart disease; SYNTAX ¼ Synergy Between Percutaneous
Coronary Intervention With Taxus and Cardiac Surgery.
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post-PCI QFR values were tested for predictive value
by fitting a generalized linear mixed-effects multiple-
variable regression model by backward elimination.
To take into account the nonindependence of lesions,
patient identification was introduced in the multi-
level model as a random effect, and the model was
fitted with random intercepts. Models were fitted by
maximum likelihood, and Student’s t-tests used
Satterthwaite’s method. Independent predictors
(p < 0.05) were used in the time-to-event analysis,
fitting a Cox regression model with robust variance to
account for a possible lesion correlation. Tests for
proportional hazards of each covariate were based on
scaled Schoenfeld residuals. The optimal cutoff value
of post-PCI QFR for predicting the VOCE was calcu-
lated by maximizing the sum of sensitivity and
specificity, using receiver-operating characteristic
curve analysis. Observations were grouped according
to high and low levels of post-PCI QFR and were used
in time-to-event analysis followed by proportional
hazard tests after fitting a crude and adjusted Cox
model. Finally, to evaluate the consistency of the
findings, further analysis at the patient level was
carried out. Methods and results of the patient-level
analysis are available in the Online Appendix. One-
or 2-tailed tests were used as appropriate, and sta-
tistical significance was defined as p < 0.05. All an-
alyses were performed using R version 3.5.1 (R
Foundation for Statistical Computing, Vienna,
Austria) by an independent statistician (M.M.).

RESULTS

The study flowchart is depicted in Online Figure 4.
From June 2016 to July 2017, 707 patients met the
inclusion and exclusion criteria and had dedicated
projections for QFR. Offline QFR computation was not
feasible in 105 cases (15%). Therefore, 602 patients
constituted the study population for the present
analysis. Overall, 751 vessels were evaluated, of
which 356 (47%) were left anterior descending coro-
nary arteries, 211 (28%) were right coronary arteries,
and 184 (25%) were circumflex arteries. Detailed pa-
tient, vessel, and procedural characteristics are re-
ported in Table 1.

POST-PCI QFR MEASUREMENT. The median value of
post-PCI QFR was 0.97 (IQR: 0.92 to 0.99). The dis-
tribution of post-PCI QFR values is shown in Figure 1.
By computing standardized coefficients in multiple
regression analysis, left anterior descending coronary
artery location (standardized b ¼ �0.156; 95% confi-
dence interval [CI]: �0.239 to �0.072; p < 0.001),
baseline SYNTAX score (standardized b ¼ �0.124;
95% CI: �0.208 to �0.040; p ¼ 0.004), lesion length
(standardized b ¼ �0.152; 95% CI: �0.235 to �0.069;
p < 0.001) and post-PCI %DS (standardized
b ¼ �0.110; 95% CI: �0.191 to �0.028; p ¼ 0.008) were
found to be significant predictors of a lower post-PCI
QFR value.

CLINICAL FOLLOW-UP. At the vessel level, we
observed 8 cardiovascular deaths in patients with 1
treated vessel, 1 in a patient with 2 treated vessels,
and 2 in patients with 3 treated vessels. The numbers
of vessels experiencing target vessel MI and TVR
were 21 and 40, respectively. All vessels with target

https://doi.org/10.1016/j.jcin.2019.06.003
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FIGURE 1 Distribution of Post–Percutaneous Coronary Intervention Quantitative Flow Ratio Values

QFR ¼ quantitative flow ratio.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 2 , N O . 2 0 , 2 0 1 9 Biscaglia et al.
O C T O B E R 2 8 , 2 0 1 9 : 2 0 7 9 – 8 8 Post-PCI QFR and Outcomes

