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Abstract

Background There is growing evidence for beneficial
prognostic and economic effects of FFR-guided treatment
of stable coronary artery disease. We sought to evaluate the
real-world use of FFR measurements in patients undergo-
ing elective coronary angiography.

Methods and results We analyzed the data of the
prospective ALKK coronary angiography and PCI registry
including data of 38 hospitals from January 2010 to
December 2013. A total of 100,977 patients undergoing
coronary angiography were included. In 3240 patients
(3.2 %) intracoronary pressure measurement was per-
formed. There was a wide range of use of FFR measure-
ment in the different analyzed ALKK hospitals from 0.1 to
8.8 % in elective patients with suspected or known
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coronary artery disease (median 2.7 %, quartiles 0.9 and
5.3 %), with a successive increase of use over time during
the study period. Overall, it was performed in 3.2 % of
coronary angiographies. Use in patients with three-vessel
disease (2.5 %) and recommendation for bypass surgery
(1.6 %) was less frequent. In procedures without PCI, dose
area product was higher in the FFR group
(2641 cGy x cm?® vs. 2368 c¢Gy x cm?, p < 0.001), while
it was lower in procedures with ad hoc PCI
(4676 cGy x cm” vs. 5143 ¢Gy x cm?, p < 0.001). The
performing center turned out to be the strongest predictor.
Conclusions The use of FFR measurement was very
heterogeneous between different hospitals and in general
relatively low, in particular in patients with multivessel
disease or recommendation for bypass surgery, but there
was a positive trend during the study period. Technically,
FFR measurement was not associated with an increased
periprocedural complication rate.

Keywords FFR - Fractional flow reserve - Coronary artery
disease - Percutaneous coronary intervention - Coronary
artery bypass

Introduction

Over the past two decades, functional assessment of
coronary stenoses using intracoronary pressure guidewires
has become an important diagnostic tool in the catheteri-
zation laboratory. Fractional flow reserve (FFR) has
demonstrated the inaccuracy of angiography for evaluating
the functional significance of coronary lesions with inter-
mediate stenosis [1], and FFR-guidance was associated
with reclassification of revascularization strategy in about
half of the patients [2]. Furthermore, FFR-guided
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percutaneous coronary intervention (PCI) has been shown
to reduce the need for PCI and to improve clinical outcome
and procedural cost-effectiveness [3—6].

Since 2010, based on these data, the guidelines on
myocardial revascularization of the European Society of
Cardiology recommend measurement of FFR when non-
invasive stress imaging is contraindicated, non-diagnostic,
or unavailable [7]. In particular, FFR-guidance of PCI is
recommended for detection of ischaemia-related lesions
when objective evidence of vessel-related ischaemia is not
available [7]. Furthermore, in case of multiple angio-
graphically significant non-culprit stenoses or lesions
whose severity is difficult to assess, liberal use of FFR
measurement is recommended also to decide on the
appropriate treatment strategy [7, 8].

The aim of our study was an evaluation of the real-world
use of intracoronary pressure measurements in unselected
patients with stable coronary artery disease (CAD), ana-
lyzing data from the prospective multicenter ALKK coro-
nary angiography and PCI registry.

Methods
The ALKK coronary angiography and PCI registry

The ALKK (Arbeitsgemeinschaft Leitende Kardiologische
Krankenhausirzte) coronary angiography and PCI registry is
a prospective registry that was initiated in 1992 to monitor
quality control [9]. It contains all consecutive procedures of
the participating hospitals on an intention-to-treat basis
[9-12]. Since 2004, enrolment and some essential informa-
tion in this registry are based on an obligatory quality con-
trol program that has been introduced by German
authorities. Data were obtained using the standardized
questionnaires in 50 participating hospitals, including
information about the medical history (prior coronary
interventions, diabetes, renal insufficiency, etc.), indication
for the procedure, adjunctive antithrombotic therapy, the
procedure itself (target vessel, use of intracoronary pressure
measurement, interventional success rate, etc.), and com-
plications until hospital discharge. The registry has been
approved by the ethics committee of the Landesdrztekam-
mer Rheinland-Pfalz, Mainz, Germany. All data were ana-
lyzed centrally at the Karl Ludwig Neuhaus Datenzentrum,
Ludwigshafen, Germany. The study complies with the
Declaration of Helsinki, and consent for anonymous analysis
of their data was obtained from all patients.

