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BACKGROUND: Coronary angiography is the gold standard for cardiac allograft vasculopathy (CAV) diagnosis, but it usually
detects the disease at an advanced stage. We investigated the role of quantitative flow ratio (QFR), a noninvasive tool to
identify potentially flow-limiting lesions, in predicting CAV development in heart transplant recipients.

METHODS: Consecutive heart transplant recipients with no evidence of angiographic CAV at baseline coronary angiography
were retrospectively included between January 2010 and December 2015, and QFR computation was performed. The
relationship between vessel QFR and the occurrence of angiographic vessel-related CAV (=60% stenosis) was assessed.

RESULTS: One hundred forty-three patients were included and QFR computation was feasible in 241 vessels. The median
value of QFR at baseline coronary angiography was 0.98 (interquartile range, 0.94-1.00). During a median follow-up of
6.0 years (interquartile range, 4.6-7.8 years), vessel-related CAV occurred in 25 (10.4%) vessels. Receiver-operating
characteristic curve analysis identified a QFR best cutoff of <0.95 (area under the curve, 0.81 [95% ClI, 0.71-0.90];
P<0.001). QFR<0.95 was associated with an increased risk of vessel-related CAV (adjusted hazard ratio, 20.87 [95% ClI,
5.35-81.43]; A&<0.001). In an exploratory analysis, QFR<0.95 in at least 2 vessels was associated with higher incidence
of cardiovascular death or late graft dysfunction (71.4% in recipients with 2-3 vessels affected versus 5.1% in recipients
with O—1 vessels affected, £<0.001).

CONCLUSIONS: In a cohort of heart transplant recipients, QFR computation at baseline coronary angiography may be a safe
and reliable tool to predict vessel-related CAV and clinical outcomes at long-term follow-up.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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plantation (HT) has improved over the past decades,

cardiac allograft vasculopathy (CAV) still represents
the major cause of long-term mortality, accounting for up
one-third of deaths after the first year post-HT."? Annual
coronary angiography is considered the imaging modality
of choice for CAV surveillance.® However, coronary angi-
ography has several shortcomings related to the visual

Although survival of patients undergoing heart trans-

estimation of diffuse vessel disease and to its low sensi-
tivity to detect early CAV. Indeed, almost half of HT recip-
ients without evidence of angiographic CAV at 1 year
after HT show meaningful intimal thickening measured
by intravascular ultrasound (IVUS),* which is associated
with an increased risk of subsequent major cardiovas-
cular events.® Nevertheless, intracoronary imaging is still
underused in the routine practice because it is time and
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WHAT IS KNOWN

* In heart transplant recipients, annual coronary
angiography is considered the imaging modal-
ity of choice for cardiac allograft vasculopathy
surveillance.

» Coronary angiography has several shortcomings
related to the visual estimation of diffuse vessel
disease.

* Quantitative flow ratio is a noninvasive tool that
has been shown to identify potentially flow-limiting
coronary lesions.

WHAT THE STUDY ADDS

* In patients without evidence of angiographic car-
diac allograft vasculopathy at baseline coronary
angiography, quantitative flow ratio might identify
heart transplant recipients at high risk for cardiac
allograft vasculopathy.

* Quantitative flow ratio may be a safe and cost-effec-
tive gatekeeper to detect vessels that are deemed
for further intracoronary assessment.

Nonstandard Abbreviations and Acronyms

BCA baseline coronary angiography

CAV cardiac allograft vasculopathy

CCTA coronary computed tomography
angiography

FFR fractional flow reserve

HT heart transplantation

IVUS intravascular ultrasound

LGD late graft dysfunction

MIT maximal intimal thickness

QFR quantitative flow ratio

resource-consuming and it is not free of complications
related to the use of coronary wires.®

Quantitative flow ratio (QFR) is a novel tool to iden-
tify potential flow-limiting coronary lesions based on
3-dimensional (3D) quantitative coronary angiography
and contrast flow, and it does not require the use of
pressure wires or hyperemia induction. QFR has shown
good agreement with pressure wire-determined frac-
tional flow reserve (FFR) measurements, and its prog-
nostic significance has been demonstrated in patients
with ischemic cardiomyopathy.”"® In HT recipients
undergoing coronary angiography for CAV surveillance,
the advantage of QFR could be the prompt identifica-
tion of those vessels that need further anatomic assess-
ment with wire-based techniques.

