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1. INTRODUCTION 

 

Functional assessment of coronary lesions has been well 

investigated and proved to be beneficial in chronic 

coronary syndrome. In ACS patients there is also 

evidence that FFR guidance of revascularization in non-

culprit vessels can improve clinical outcome mainly by a 

decreased need for urgent revascularization later. On the 

other hand, there is limited and equivocal data regarding 

the use of resting indexes in non-culprit vessels of ACS 

cases. It is not completely clarified if resting indexes can 

be used to determine significance of non-culprit lesions in 

ACS and if it is safe to defer revascularization based on a 

negative value.  
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2. OBJECTIVE 

 

Our objective was to determine the correlation of FFR 

and resting Pd/Pa in non-culprit vessels in patients 

immediately after successful primary PCI for STEMI, and 

to compare the respective power of FFR and resting 

Pd/Pa to predict vessel-related untoward events. 
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3. METHODS 

 

3.1. Patients  

 

The Compare-Acute trial enrolled STEMI patients with 

multivessel disease within 12 hours of symptom onset. 

Two groups were randomized in a 1:2 fashion to infarct-

related artery only (IRA-only) and FFR-guided complete 

revascularization, immediately after the successful and 

uncomplicated primary percutaneous intervention of the 

infarct-related artery. FFR and resting Pd/Pa of all non-

culprit vessels with at least 50% diameter stenosis were 

measured in all patients. In the complete revascularization 

group, non-culprit revascularization was decided by FFR 

(cut-off ≤0.80), whereas in the other arm, resting Pd/Pa 

and FFR values were measured but concealed and all 

non-culprit lesions were left without revascularization. 

We compared FFR and resting Pd/Pa in the non-culprit 

vessels and their respective power to predict 3-year 

MACE. Resting Pd/Pa and FFR were measured using 

commercially available pressure wires (St. Jude Medical, 

now Abbott). Intravenous infusion or intracoronary 
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boluses of adenosine at standard doses were used to 

achieve hyperemia. A total of 885 patients were 

randomized in the study, 295 to the FFR-guided complete 

revascularization arm and 590 to the IRA-only group. To 

assess the relative prognostic power of FFR and resting 

Pd/Pa to predict 3-year MACE, we included only patients 

from the IRA-only group (n=517) who had both FFR and 

resting Pd/Pa measured in the non-culprit vessels (target 

vessels in this evaluation). 

 

3.2. Endpoints 

 

Target vessel-related MACE included target vessel 

myocardial infarction (TVMI) and target vessel 

revascularization (TVR) at 36 months in this analysis. 

Cardiovascular death was not included as an endpoint, 

because it is hard to relate it to a specific vessel.  

We compared the respective power of FFR and resting 

Pd/Pa in predicting target vessel-related MACE with 

special attention to cases with discrepant FFR and Pd/Pa 

values. The Clinical Event Committee reviewed all 

reported non-fatal myocardial infarction (MI) events and 
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assigned them to a target or a non-target vessel. In case 

the event (non-fatal MI or non-target vessel 

revascularization) was related to a non-target vessel, it 

was not counted as an event. 
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4. RESULTS 

 

4.1. Patients, vessels, and physiology parameters 

 

517 patients and 665 target vessels were included in our 

assessment. 282 (42.4%) were left anterior descending 

(LAD), 221 (33.2%) were left circumflex (Lcx) and 162 

(24.4%) were right coronary artery (RCA). The 

distribution of FFR and resting Pd/Pa values is shown in 

Figure 1. Median FFR was 0.83 (interquartile range, 

0.14), and median resting Pd/Pa was 0.92 (interquartile 

range, 0.10). 
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Figure 1. Distribution of fractional flow reserve (FFR) 

and resting full cycle distal coronary to aortic pressure 

ratio (Pd/Pa) values. IQR indicates interquartile range. 

(Adapted from Piróth Z, Fülöp G et al. Correlation and 

Relative Prognostic Value of Fractional Flow Reserve 

and Pd/Pa of Nonculprit Lesions in ST-Segment-

Elevation Myocardial Infarction. Circ Cardiovasc Interv, 

2022; 15(2): e010796, p. 5.) 
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4.2 Correlation of FFR and resting Pd/Pa 

 

The scatter plot of FFR and resting Pd/Pa is shown in 

Figure 2. There was a linear correlation between FFR and 

resting Pd/Pa with a Pearson R2 of 0.84 (P<0.01). The 

area under the ROC curve (C statistic) to predict an 

FFR≤0.80 was 0.894 for resting Pd/Pa indicating a good 

correlation [Figure 3].  

