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g I The pullback pressure gradient (PPG) is a novel
metric that quantifies coronary artery disease (CAD)
patterns as focal or diffuse on a scale from 0 (diffuse)

to 1 (focal)l. PPG predicts blood flow improvement after

percutaneous coronary intervention (PCI): a high PPG (focal
disease) is associated with greater flow improvement and
angina relief, while a low PPG (diffuse disease) is linked to
higher periprocedural complications®?. Traditionally, PPG has
been derived from fractional flow reserve (FFR) pullbacks.

However, assessment using non-hyperaemic pressure ratios

(NHPR) can shorten procedure time and eliminate the need

for a hyperaemic agent. This study aimed to assess the

agreement between resting and hyperaemic PPG.

This study was a prespecified subanalysis of the PPG Global
Registry, a prospective, investigator-initiated, multicentre,
international  study (ClinicalTrials.gov: NCT04789317).
Eligible patients had at least one haemodynamically significant
lesion (FFR <0.80) scheduled for PCI, with those undergoing
both resting and hyperaemic pressure pullbacks included
(Supplementary Figure 1). The pressure wire (PressureWire X
[Abbott]) was placed in the distal coronary artery to measure
resting distal coronary pressure/aortic pressure, resting full-
cycle ratio (RFR), and FFR. Manual pullbacks were performed
over 20-30 seconds. PPG was automatically calculated online
using CoroFlow v3.5.1 software (Coroventis Research AB)
(Supplementary Figure 2). Resting PPG was calculated by the
core lab (CoreAalst BV) using resting pressure pullbacks with
the same algorithm. We classified functional patterns using
the median hyperaemic PPG value of 0.62, derived from the
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entire PPG Global cohort, and applied the same threshold
for resting PPG. Continuous variables were compared using
Mann-Whitney U tests and categorical variables using chi-
square tests. Pearson’s correlation assessed associations,
and Bland-Altman analysis, Passing-Bablok regression,
and Cohen’s Kappa evaluated agreement. The diagnostic
performance of resting PPG was evaluated based on
sensitivity, specificity, positive predictive value, and negative
predictive value. Receiver operating characteristic analysis
assessed the predictive capacity for optimal PCI outcomes
(post-PCI FFR 20.88), with the area under the curve (AUC)
comparisons performed using the DeLong method.

Between December 2020 and September 2023,
1,004 patients (1,057 vessels) were enrolled, of whom
88 patients (90 vessels) both resting and
hyperaemic pressure pullbacks. Patient and procedural
characteristics are shown in Supplementary Table 1 and
Supplementary Table 2. The mean resting and hyperaemic
PPG were 0.67+0.14 and 0.63+0.16 (Figure 1A),
respectively, with a mean difference of 0.04 (95% limits
of agreement: -0.23 to 0.15) and a strong correlation
(Figure 1B, Figure 1C). Passing-Bablok regression showed
systematic and proportional differences, with coefficient A
at 0.13 (95% confidence interval [CI]: 0.05 to 0.22) and
coefficient B at 0.86 (95% CI: 0.73 to 0.98). Correlation
between resting and hyperaemic PPG among vessels with
FFR in the grey zone (0.75 <FFR <0.80) is shown in
Supplementary Figure 3. Resting and hyperaemic maximal
pressure gradients correlated strongly, while correlation on

underwent
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Figure 1. Distribution, correlation, agreement, diagnostic performance, and predictive capacity for optimal PCI outcomes
between resting and hyperaemic PPG. A) Distribution of resting and hyperaemic PPG. B) Bland-Altman analysis comparing
resting and hyperaemic PPG. C) Correlation between resting and-hyperaemic PPG. D) The Cohen's Kappa analysis
demonstrated a substantial agreement in CAD pattern classification between resting and hyperaemic PPG. E) Diagnostic
performance of resting PPG, including sensitivity (Sn)y specificity (Sp), positive predictive value (PPV), and negative predictive
value (NPV). F) Comparison of the predictive capacity of resting PPG (orange) and hyperaemic PPG (red) for achieving optimal
PCI (post-PCI FFR >0.88). AUC: area under the curve; CAD: coronary artery disease; CI: confidence interval; LOA: limits of
agreement; PCI: percutaneous coronary intervention; PPG: pullback pressure gradient; SD: standard deviation