Patient selection

From 2010 to 2013, a total of 256,356 patients underwent
coronary angiography in the 50 ALKK hospitals. We

excluded hospitals with performance of no FFR (n = 6) or
less than five (n = 6) FFR procedures during the study
period. Therefore, 38 hospitals were included into this
analysis. The analysis population consisted of elective
admissions for coronary angiography with a diagnosis of
significant or insignificant coronary artery disease. Patients
with acute coronary syndrome or cardiogenic shock on
admission were excluded from the analysis. Further
exclusion criteria comprised angiographic exclusion of
CAD, primary cardiomyopathy, significant valvular heart
disease, aortic aneurysm with indication for surgery, and
procedures with PCI of chronic total occlusions (Fig. 1).
The analyzed study population was stratified in the
subgroups of patients receiving diagnostic coronary
angiography exclusively, patients undergoing PCI, and
patients with recommendation for bypass surgery. The
subgroups of patients with three-vessel disease and patients
with non-diagnostic stress test were considered as well.

Statistical methods

The patient population is described by absolute numbers
and relative frequencies. Categorical data are presented as
percentages, and distributions of metrical variables are
characterized by median with quartiles, that of age by mean
and standard deviation. The prevalence of binary charac-
teristics was compared between patient groups by Pearson
Chi-squared test, rates of in-hospital events by Fisher’s
exact test. Distributions of metrical or ordinal variables
were compared by Mann-Whitney—Wilcoxon test. The
descriptive statistics were calculated from the available
cases.

Determinants for the use of intracoronary pressure
measurements were analyzed using multivariable logistic
regression. Year of inclusion, center, and gender were
included as factors, age as a linear term. In addition,
clinically reasonable variables that showed a significant
association in the univariate comparison were tested: prior
PCI, prior CABG, diabetes, renal insufficiency, hyperten-
sion, current smoking, CCS classification of angina pec-
toris, and use and results of stress tests. For missing values
in the explanatory variables of regression models, means
were imputed. Predictors that exhibited statistical signifi-
cance in the Wald test were included in the final model.
Adjusted odds ratios (OR) with 95 %-confidence intervals
were calculated, and the values of the log-likelihood ratio
statistic (log-LR) are shown as a measure of the informa-
tion added by each factor when comparing the full model to
that without the respective factor.

A significance level of 0.05 was assumed and all p val-
ues are the results of two-tailed tests. The statistical com-
putations were performed using SAS, version 9.3 (Cary,
NC, USA).
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Fig. 1 Patient selection. Flow
chart of patient selection
according to inclusion and
exclusion criteria and treatment
recommendations. CAD
coronary artery disease, FFR
fractional flow reserve, PCI
percutaneous coronary
intervention, CABG coronary
artery bypass graft, CMP
primary or hypertensive
cardiomyopathy, CTO chronic
total occlusion. Surgical
indication = significant
valvular heart disease or aortic
aneurysm
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Total coronary angiographies (50 centers)

N = 256,356
Exclusion criteria:
Hospital with < 5 FFR N =29,320
Total coronary angiographies (38 centers)
N = 227,036
Exclusion criteria:
Acute coronary syndrome N =76,318
Total elective angiographies (38 centers)
N = 150,718
Exclusion criteria:
CMP, surgical indication N = 23,295
Elective angiographies for suspected CAD
N =127,423
Exclusion criteria:
No CAD N =23,218
Diagnosis of significant or insignificant CAD
N = 104,205
Exclusion criteria:
PCI for CTO N = 3,228
Analysis population
N =100,977
FFR no
performed
yes
N =3,240 N =97,737
Treatment recommendation Treatment recommendation
Conservative N=1,726 Conservative N =48,538
Interventional (PCl) N =1,370 Interventional (PCl) N = 40,280
Surgical (CABG) N =144 Surgical (CABG) N =28,919

Interventional treatment (PCl)

performed ad hoc N =1,268
during admission N =66
recommended only N =36

Interventional treatment (PCI)

performed ad hoc
during admission

recommended only

N =36,714
N=2,112
N = 1,454
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Results

According to the inclusion and exclusion criteria, we
identified 100,977 patients of the German ALKK coronary
angiography and PCI registry as appropriate for this anal-
ysis. Of these, 3240 patients (3.2 %) underwent intra-
coronary pressure measurement with FFR calculation.
There was a wide range in the use of intracoronary pressure
measurement between the different analyzed ALKK hos-
pitals with a minimum of 0.1 %, a maximum of 8.8 %, and
a median of 2.7 % (quartiles 0.9 and 5.3 %) (Fig. 2).
During the study period, there was a continuous increase in
the use of FFR from 2.3 to 4.1 % (p < 0.001) (Fig. 3).

Study population

Clinical characteristics of included patients are summa-
rized in Table 1. Patients undergoing intracoronary pres-
sure measurement were younger, more often male, suffered
significantly less often from arterial hypertension, diabetes,
peripheral artery disease, and renal insufficiency. Patients
with acute heart failure underwent significantly less fre-
quently intracoronary pressure measurement (2.4 vs.
4.0 %, p < 0.001).