Thus, the aim of this study was to test whether QFR
can predict CAV development and clinical outcomes
in HT recipients without evidence of angiographic
disease.
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METHODS
Data Sharing

The data, analytical methods, and study materials will be made
available to other researchers for the purposes of reproducing
results or replicating procedures. Please contact M.F. with spe-
cific requests at mfarrero@clinic.cat.

Study Design

This was a multicenter, retrospective, observational study con-
ducted at 4 centers in 2 countries (Italy and Spain). Consecutive
patients >18 years old who received HT between January 2010
and December 2015 and underwent follow-up coronary angi-
ography after HT for CAV surveillance were included. The first
coronary angiography performed after HT was considered the
baseline coronary angiography (BCA). CAV severity was evalu-
ated by the interventional cardiologist performing the angiog-
raphy and patients with CAV grade >0 at BCA, according to
International Society for Heart and Lung Transplantation clas-
sification,'” were excluded. The BCAs of the patients included
were reviewed by 2 independent observers, who confirmed the
absence of CAV and agreed in 100% of the cases, and QFR
analysis was performed. The study protocol was approved by
the Medical Ethics Committee in all participating centers and
the subjects included gave informed consent. The study was
conducted in compliance with the protocol, the Declaration of
Helsinki, and applicable local requirements. M.F. had full access
to all the data in the study and takes responsibility for its integ-
rity and the data analysis.

QFR Computation

Computation of QFR was performed retrospectively, using the
software package QAngio XA 3D (Medis Medical Imaging
System, Leiden, the Netherlands). In the first step, 2 angio-
graphic projections, at least 25° apart, were selected, and
3D reconstruction of the interrogated vessel without its side
branches was performed, as previously described.” 3D quan-
titative coronary analysis data were readily available. Then, the
software computed the fixed and contrast vessel QFR.” As
compared to fixed QFR value, contrast OFR value was obtained
integrating the frame count analysis in the computation. Details
of computational methods are described in the Supplemental
Material. In the present analysis, we used vessel contrast QFR
values because it showed a better diagnostic accuracy” com-
pared with fixed QFR. QFR was calculated in the left anterior
descending, left circumflex, and right coronary artery starting
from the most proximal available segment until its diameter
became <1.5 mm. QFR computation was performed in the core
laboratory of the University Hospital of Ferrara.'®'2'3 Study
angiograms were anonymized and submitted to the core lab.
Two independent operators, blinded to outcomes, performed
the QFR analysis. Both operators were certified for QFR com-
putation. The inter-observer agreement was very high in all
cases (k>0.95).

Follow-Up

After BCA, CAV surveillance was performed according to
International Society for Heart and Lung Transplantation HT
guidelines by coronary angiography or coronary computed
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tomography angiography (CCTA).2 Recipients with evidence of
CAV at CCTA underwent coronary angiography to confirm CAV
diagnosis. CAV surveillance protocols in each participating cen-
ter and CCTA imaging procedures are described in detail in the
Supplemental Material. For the purpose of this study, follow-up
angiograms were evaluated by 2 independent observers, who
classified coronary stenoses as mild (<60% diameter) or mod-
erate-severe (>50% diameter). Discrepancies were resolved by
a third reviewer.

Clinical follow-up was performed through medical elec-
tronic records available in each participating center. Follow-up
was censored at the time of death or at the end of March 2020.
Median follow-up duration was 6.0 years (interquartile range
[IOR], 4.6-7.8 years).

End Points

We investigated the relationship between vessel QFR mea-
sured at BCA and outcomes at the vessel and recipient level.
The primary end point was the occurrence of vessel-related
CAV, defined as the presence of any >60% coronary stenosis in
the interrogated vessel during follow-up. As secondary explor-
atory end point at the recipient level, we analyzed the incidence
of the composite of late graft dysfunction (LGD) and cardiovas-
cular death according to the number of vessels with low QFR
values (0—1 vessels versus 2-3 vessels). Because in our cohort
no patient underwent retransplantation, we did not include this
outcome. LGD was defined as the occurrence of typical HF
signs and symptoms together with evidence of a structural or
functional abnormality of graft (reduced left ventricular ejection
fraction or elevated filling pressures or right ventricular systolic
dysfunction) beyond the initial HT hospitalization.'* In the case
of repeated events of the composite end point, the first event
was the one considered. All deaths were considered cardiac
unless an unequivocal noncardiac cause could be established.
All events were adjudicated by an independent clinical event
committee blinded to vessel QFR values.