2083
vessel MI underwent concomitant TVR. Altogether,
77 events were detected in 53 treated vessels (7%)
(Online Table 1). The occurrence of the VOCE strati-
fied according to classes of post-PCI QFR values is
shown in Figure 2. Post-PCI QFR was significantly
lower in vessels with the VOCE during follow-up
compared with those without (0.88 [IQR: 0.81 to
0.99] vs. 0.97 [IQR: 0.93 to 0.99], respectively;
p < 0.001). Among the variables listed in Table 1,
diabetes, prior MI, post-PCI %DS, and post-PCI QFR
were independent predictors of the VOCE (Table 2). In
the direct comparison with post-PCI %DS, post-PCI
QFR showed better ability to discriminate vessels at
risk for the VOCE (Online Figure 5). The time-to-event
analysis confirmed the association among diabetes,
prior MI, post-PCI QFR, and the VOCE (Table 2).
Receiver-operating characteristic curve analysis
identified a post-PCI QFR cutoff of #0.89 as having
the best predictive accuracy for the VOCE, with 60%
sensitivity and 87% specificity (area under the curve
0.77; 95% CI: 0.74 to 0.80; p < 0.001). Overall, 123
vessels (16%) had post-PCI QFR #0.89. Adverse
events, stratified at the vessel level according to
the #0.89 cutoff, are shown in Online Table 1.
Vessels showing post-PCI QFR values #0.89 had a
significantly higher VOCE rate compared with those
with values >0.89 (25% vs. 3.5%, respectively;
p < 0.001) (Figure 3, Online Table 1). After correction
for potential confounding factors (diabetes, prior MI,
lesion length, post-PCI %DS, left anterior descending
coronary artery location, and baseline SYNTAX
score), post-PCI QFR #0.89 remained associated with
a 3-fold increase in the risk for VOCE (adjusted hazard
ratio: 2.91; 95% CI: 1.63 to 5.19; p < 0.001). This
finding was consistent also for secondary endpoints.
The cumulative occurrence of vessel-related cardio-
vascular death and MI was higher in vessels with QFR
values #0.89 (14.6% vs. 2.9%; p < 0.001; adjusted
hazard ratio: 5.54; 95% CI: 2.46 to 12.5; p < 0.001), as
well as that of ischemia-driven TVR (19.5% vs. 2.5%;
p < 0.001; adjusted hazard ratio: 9.23; 95% CI: 4.3 to
19.7; p < 0.001). The patient-level analysis confirmed
the finding of the vessel-level analysis (a detailed
description is provided in Online Tables 2 to 4).

LOCALIZATION OF QFR DROP IN VESSELS WITH

SUBOPTIMAL RESULTS. Analyzing the 123 vessels
with suboptimal results, the site of QFR drop was
limited to the stent in 16 cases (13%). A focal drop
outside the stent was identifiable in 39 cases (32%).

https://doi.org/10.1016/j.jcin.2019.06.003
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FIGURE 2 Rate of Vessels With the Vessel-Oriented Composite Endpoint in the Different Post–Percutaneous Coronary Intervention

Quantitative Flow Ratio Strata

Colors indicate the distribution according the best cutoff (#0.89) for the prediction of the vessel-oriented composited endpoint

(VOCE): green for values higher than the cutoff, orange for values near the cutoff, and red for values less than the cutoff.

TABLE 2 Vessel-Lev

(751 Vessels)

Diabetes

Prior MI

Post-PCI diameter sten

Post-PCI QFR

*Variables able to predict t
mixed-effects multiple-va
previous analysis were use

CI ¼ confidence interval
other abbreviations as in T
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Forty-two vessels (34%) showed a constant and pro-
gressive decrease of the QFR curve, suggestive of
diffuse disease. Finally, 26 cases (21%) showed a
combination of the aforementioned possibilities.

DISCUSSION

The HAWKEYE study was conducted to investigate
the potential role of QFR computation after success-
ful PCI with stent implantation in the prediction of
adverse events. To minimize potential confounding
el Analysis: Predictors of the Vessel-Oriented Composite Endpoint

GLM Effects* Cox Regression†

Standardized b (95% CI) p Value HR (95% CI) p Value

0.037 (0.013 to 0.061) 0.002 2.59 (1.39 to 4.81) 0.002

0.046 (0.022 to 0.070) <0.001 2.79 (1.52 to 5.13) <0.001

osis 0.036 (0.017 to 0.058) <0.001 1.24 (0.99 to 1.56) 0.055

�0.067 (�0.087 to �0.047) <0.001 0.56 (0.46 to 0.68) <0.001

he vessel-oriented composite endpoint were identified by fitting a generalized linear
riable regression model by backward elimination. †Independent predictors of the
d in time-to-event analysis fitting a Cox regression model with robust variance.

; GLM ¼ generalized linear mixed; HR ¼ hazard ratio; QFR ¼ quantitative flow ratio;
able 1.
factors, we selected patients undergoing complete
and successful revascularization. Moreover, we per-
formed QFR computation offline at an independent
and blinded core laboratory, and we centrally adju-
dicated adverse events that were considered at the
vessel level. The main findings are as follows.