Patients undergoing FFR measurement less suffered
from typical angina symptoms (Table 1). This finding was
consistent in the subgroups of patients with three-vessel
disease and patients receiving conservative treatment, PCI,
or CABG, also. The rate of stress test performed before
angiography was somewhat lower in the FFR group (55.1
vs. 59.4 %, p < 0.001), but the rates of pathologic results
of stress testing were not significantly different (47.5 vs.
47.4 %, p = 0.90) (Table 1; Fig. 4).

ALKK Coronary Angiography and PCI Registry 2010-2013
Use of Fractional Flow Reserve

FFR (%)
1

ALKK hospitals

Fig. 2 Use of FFR. Percentage use of FFR is shown for all analyzed
ALKK hospitals. FFR fractional flow reserve, ALKK Arbeitsgemein-
schaft Leitende Kardiologische Krankenhausirzte

ALKK Coronary Angiography and PCI Registry 2010-2013
Annual use of Fractional Flow Reserve

FFR (%)

All
=== CONS

Year

Fig. 3 Annual use of FFR. Percentage use of FFR in elective patients
with suspected or known coronary artery disease for the years
2010-2013, stratified in the subgroups of patients with recommen-
dation for medical therapy (CONS), coronary intervention (PCI), or
bypass surgery (CABG). FFR fractional flow reserve, ALKK
Arbeitsgemeinschaft Leitende Kardiologische Krankenhausérzte

Procedural characteristics

Procedural characteristics of included patients are sum-
marized in Tables 2 and 3. In total, coronary artery disease
was classified as functional significant more frequently in
the FFR group (79.1 vs. 70.4 %, p < 0.001), but the extent
of multivessel CAD was lower in the FFR group (1VD 34.8
vs. 27.5 %, p < 0.001, 2VD 34.5 vs. 28.9 %, p < 0.001,
3VD 30.7 vs. 43.6 %, p < 0.001, left main disease 6.4 vs.
10.3 %, p < 0.001). Analyzing the entire study population,
FFR measurement led to higher rates of recommendation
for conservative treatment (50.6 vs. 47.7 %, p < 0.05) and
lower rates of recommendation for CABG (4.5 vs. 9.4 %,
p < 0.001) while there were no differences in the rate of
PCI (41.5 vs. 40.2 %, p = 0.16).

In procedures without PCI, dose area product
(2641 c¢Gy x cm” vs. 2368 cGy x cm?, p < 0.001) and
the amount of contrast media (110 ml vs. 90 ml,
p < 0.001) were higher in the FFR group. In procedures
with ad hoc PCI, dose area product was lower in the FFR
group (4676 cGy x cm? vs. 5143 ¢Gy x cm?, p < 0.001),
but the amount of contrast media was also higher (180 ml
vs. 170 ml, p < 0.001). This phenomenon was evident in
both single-vessel and multivessel PCI (Table 2).

Subgroup of patients with three-vessel disease
In the subgroup of 29,727 patients with three-vessel dis-
ease, use of FFR was lower when compared with the entire

study population (2.5 vs. 3.2 %). While there were no
differences for the recommendation of a conservative
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Table 1 Patient characteristics

FFR No FFR p value
Number of patients 3240 (3.2 %) 97,737 (96.8 %)
Age 67.9 £ 10.0 69.2 £+ 10.1 <0.001
Male/female 71.1 %/28.9 % 69.1 %/30.9 % <0.05
Diabetes 27.6 % 29.9 % <0.01
Arterial hypertension 84.5 % 87.6 % <0.001
Smoking 42.8 % 43.1 % ns
Hyperlipidemia 71.1 % 71.4 % ns
BMI (kg/m?) 27.8 27.8 ns
Prior PCI 48.8 % 43.1 % <0.001
Prior CABG 6.9 % 14.1 % <0.001
Prior myocardial infarction 213 % 22.1 % ns
Peripheral artery disease 8.2 % 9.9 % <0.01
Renal insufficiency 12.6 % 16.0 % <0.001
Stable angina pectoris <0.001
None 26.0 % 229 %
CCS 1 8.2 % 7.0 %
CCS 11 40.5 % 42.5 %
CCS III 213 % 239 %
Dyspnea 58.5 % 61.3 % <0.001
Acute heart failure 2.4 % 4.0 % <0.001
Noninvasive stress test 55.1 % 59.4 % <0.001
Positive 47.5 % 47.4 % ns
Ambiguous 24.8 % 22.1 % <0.01
Negative 27.7 % 30.5 % <0.05
Angiographic diagnosis
Insignificant CAD 20.9 % 29.6 % <0.001
Significant CAD 79.1 % 70.4 % <0.001
1 vessel disease 34.8 % 27.5 % <0.001
2 vessel disease 34.5 % 28.9 % <0.001
3 vessel disease 30.7 % 43.6 % <0.001

BMI body mass index, PCI percutaneous coronary intervention, CABG coronary artery bypass grafting,
CCS Canadian Cardiovascular Society grading of angina pectoris, CAD coronary artery disease, ns not

significant

treatment approach between the FFR and no FFR group
(30.0 vs. 29.6 %, p = 0.54), performance of FFR mea-
surement was associated more frequently with PCI (59.4
vs. 49.8, p < 0.001), and less frequently with CABG (10.5
vs. 20.6 %, p < 0.001) in this subgroup.