Statistical Analysis

Continuous variables are presented as median and IQR; cat-
egorical variables are reported as counts and percentages.
Comparisons between continuous variables were performed
using the Mann-Whitney test; comparisons between categori-
cal variables were evaluated using Fisher exact tests. Linear
association between QFR and maximal intimal thickness
(MIT) evaluated by IVUS was determined by Pearson corre-
lation coefficient (r). The optimal cutoff value of vessel QFR
for predicting the occurrence of vessel-related CAV 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 vessel QFR
and were used in time-to-event analysis. Time-to-event curves
were estimated by Kaplan-Meier method and compared using
the log-rank test. Adjusted hazard ratios with 95% Cls of ves-
sel-related CAV were determined using Cox proportional haz-
ard regression. To avoid overfitting, those variables that had a
F<0.05 at univariate analysis were included in the Cox regres-
sion model. A 2-tailed A<0.05 was considered statistically sig-
nificant. Statistical analyses were performed by an independent
statistician (E.N.) using SPSS (version 25.0, SPSS, Chicago, IL)
and Stata (version 13.0; Stata Corp, College Station, TX).
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RESULTS

Study flow chart is shown in Figure 1. Out of 441 con-
secutive patients who underwent HT within the study
period, 91 died before BCA was performed, and in 88
recipients, BCA could not be analyzed due to Digital
Imaging and Communications in Medicine information
missing. Therefore, BCA was available in 262 patients.
Of these, 234 had no evidence of angiographic CAV at
BCA. Median time to BCA after HT was 365 days (IQOR,
140-393 days). QFR computation was not performed
in 91 patients (461 [65.7%] vessels), due to lack of at
least 2 angiographic projections >25° apart. Overall,
QFR analysis was performed in 143 patients (241 ves-
sels) that constituted the final study cohort. The median
value of QFR at BCA was 0.98 (IQR, 0.94-1.00). To
identify any potential selection bias, we compared base-
line characteristics of patients included/excluded from
the analysis (Table S1): in patients included in the final
cohort, history of hypertension and hypercholesterolemia
were more common and time to BCA was shorter than in
patients that were excluded from the analysis.

Detailed patient and vessel characteristics of the
final population included in the analyses are reported
in Table 1.

QFR and Vessel-Related CAV

Vessel-related CAV was detected in 25 (10.4%) vessels
during follow-up (Figure 2). Figure 3 shows the occur-
rence of vessel-related CAV by 0.05 strata of QFR val-
ues (4 strata from <0.85 to 1.00).

Vessel QFR at BCA was significantly lower in vessels
that developed CAV during follow-up compared with
those that did not (0.93 [IQR, 0.87-0.93] versus 0.98
[IOR, 0.95-1.00], respectively, P<0.001). Receiver-
operating characteristic curve analysis identified a ves-
sel QFR cutoff of <0.95 as having the best predictive
accuracy for vessel-related CAV, with 77% sensitivity
and 76% specificity (area under the curve, 0.81 [95%
Cl, 0.71-0.90]; A<0.001, Figure S1A). Vessels show-
ing QFR values <0.95 had a significantly higher ves-
sel-related CAV rate compared with those with values
>0.95 (25.9% versus 2.5%, P<0.001, Figure 4). At Cox
regression analysis, vessel QFR<0.95 was associated
with an increased risk of vessel-related CAV (adjusted
hazard ratio, 20.87 [95% CI, 5.35-81.43]; /~<0.001;
Table 2). QFR showed a good ability to discriminate
vessels at risk for CAV in patients undergoing BCA
before and after the first year post-HT (Figure S1B).

QFR and Clinical Outcomes at the Recipient
Level

At the recipient level, the composite of cardiovascular
death and LGD occurred in 8.4% of recipients (Table S2).

May 2022 441



20z ‘g JequinoN uo Ag Blo'sfeuinofeye//:dny woly papeojumod

Spitaleri et al

QFR in HT Recipients Without Angiographic CAV

Between January 2010 and December 2015, 441
consecutive patients underwent HT in 4 centers

» 91 patients died before BCA was
performed

BCA was available in 262 patients

88 BCAs were not available due to DICOM
information missing

234 patients (702 vessels) had no
evidence of angiographic CAV at
BCA

» 28 patients were excluded
because of angiographic CAV
>1atBCA

QFR was assessed
retrospectively in 143
patients (241 vessels)

* 461 vessels were not suitable for
QFR analysis because of the
absence of 2 angiographic
projection > 25°

follow-up

Correlation between vessel QFR value at BCA
and vessel-related CAV occurrence during

Figure 1. Study flow chart.