the disease extent was moderate (Supplementary Figure 4).
The concordance between resting and hyperaemic PPG
was 82%, with substantial agreement in CAD pattern
classification (Figure 1D). Resting PPG showed good
diagnostic  performance (Figure 1E). Agreement and
diagnostic performance for different PPG cutoffs are shown
in Supplementary Figure 5. A high resting PPG (>0.62) was
associated with higher post-PCI FFR and RFR and correlated
with delta FFR (Supplementary Figure 6). The predictive
capacity of resting PPG for optimal PCI (AUC=0.76) was
similar to hyperaemic PPG (Figure 1F). A comparison of
predictive capacity stratified by vessel type is shown in
Supplementary Figure 7.

This study demonstrated a strong correlation between
resting and hyperaemic PPG and substantial agreement in
CAD pattern classification, suggesting that resting PPG may
serve as a practical alternative to hyperaemic PPG for assessing
CAD patterns. Vessels with a higher resting PPG achieved
greater flow improvement after PCI, with predictive accuracy
comparable to hyperaemic PPG. The agreement between
resting and hyperaemic PPG was approximately 80%, similar
to the concordance observed between NHPR and FFR. Given
its procedural simplicity, shorter duration, and comparable

diagnostic performance, resting PPG presents a practical
alternative to hyperaemic PPG for quantifying CAD patterns.

This study has several limitations. Potential selection
bias may be present, and the predominance of left anterior
descending artery lesions (83%) may limit generalisability.
Additionally, the sample size was relatively small, and
the study only included vessels with FFR <0.80. The
optimal PPG cutoff remains undefined, and the study is
underpowered to detect significant differences in predictive
capacity. Therefore, these findings should be interpreted
as hypothesis-generating, warranting further validation in
larger and more diverse cohorts.

In conclusion, resting PPG demonstrated a high level of
agreement with hyperaemic PPG and was associated with
improved PCI outcomes, with vessels exhibiting a high resting
PPG achieving greater post-PCI FFR and RFR than those
with a low resting PPG.
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Supplementary data

Supplementary Table 1. Baseline clinical characteristics.

Variables Overall
Number of patients, n 88
Age, years (mean + SD) 68.2+9.8
Male, n (%) 66 (75.0)
BML kg/m’ (mean + SD) 27.3+4.8
Dyslipidemia, n (%) 61 (69.3)
Hypertension, n (%) 59 (67.0)
Diabetes mellitus, n (%) 21 (23.9)
Smoking, n (%) 15 (17.0)
Prior PCI, n (%) 50.7)
Prior ML, n (%) 10 (11.4)
Creatinine clearance, ml/min (mean + SD) 73.1 +£25.8
LVEF, % (mean + SD) 61.5+8.3
Clinical presentation, n (%)
Asymptomatic, n (%) 11 (12.5)
Silent ischaemia*, n (%) 5(5.7)
CCS I, n (%) 42 (47.7)
CCS 11, n (%) 22 (25.0)
CCS 11, n (%) 5(5.7)
CCS 1V, n (%) 0(0)
Unstable angina, n (%) 334

* Silent ischemia is defined as asymptomatic patients with a positive non-invasive test.
BMI body mass index. CCS Canadian Cardiovascular Society. LVEF left ventricular ejection
fraction. MI myocardial infarction. PCI percutaneous coronary intervention. SD standard

deviation.



Supplementary Table 2. Angiographic and physiological demographics.

Variables Overall
Number of vessels, n 90
Vessels
LAD, n (%) 75 (83.3)
LCx, n (%) 6 (6.7)
RCA, n (%) 9 (10.0)
With serial lesions*, n (%) 19 (21.1)
QCA analysis
Minimum lumen diameter, mm (mean + SD) 1.6 +£0.54
Reference lumen diameter, mm (mean = SD) 2.7+0.6
Percent diameter stenosis, % (mean = SD) 499+ 159
Pre-PCI physiological analysis
Resting Pd/Pa, (mean + SD) 0.82+0.13
RFR, (mean + SD) 0.75+£0.16
FFR, (mean + SD) 0.66+0.11
Post-PCI physiological analysis
Number of PCI, n (%) 84 (94.4)
Resting Pd/Pa, (mean + SD) 0.94 £0.04
RFR, (mean + SD) 0.91 £0.05
FFR, (mean + SD) 0.87 £0.07

*Serial lesions were site-reported based on angiography alone.