Based on ROC curve analysis, the optimal cut-off value 

of resting Pd/Pa to predict an FFR≤0.80 was 0.905 

(Youden index 0.620). 301 vessels (45%) had an FFR 

>0.80 and a resting Pd/Pa >0.91 [true negatives, Figure 2, 

quadrant B], 232 (35%) had an FFR≤0.80 and a resting 

Pd/Pa≤0.91 [true positives, Figure 2, quadrant C]. 85 

(13%) had an FFR >0.80 and a resting Pd/Pa≤0.91 [false 

positives, Figure 2, quadrant D] and 47 (7%) had an 

FFR≤0.80 and a resting Pd/Pa>0.91 [false negatives, 

Figure 2, quadrant A]. Altogether 132 vessels (20%) had 

discrepant FFR and resting Pd/Pa values. The overall 

sensitivity, specificity, positive and negative predictive 

value of Pd/Pa≤0.91 versus FFR≤0.80 were 83.15%, 
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77.98%, 73.19%, and 86.49%, respectively, and the 

overall diagnostic accuracy was 80.15%.   

To achieve a diagnostic accuracy of 90%, 95%, and 99%, 

adenosine was needed in 24.1%, 31.4%, and 74.9% of the 

lesions, respectively.  

Of the 132 vessels with discrepant FFR and resting Pd/Pa, 

57 (43%) were left anterior descending, 34 (26%) were 

left circumflex and 41 (31%) were right coronary arteries. 

Resting and hyperemic measurements of coronary 

physiology of the target vessels were discrepant in 20% in 

the left anterior descending (57/282), 15% in the left 

circumflex (34/221), and 25% in the right coronary artery 

(41/162). The level of diagnostic agreement between 

FFR≤0.80 and resting Pd/Pa≤0.91 had a kappa of 0.60 

(SE 0.031, P<0.001), indicating a moderate level of 

agreement. 
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Figure 2. Scatter plot of fractional flow reserve (FFR) 

and resting full cycle distal coronary to aortic pressure 

ratio (Pd/Pa). (Adapted from Piróth Z, Fülöp G et al. 

Correlation and Relative Prognostic Value of Fractional 

Flow Reserve and Pd/Pa of Nonculprit Lesions in ST-

Segment-Elevation Myocardial Infarction. Circ 

Cardiovasc Interv, 2022; 15(2): e010796, p. 5.)  
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Figure 3. Receiver-operating characteristic (ROC) curve 

for resting full cycle distal coronary to aortic pressure 

ratio (Pd/Pa). FFR indicates fractional flow reserve. 

(Adapted from Piróth Z, Fülöp G et al. Correlation and 

Relative Prognostic Value of Fractional Flow Reserve 

and Pd/Pa of Nonculprit Lesions in ST-Segment-

Elevation Myocardial Infarction. Circ Cardiovasc Interv, 

2022; 15(2): e010796, p. 6.) 
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4.3 Endpoints, the predictive power of FFR versus resting 

Pd/Pa 

 

130 target vessel revascularizations (57 LAD, 43 Lcx, and 

30 RCA) and 14 target vessel-related myocardial 

infarctions (4 LAD, 7 Lcx, and 3 RCA) occurred in 36 

months. 132 vessels were related to an endpoint (TVR 

and/or TVMI). 82 of the 279 (29.4%) target vessels with 

an FFR≤0.80 had an endpoint compared with 50 of 386 

(13.0%) with an FFR >0.80. FFR had a sensitivity, 

specificity, and overall diagnostic accuracy of 62%, 63%, 

and 63%, respectively. 81 of the 317 (25.6%) target 

vessels with a resting Pd/Pa ≤0.91 had an endpoint 

compared with 51 of 348 (14.7%) with a resting Pd/Pa of 

>0.91. Resting Pd/Pa had a sensitivity, specificity, and 

overall diagnostic accuracy of 61%, 56%, and 57%, 

respectively. 