BCA indicates baseline coronary angiography; CAV, cardiac allograft vasculopathy; DICOM, Digital Imaging and Communications in Medicine;

HT, heart transplantation; and QFR, quantitative flow ratio.

Incidence of cardiovascular death and LGD was higher in
HT recipients with 2 to 3 vessels with QFR<0.95 com-
pared with recipients with O to 1 vessel (71.4% versus
5.1%, respectively, /<0.001; Figure 5 and Table S2). A
significant association was confirmed for both cardiovas-
cular death (42.9% versus 2.9%, respectively; £<0.001;
Table S2) and LGD (42.9% versus 3.7%, respectively;
P<0.001; Table S2).

QFR and Maximal Intimal Thickness at BCA

IVUS was performed down the left anterior descend-
ing in 27 patients. Median MIT at BCA was 1 mm
(IGR, 0=1.5 mm). Out of the 27 vessels analyzed by
IVUS, vessel-related CAV occurred in 5 vessels. In
univariate analysis, there was no significant associa-
tion between MIT at BCA and vessel-related CAV
(hazard ratio, 1.98 [95% CI, 0.43-9.18]; P=0.38).
However, we observed an inverse correlation
between vessel QFR values and MIT at BCA, even
though it was not significant at an alpha level of 0.05
(r=—0.35, P=0.07).

Circ Cardiovasc Interv. 2022;15:e0116566. DOI: 10.1161/CIRCINTERVENTIONS.121.011656

DISCUSSION

To the best of our knowledge, our study is the first to
investigate the prognostic role of QFR in HT recipients.
Our main findings are (1) lower vessel QFR at baseline
was an independent predictor of angiographic vessel-
related CAV at follow-up; (2) a higher number of coronary
vessels with a QFR<0.95 was associated with a higher
occurrence of clinical outcomes, such as cardiovascular
death and LGD.

It is known that CAV progression is usually silent and
patients often present with late manifestations of the
disease, such as late graft failure and sudden death.
Although HT recipients undergo coronary angiogra-
phy more often than non-HT patients with equivalent
risk profile, CAV diagnosis can be challenging. Indeed,
because CAV involves the entire coronary tree with con-
centric and diffuse disease pattern in contrast to the
focal and eccentric epicardial lesions in atherosclero-
sis, angiography may underestimate vessel narrowing at
plaque sites. Therefore, International Society for Heart
and Lung Transplantation guidelines recommend the
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Table 1. Baseline Characteristics
Patients with 0-1 vessel | Patients with 2-3 vessels
Overall cohort (n=143) | with QFR<0.95 (n=136) | with QFR<0.95 (n=7) P value
Recipients
Age,y 57 [49-64] 57 [49-64] 58 [43-65] 0.96
Male sex 100 (69.9) 6 (70.6) 4 (69.9) 0.43
Donor/recipient sex mismatch 39 (27.3) 5 (25.9) 4 (57.1) 0.09
History of diabetes 35 (24.5) 4 (25.5) 1(14.3) 1.00
History of hypertension 85 (59.4) 2 (60.3) 3 (42.9) 0.44
History of hypercholesterolemia 79 (565.2) 7 (56.6) 2 (28.6) 0.24
History of ischemic cardiomyopathy 48 (33.6) 8 (35.3) 0 (0.0) 0.1
Cellular rejection >2R* 51 (85.7) 7 (34.6) 4 (57.1) 0.25
AMR* 12 (8.4) 9 (6.6) 1(14.3) 0.41
CMV IgG positive 115 (80.4) 109 (81.3) 6 (85.7) 1.00
CMV IgG donor+/recipient — 23 (16.1) 22 (16.7) 1(14.3) 1.00
Time to BCA, d 365 [140-393] 365 [1562-397] 276 [63-348] 0.05
Total cholesterol at BCA, mg/dL 181 [154-215] 181 [154-215] 181 [124-208] 0.7
LDL at BCA, mg/dL 103 [78-124] 108 [79-124] 103 [69-121] 0.62
Hb1Ac at BCA, % (n=96) 5.9 [56.5-6.4] 5.9 [6.5-6.4] 5.5 [5.4-6.2] 0.55
Treatment
Tacrolimus 94 (65.7) 90 (66.2) 4 (57.1) 0.69
Ciclosporin 42 (29.4) 40 (29.6) 2 (28.6) 1.00
Mycophenolate 115 (80.4) 109 (83.2) 7 (100.0) 0.59
Everolimus 25 (17.5) 24 (18.3) 1(16.7) 1.00
Statins 109 (76.2) 105 (82.0) 5 (83.3) 1.00
Donor age, y 44 [36-54] 44 [36-54] 44 [25-54] 0.86
Ischemic time, min 189 [140-227] 187 [142-227] 211 [185-227] 0.6
Vessels (n=241)
LAD 138 (57.3)
LCx 37 (15.4)
RCA 66 (27.4)