FFR fractional flow reserve. LAD left anterior descending artery. LCx left circumflex artery.
Pa aortic pressure. PCI percutaneous coronary intervention. Pd distal coronary pressure. QCA
quantitative coronary angiography. RCA right coronary artery. RFR resting full-cycle ratio.

SD standard deviation.



1004 patients (1057 vessels) with significant CAD were enrolled in PPG Global registry
between December 2020 and September 2023

11 patients (13 vessels) excluded:

- 1 vessel: Pre-PCIl FFR Pullback < 15 seconds
—» - 7 vessels: Pullback curve artifact

- 4 vessels: Ventricularization

- 1 vessel: Missing the trace

993 patients (1044 vessels) underwent FFR pullbacks

905 patients (954 vessels) excluded:
—»{ - 950 vessels: Missing the NHPR pullback tracings
- 4 vessels: PPG was not analyzable.

88 patients (90 vessels) underwent NHPR and FFR pullbacks

Supplementary Figure 1. Study flowchart.
CAD coronary artery disease. FFR fractional flow reserve. NHPR non-hyperemic pressure

ratios. PCI percutaneous coronary intervention. PPG pullback pressure gradient.
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Supplementary Figure 2. PPG calculation.
PPG combines two parameters extracted from the FFR pullback curve: the maximal pressure
gradient over 20% of the pullback during maximal hyperemia and the length of functional

disease (PPG range: 0 [diffuse] to 1 [focal]).

FFR fractional flow reserve. PPG pullback pressure gradient.
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Supplementary Figure 3. Correlation between resting and hyperaemic PPG among vessels
with FFR in the grey zone.

Vessels with FFR in the gray zone was defined as pre-PCI FFR between 0.75 and 0.80.

CI confidence interval. FFR fractional flow reserve. PCI percutaneous coronary intervention.

PPG pullback pressure gradient.
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Supplementary Figure 4. Correlation of maximum pressure gradients normalised by vessel
gradient and percentage diseased length at rest and during hyperaemia.

The left panel presents the correlation of relative maximum pressure gradient, and the right
panel shows the correlation of percent diseased length.

CI confidence interval. FFR fractional flow reserve. NHPR non-hyperemic pressure ratios.
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Supplementary Figure 5. Agreement and diagnostic performance using different resting
PPG cutoffs.

The top panels show the agreement of functional CAD patterns (left) and diagnostic
performance (right) using the same PPG cut-off of 0.50 for both resting and hyperemic
conditions. The bottom panels show the agreement of functional CAD patterns (left) and
diagnostic performance (right) using separate PPG cut-offs. The resting PPG cut-off of 0.66
was derived from the median value in the present cohort.

CAD coronary artery disease. CI confidence interval. NPV negative predictive value, Sn

sensitivity, Sp specificity, PPG pullback pressure gradient, PPV positive predictive value.
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Supplementary Figure 6. Differences in post-PCI FFR and RFR between focal and diffuse

CAD, and correlation of resting PPG with functional improvement.

The top panels compare post-PCI FFR (left) and RFR (right) between functional CAD

patterns (focal in red, diffuse in blue) classified by resting PPG. The bottom panels illustrate
the correlation of resting PPG with delta FFR (post-PCI FFR — pre-PCI FFR) on the left and

delta RFR (post-PCI RFR — pre-PCI RFR) on the right.

CAD coronary artery disease. CI confidence interval. FFR fractional flow reserve. PCI

percutaneous coronary intervention. PPG pullback pressure gradient. RFR resting full-cycle

ratio.
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Supplementary Figure 7. Predictive capacity of PPG for optimal PCI results, stratified by
vessel type.

Comparison of the predictive capacity of PPG for achieving a functionally optimal PCI
outcome (post-PCI FFR >0.88) between resting PPG (orange) and hyperemic PPG (purple),
stratified by vessel type: LAD (left) and non-LAD (right). Resting and hyperemic PPG
demonstrate similar predictive capacity for optimal PCI outcomes.

AUC area under the curve. CI confidence interval. FFR fractional flow reserve. LAD left
anterior descending artery. PCI percutaneous coronary intervention. PPG pullback pressure

gradient.