The ROC curves of FFR and resting Pd/Pa in predicting 

36-month TVMI and/or TVR are shown in Figure 5. The 

AUC for FFR and resting Pd/Pa were 0.630 (95% CI, 

0.578–0.682) and 0.608 (95% CI, 0.556–0.661), 

respectively (P=0.20). Based on ROC analysis, the best 
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cut-off values of FFR and resting Pd/Pa to predict 36-

month TVMI and/or TVR were 0.815 and 0.935, 

respectively.  

 

 

Figure 5. Receiver-operating characteristic curves of 

fractional flow reserve (FFR) and resting full cycle distal 

coronary to aortic pressure ratio (Pd/Pa) in predicting 36-

month target vessel myocardial infarction and/or target 

vessel revascularization. (Adapted from Piróth Z, Fülöp G 

et al. Correlation and Relative Prognostic Value of 
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Fractional Flow Reserve and Pd/Pa of Nonculprit Lesions 

in ST-Segment-Elevation Myocardial Infarction. Circ 

Cardiovasc Interv, 2022; 15(2): e010796, p. 8.) 

 

 

4.4 Outcome of vessels with discrepant FFR and resting 

Pd/Pa values 

 

The outcome was analyzed in vessels with discrepant 

Pd/Pa and FFR (i.e., FFR≤0.80 and Pd/Pa>0.91 or 

FFR>0.80 and Pd/Pd≤0.91) [quadrants A and D in Figure 

2]. In these cases, revascularization decisions of non-

culprit vessels would have been different. There was a 

discrepancy in the resting (Pd/Pa) and hyperemic (FFR) 

measurements in 132 of the 665 vessels (20%). In 105, no 

TVMI or TVR occurred, of these, 72 had negative FFR 

and positive Pd/Pa, and 33 had positive FFR and negative 

Pd/Pa [Figure 6a]. In 27, TVMI and/or TVR occurred, of 

these 13 had negative FFR and positive Pd/Pa and 14 had 

positive FFR and negative Pd/Pa [Figure 6b]. FFR was 

better than resting Pd/Pa (P=0.048) to identify which 

nIRA could be safely deferred. The event-free survival 
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curves of the 4 concordant and discordant groups are 

shown in Figure 7. 
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Figure 6a. Non-culprit vessels with discrepant functional 

indexes and no target vessel myocardial infarction 

(TVMI) and/or target vessel revascularization (TVR). 

 



 16 

13 14

0

5

10

15

20

25

-FFR/+Pd/Pa +FFR/-Pd/Pa

 

Figure 6b. Non-culprit vessels with discrepant functional 

indexes with target vessel myocardial infarction (TVMI) 

and/or target vessel revascularization (TVR). 
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Figure 7. Event-free survival curves of the 4 groups 

according to the concordance of fractional flow reserve 

(FFR) and resting full cycle distal coronary to aortic 

pressure ratio (Pd/Pa). (Adapted from Piróth Z, Fülöp G 

et al. Correlation and Relative Prognostic Value of 

Fractional Flow Reserve and Pd/Pa of Nonculprit Lesions 

in ST-Segment-Elevation Myocardial Infarction. Circ 

Cardiovasc Interv, 2022; 15(2): e010796, p. 8.) 
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5. CONCLUSIONS 

 

In STEMI patients and multivessel disease, the functional 

assessment of non-culprit vessels immediately after 

successful primary PCI showed that resting Pd/Pa had an 

80% diagnostic accuracy compared with FFR. In this 

analysis, the best cut-off value of resting Pd/Pa to predict 

an FFR≤0.80 was 0.905. FFR was not significantly better 

than resting Pd/Pa to predict major adverse cardiovascular 

events, but in case the two indexes were discrepant, FFR 

was superior in identifying which non-culprit lesions 

could be safely deferred. 

 

 

 

 

 

 

 

 

 

 



 19 

8. BIBLIOGRAPHY OF THE CANDIDATE’S 

PUBLICATIONS RELATED TO THE THESIS: 

 

1. Piróth Z*, Fülöp G*, Boxma-de Klerk BM, 

Abdelghani M, Omerovic E, Andréka P, Fontos G, 

Neumann FJ, Richardt G, Smits PC. Correlation and 

Relative Prognostic Value of Fractional Flow Reserve 

and Pd/Pa of Nonculprit Lesions in ST-Segment-

Elevation Myocardial Infarction. Circ Cardiovasc 

Interv, 2022; 15(2): e010796. 

*Dr Piróth and Dr Fülöp were both primary authors. 