Data are mean=SD, n (%) or median [interquartile range]. AMR indicates antibody mediated rejection; BCA, baseline coronary angiography; CMV,
cytomegalovirus; Hb1Ac, glycated hemoglobin; LAD, left anterior descending; LCx, left circumflex; LDL, low-density lipoprotein; QFR, quantitative flow

ratio; and RCA, right coronary artery.
“Before BCA.

use of IVUS in conjunction with coronary angiography to
reveal early intimal hyperplasia.® However, it seems hard
to gain a global penetration of this strategy in the real-
world setting due to procedural time increase, radiation
exposure, complications, and costs.® FFR has emerged
as a new tool that may predict adverse outcomes in HT
recipients.’ Nevertheless, besides the use of coronary
wires, FFR provides the administration of adenosine,
which is associated with transient, although not signifi-
cant, symptoms.'® Although papaverine could be used
as an alternative to adenosine for FFR measurements,!”
the use of these drugs may result in longer procedural
times and higher costs. Conversely, QFR is a safe tool
based solely on 3D vessel reconstruction and contrast
frame counting which has been shown to be superior to
angiography and faster than FFR for the evaluation of
intermediate coronary stenosis in patients with ischemic
cardiomyopathy.”® In HT recipients, QFR could increase

Circ Cardiovasc Interv. 2022;15:e0116566. DOI: 10.1161/CIRCINTERVENTIONS.121.011656

the diagnostic power of coronary angiography, which,
despite being a good screening tool for coronary artery
disease, may not be sufficient for detecting early CAV.
First, in an HT setting, we found that lower vessel
QFR at BCA was associated with an increased risk of
vessel-related CAV during a median follow-up of 6 years
(adjusted hazard ratio, 20.87 [95% ClI, 5.35-81.43];
P<0.001). This strong relationship might reflect the
presence of subtle intimal thickening already at the time
of BCA that was not detected by coronary angiography
and that could have been identified if a more sensitive
diagnostic tool was used. Therefore, one might speculate
that QFR could be used in HT recipients without angio-
graphic evidence of coronary disease as a cost-effective
gatekeeper to detect vessels at high risk of CAV that
are deemed for further intracoronary assessment. In fact,
although IVUS was performed only in 27 patients, we
found a trending inverse correlation between vessel QFR
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Vessel QFR: 0.94

Figure 2. Example of quantitative flow ratio (QFR) assessment in a patient without evidence of angiographic cardiac allograft

vasculopathy at baseline coronary angiography (BCA).

A, Left anterior descending (LAD) with no lesions at BCA; (B) 2 angiographic projections, at least 25° apart, were selected, and 3-dimensional
reconstruction of the interrogated vessel without its side branches was performed. QFR value is <0.95; (C) evidence of angiographic stenosis

in the mid-portion of LAD (red arrows) at 4 y after BCA.

value and MIT. Regarding the cutoff value, in a study by
Fearon et al,'® FFR<0.90 soon after HT, but not FFR
measured at 1 year, predicted death and retransplanta-
tion at long-term follow-up. The authors postulated that
an abnormal FFR (defined as FFR<0.85) at 1 year was
not associated with clinical outcomes because during a
longer follow-up patients might develop more significant
microvascular dysfunction which can increase the FFR

value. Indeed, we found that QFR<0.95 was the best cut-
off to identify vessels at risk for future CAV.
Furthermore, we found that the presence of vessel
QFR<0.95 in >1 vessel was associated with important
long-term clinical outcomes. In particular, the overall inci-
dence of cardiovascular death and LGD at 6 years was
8.4% but it rose up to 71.4% in patients with at least 2
vessels with QFR value<0.95, a proportion similar to that

60

50 -

30 -

20 -

Occurrence of vessel-related CAV (%)