First, post-PCI QFR values significantly varied,
although the large majority of treated vessels was
associated with higher and optimal functional result,
as assessed by QFR measurement. Second, clinical
(diabetes, prior MI), anatomic (lesion located in the
left anterior descending coronary artery), and angio-
graphic (lesion length, post-PCI residual diameter
stenosis) variables influenced post-PCI QFR. Third,
QFR identified a relatively small number of vessels
(16%; 95% CI: 14% to 19%) with suboptimal results.
Fourth, post-PCI QFR was an independent predictor
of adverse events (Central Illustration).

These findings are consistent with those from
studies with post-PCI measurement of FFR (5–7,14).
The rationale for post-PCI FFR measurement was to
evaluate residual disease burden, which cannot be
fully assessed by angiographic assessment, and to
integrate information obtained with intracoronary
imaging (intravascular ultrasonography [IVUS] and
optical coherence tomography [OCT]), which are



FIGURE 3 Cumulative Occurrence of the Vessel-Oriented Composite Endpoint in Vessels Stratified According the Best Cutoff

Black continuous line ¼ vessels with values of post–percutaneous coronary intervention (PCI) quantitative flow ratio (QFR) #0.89. Blue

dotted line ¼ vessels with values >0.89. The cutoff of 0.89 was obtained by receiver-operating characteristic curve analysis for the best

prediction of the vessel-oriented cardiac endpoint (VOCE).
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more detailed regarding stent apposition. Despite
there being a consistent and reliable association be-
tween low post-PCI FFR and increased risk for clinical
events (5–7,14,17,18), the use of post-PCI FFR in daily
practice is negligible (8). Several factors and draw-
backs can explain this issue. First, its predictability
was reported to be low (5). Second, optimal cutoff
values ranged widely and should be integrated with
information from pre-PCI values (5–7,14,17,18). Third,
post-PCI FFR measurement is generally performed
only in patients in whom invasive physiology was
used to guide revascularization (8). Recently, Kikuta
et al. (19) confirmed the accuracy and effectiveness of
the instantaneous wave-free ratio in the presence of
tandem and diffuse coronary disease. Compared with
FFR, the instantaneous wave-free ratio does not
require adenosine administration and permits a quick
and easy pull back to investigate the entire vessel and
to well discriminate the site of pressure drop. These
features make the instantaneous wave-free ratio
appealing also for post-PCI assessment, and pre-
liminary evidence confirms this (NCT03084367).

QFR is a novel approach to estimate coronary
physiology, based on the elaboration by dedicated
software of angiographic projections. After adequate
training, the acquisition of appropriate images and
the computation are relatively easy and quick. QFR
does not require maximal epicardial vasodilation or
the use of dedicated materials. We found that QFR
measurement after optimal PCI was feasible. The
presence of lower QFR values predicted an
increased risk for adverse events (Central
Illustration). The increase in events was in terms
of both vessel-related cardiac death and MI and
repeated TVR. This is the largest study showing a
relationship between QFR and outcomes. Previous
studies were focused on the concordance between
QFR and invasive physiologic assessment (i.e., FFR)

https://clinicaltrials.gov/ct2/show/NCT03084367
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Revascularization with successful stent implantation

Post-PCI measurement of QFR

Low rate of adverse events and
need of repeat revascularization

3-time increase in the risk of VOCE
Adjusted HR 2.91, 95% CI 1.63-5.19
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34%
diffuse

32%
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site of QFR drop

QFR value >0.89

QFR value ≤0.89

Biscaglia, S. et al. J Am Coll Cardiol Intv. 2019;12(20):2079–88.

The green line shows the stented segment. The red arrows show the points with the major quantitative flow ratio (QFR) drop. (A) Optimal result, QFR value near to 1,

no drops. (B) Two focal drops inside the stent. (C) Two focal drops in the distal portion of the vessel, outside the stent. (D) Long diffuse disease distally to the stent.

PCI ¼ percutaneous coronary intervention; VOCE ¼ vessel-oriented composite endpoint.
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and on feasibility of online assessment (9–11). The
HAWKEYE study adds evidence that QFR can work
also as gatekeeper for the discrimination of future
events. Obviously, the evidence is preliminary,
limited to the post-PCI scenario, and generated by a
small number of vessels (n ¼ 123) with a limited
number of adverse events (n ¼ 31) and should be
confirmed in larger studies.