2. Piróth Z, Boxma-de Klerk BM, Omerovic E, Andréka 

P, Fontos G, Fülöp G, Abdel-Wahab M, Neumann FJ, 

Richardt G, Abdelghani M, Smits PC. The Natural 

History of Nonculprit Lesions in STEMI: An FFR 

Substudy of the Compare-Acute Trial. JACC 

Cardiovasc Interv, 2020; 13(8): 954-961. 

3. Fülöp G, Csanádi B, Fülöp D, Piróth Zs. Többszörös 

coronaria léziók és diffúz coronaria betegség 

funkcionális értékelése. [Functional assessment of 

serial coronary lesions and diffuse coronary disease.] 

Orv Hetil, 2022; 163(48): 1902-1908. 



 20 

BIBLIOGRAPHY OF THE CANDIDATE’S 

PUBLICATIONS UNRELATED TO THE THESIS: 

 

 

1. Piróth Z, Fülöp G, Csanádi B, Fontos G, Andréka P, 

Nyolczas N, Szolnoky J. A háromér-betegség kezelése 

a FAME-3 vizsgálat eredményeinek tükrében. 

[Treatment of triple-vessel disease in light of the result 

of FAME-3 trial.] Orv Hetil, 2022; 163(26): 1032-

1036. 

2. Becker D, Soos P, Berta B, Nagy A, Fulop G, Szabo 

G, Barczi G, Belicza E, Martai I, Merkely B. 

Significance of off-hours in centralized primary 

percutaneous coronary intervention network. Croat 

Med J, 2009; 50(5): 476-482. 

3. Becker D, Maurovich-Horvat P, Barczi G, Szabó G, 

Fülöp G, Nagy A, Molnar L, Apor A, Belicza E, 

Merkely B. Life after coronary stent thrombosis. Med 

Sci Monit, 2009; 15(5): CR 236-241. 

4. Merkely B, Tóth-Zsamboki E, Becker D, Beres BJ, 

Szabó G, Vargova K, Fülöp G, Kerecsen G, Preda I, 

Spaulding C, Kiss RG. Very late drug-eluting stent 



 21 

thrombosis after nonsteroidal anti-inflammatory drug 

treatment despite dual antiplatelet therapy. Can J 

Cardiol, 2009; 25(4): 229-232. 

5. Fülöp G, Berta B, Merkely B. A gyógyszerkibocsátó 

sztentekkel kapcsolatos legújabb információk. [Most 

recent data on drug-eluting stents.] Lege Artis Med 

2008; 18(1): 39-42.  

6. Szabó Gy, Laczkó Á, Becker D, Molnár L, Fülöp G, 

Szilágyi Sz, Szeberin Z, Acsády Gy, Merkely B. 

Kardiogén sokkal szövődött miokardiális infarktus 

primer PCI-t követő intraorticus ballonpumpa 

kezelése bilateralis arteria iliaca communis elzáródás 

miatt bal arteria axillaris felőli behelyezéssel. 

[Intraaortic ballon pump treatment after primary PCI 

for myocardial infarction complicated by cardiogenic 

shock with insertion from left axillary artery due to 

bilateral iliac artery occlusion.] Cardiol Hung, 2007; 

37(4): 276-278.  

7. Szilágyi S, Merkely B, Zima E, Kutyifa V, Szucs G, 

Fülöp G, Molnár L, Szabolcs Z, Gellér L. Minimal 

invasive coronary sinus lead reposition technique for 



 22 

the treatment of phrenic nerve stimulation. Europace, 

2008; 10(10): 1157-1160. 

8. Szilagyi S, Merkely B, Roka A, Zima E, Fulop G, 

Kutyifa V, Szucs G, Becker D, Apor A, Geller L. 

Stabilization of the coronary sinus electrode position 

with coronary stent implantation to prevent and treat 

dislocation. J Cardiovasc Electrophysiol, 2007; 18(3): 

303-307. 

9. Becker D, Szabó G, Gellér L, Hüttl K, Kerkovits G, 

Fülöp G, Acsády G, Merkely B. ST- elevációval járó 

akut myocardialis infarctus primer percutan coronaria 

intervencióval történó ellátása [Treatment of acute ST-

elevation myocardial infarction with primary 

percutaneous coronary intervention]. Orv Hetil, 2004; 

145(12): 619-623. 

 

 