<0.85 0.86-0.90

Vessel QFR strata

Vessels (n) 6 24 51
Events (n) 3 7 1

0.91-0.95

160
4
Figure 3. Occurrence of vessel-related
cardiac allograft vasculopathy (CAV)
according to vessel quantitative flow
ratio (QFR) strata.
0.96-1.00
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Figure 4. Cumulative occurrence of vessel-related cardiac allograft vasculopathy (CAV) according to the best cutoff.
BCA indicates baseline coronary angiography; HR, hazard ratio; and QFR, quantitative flow ratio.

of patients with angiographic CAV grade 2 to 3.'® This
finding suggests that QFR could be helpful also in risk
stratification of HT recipients, although the analysis of
hard end points was exploratory and severely limited by
the very small number of subjects with QFR<0.95 in 2 to
3 vessels. Therefore, our results should be interpreted in
light of this limitation and considered as background for
further investigation. In fact, in a future perspective, QFR
assessment might identify those patients who require—
beyond the identification of angiographic CAV—a closer
follow-up with adoption of potential preventive measures,
such as rejection surveillance, changes in immunosup-
pression, or intense metabolic control, which can eventu-
ally improve patient prognosis.'®

Study Limitations
This study has several limitations related to its retrospec-
tive nature. First, because angiogram acquisition at BCA

Table 2. Predictors of Vessel-Related CAV From Cox Re-
gression Model

HR (95% CI) P value
Vessel QFR<0.95 at BCA 20.87 (5.35-81.43) <0.001
Donor age 1.09 (1.02-1.16) 0.01

BCA indicates baseline coronary angiography; CAV, cardiac allograft vascu-
lopathy; HR, hazard ratio; and QFR, quantitative flow ratio.

Circ Cardiovasc Interv. 2022;15:e0116566. DOI: 10.1161/CIRCINTERVENTIONS.121.011656

was not intended for QFR computation, a significant pro-
portion of vessels (65.7%) was excluded from the study
because of the lack of proper angiographic projections.
However, OFR analysis was feasible in >90% of vessels
with at least 2 angiographic projections >25° apart. Pro-
spective acquisition should easily increase the analyzable
proportion of vessels. Second, we included HT recipients
from 2010 to 2015, to provide a reasonable follow-up
for the occurrence of clinical events. The relevance of
this diagnostic method at shorter follow-up remains to be
established. Third, after BCA, CAV surveillance was per-
formed by CCTA in 12 (8.3%) patients. Since itis not clear
whether CCTA is sufficiently sensitive for detecting early
disease and coronary angiography is currently consid-
ered the gold standard for CAV diagnosis, results should
be interpreted in light of this limitation. Fourth, IVUS was
not performed routinely in all transplant centers and ves-
sel-related CAV was diagnosed using coronary angiog-
raphy. Therefore, we are not able to hypothesize what the
relationship between QFR and CAV would be if a more
sensitive diagnostic method, like IVUS, was extensively
used. Fifth, routine FFR measurements were not per-
formed in the HT population included in the study, so we
were not able to describe the correlation between QFR
and FFR; although this relationship has shown to be very
good in the coronary artery disease population, further
validation studies comparing FFR and QFR in HT setting
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Figure 5. Incidence of cardiovascular (CV) death or late graft dysfunction (LGD) according to the number of vessels with
quantitative flow ratio <0.95 at baseline coronary angiography (BCA) after heart transplantation.

HR indicates hazard ratio.

are warranted. Sixth, QFR analysis requires the availabil-
ity of a dedicated software, which could limit its broad
application. In addition, the QFR analysis performed by
a core lab, although useful for improving accuracy and
reproducibility, might limit the generalization of our find-
ings to routine clinical care. Finally, the impact of shear
stress on coronary vessels was not evaluated. Interest-
ingly, in a study by Gaudio et al,?° the calculation of shear
stress using angiography-derived FFR has recently been
proposed to improve risk prediction in patients with coro-
nary artery disease. Therefore, as future perspective,
QFR analysis could be integrated by shear stress data,
especially in HT recipients without overt angiographic
CAV, to predict adverse events.

Conclusions

In our cohort of HT recipients, lower vessel QFR values
at BCA predict the occurrence of angiographic vessel-
related CAV and clinical outcomes at long-term follow-
up. The role of QFR in the detection of early CAV and its
possible application in improving HT patients’ outcomes
will need to be evaluated in future prospective studies.
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