As shown by the analysis of the QFR drop locali-
zation, the mechanisms underlying lower QFR values
and poor outcomes are different (Central Illustration).
Even though this analysis should be considered only
hypothesis generating, it enables us to speculate
about the potential clinical implications of post-PCI
QFR measurement. As expected, suboptimal stent
deployment is among the causes of low post-PCI QFR.
In the present study, all patients underwent second-
generation drug-eluting stent implantation by expe-
rienced operators, with post-dilatation in more than
85% of cases. The current gold standard for stent
optimization is intracoronary imaging (IVUS or OCT)
(20–24). Recent studies confirmed that imaging-
guided PCI is associated with better outcomes
(20–24). Nevertheless, the systematic application of
the imaging-guided approach is far from being ach-
ieved. IVUS and OCT are used for guidance in <10%
and 2% of cases, respectively (24). In our study pop-
ulation, left main PCI was an exclusion criterion,



PERSPECTIVES

WHAT IS KNOWN? QFR showed good agreement and

concordance with FFR in the invasive hemodynamic evaluation of

intermediate coronary stenoses. The prognostic value of QFR,

measured after successful PCI with stent implantation, is

unknown.

WHAT IS NEW? QFR values after successful PCI showed

significant variability, being suboptimal in about 15% of the

treated vessels. Clinical (diabetes, prior MI), anatomic (lesion

located in the left anterior descending coronary artery), and

angiographic (lesion length, post-PCI residual diameter stenosis)

variables were related to post-PCI QFR. Lower post-PCI QFR is

associated with worse clinical outcomes at the vessel level.

WHAT IS NEXT? Future studies are clearly needed to

investigate how to optimize outcomes in vessels with suboptimal

QFR values.
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median lesion length was about 20 mm, and only 35%
of patients underwent implantation of stents in
overlap. Therefore, it is not surprising that we found a
relatively small number of patients with QFR drop
limited to stented segment (13% [95% CI: 8% to 19%]
of the cases with suboptimal QFR results). In these
patients, we can speculate that intracoronary imaging
and further stent optimization might improve the
results. In other cases, QFR could help physicians
unravel unnoticed lesions or quantify diffuse disease
burden. Additional lesions can be successfully treated
with PCI, whereas the quantification of diffuse dis-
ease may help explain residual symptoms or persis-
tently abnormal noninvasive functional studies.
Similarly, whether more aggressive medical strategies
(i.e., longer dual-antiplatelet therapy regimen, PCSK9
inhibitors, etc.) can improve the outcomes of patients
with lower QFR value and diffuse disease is
unknown.

STUDY LIMITATIONS. First, only patients under-
going complete and successful revascularization
were eligible.

Second, the protocol did not recommend the
acquisition of projections for QFR computation before
revascularization. In addition, because the indication
for PCI was left to operator’s discretion, we did not
capture in the dataset the rate and value of pre-
procedural physiological assessment. This is the ma-
jor limitation of our study. Indeed, recent studies,
based on wire-based physiological assessment,
showed that the pre-PCI value is important to better
understand the post-PCI value and to better stratify
the prognosis (14). In our study, the lack of pre-PCI
values did not permit the replication of findings
regarding the prognostic role of pre-PCI versus post-
PCI values or of the percentage of increase of the
value before and after PCI (14). Similarly, we cannot
exclude that a systematic assessment of QFR before
PCI could change the revascularization strategy, the
rate of adverse events, and the proper identification
of hemodynamically significant untreated lesions.

Third, QFR computation was performed offline.
Previous studies showed good agreement between
offline and online measurements (9,10). The repro-
ducibility of our findings in a real-life scenario, with
online assessment, should be properly investigated.
We observed slightly lower QFR feasibility compared
with previous FAVOR II trials (9,10). We cannot
exclude that this issue may be related to direct
feedback on the quality of angiographic projections
given during online computation. In addition, the
distal point for QFR computation was arbitrarily
located in the distal portion of the vessel, when the
diameter becomes <1.5 mm. This was an arbitrary
decision, and we are unable to estimate if it influ-
enced the findings of the study.

Fourth, the strict inclusion and exclusion criteria
limit the generalizability of our results.

Finally, advanced intracoronary imaging (IVUS
and/or OCT) was left to the operator’s discretion and
was performed in <4% of the cases. Information from
IVUS and/or OCT would have been helpful to better
understand the mechanisms underlying low QFR
values and recurrence of events.

CONCLUSIONS

The measurement of QFR after complete and suc-
cessful revascularization with PCI and stenting is
feasible. Post-PCI QFR values were suboptimal in
about 15% of cases. Lower values of post-PCI QFR
were independent predictors of adverse events and
identified a subgroup of patients at higher risk for
poor outcomes.
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