CABG was recommended for 9063 patients (9.0 %)
after coronary angiography. Of these, 144 patients (1.6 %)
underwent FFR measurement. The latter had higher rates of
two-vessel (30.0 vs. 20.0 %, p < 0.01) and lower rates of
three-vessel disease (58.5 vs. 70.5 %, p < 0.01).

Subgroup of patients undergoing PCI

The increase in the use of FFR was most evident for
patients with recommended or ad hoc performed PCI: in

@ Springer

the first 2 years, FFR was associated more frequently with
a recommendation of medical treatment instead of PCI (2.8
vs. 1.9 % in 2010, 3.1 vs. 2.8 % in 2011), while it was vice
versa in the last 2 years (3.6 vs. 4.0 % in 2012, 4.0 vs.
4.4 %) (Fig. 3).

In the subgroup of 40,160 patients undergoing ad hoc
PCI, FFR measurement was used in 1334 patients (3.3 %).
In the FFR group, PCI was performed more frequently in
the left anterior descending artery (LAD) when compared
with the no FFR group, and less frequently in the right
coronary artery (RCA) and the circumflex artery (CX)
(Table 3). PCI was performed in coronary bypasses of
1688 patients, of whom a total of 12 underwent FFR
measurement (0.7 %). In 28,185 patients (67.7 %), PCI
was performed despite non-diagnostic noninvasive stress
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ALKK Coronary Angiography and PCI Registry 2010-2013
Use and Results of Non-invasive Stress Imaging

100
80 o
20 +
0 T T T
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FFR NoFFR| FFR NoFFR| FFR NoFFR| FFR NoFFR
HIM Pathologic Ay CONS el CABG
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Fig. 4 Use and results of noninvasive stress imaging. Use and results
of noninvasive stress imaging in elective patients with suspected or
known coronary artery disease, stratified for the performance of FFR
measurement and the subsequent treatment recommendation. FFR
fractional flow reserve, CONS conservative recommendation, PCI
percutaneous coronary intervention, CABG coronary artery bypass
graft, ALKK  Arbeitsgemeinschaft Leitende Kardiologische
Krankenhausirzte

testing, and 6161 of these patients (21.9 %) had no angina
symptoms either. In the latter two subgroups, FFR mea-
surement was used in 853 patients (3.0 %) and 206 patients
(3.3 %).

The mean number of treated lesions was 1.3 &+ 0.6 in
both the FFR and No FFR group. The group of patients
with FFR measurement had a lower rate of complex
coronary lesions (AHA type >B1) (49.2 vs. 53.3 %, OR
0.85), a higher rate of TIMI 3 flow before (86.3 vs. 73.2 %)
and after intervention (97.3 vs. 95.9 %, p < 0.05), and they
underwent less additional angiographies during the same
hospital stay (2.7 vs. 4.0 %, p < 0.05). There were no
differences in periprocedural complications, but the rate of
major adverse cardiac and cerebrovascular events
(MACCE) was lower in patients undergoing FFR mea-
surement (0.1 vs. 0.6 %, p < 0.05). There were no differ-
ences in bleeding or puncture site complications or in the
rate of acute renal failure (Table 4).

Determinants for the use of FFR

Regression analysis revealed center, year, age, sex, dia-
betes, prior PCI, prior CABG, renal insufficiency, acute

Table 2 Interventional

treatment FFR No FFR p value
Number of patients 1334 (3.3 %) 38,826 (96.7 %)
Femoral approach 80.7 % 73.3 % <0.001
Radial approach 19.0 % 243 % <0.001
Left main 2.6 % 33 % ns
LAD 62.4 % 40.9 % <0.001
CX 18.5 % 27.9 % <0.001
RCA 24.7 % 33.6 % <0.001
Bypass graft 0.7 % 3.8 % <0.001
Ostial lesion 7.0 % 6.7 % ns
Number of treated lesions 1.3+ 0.6 1.3 £06 ns
TIMI 3 flow after PCI 973 % 95.9 % <0.05
Adjunctive medical therapy
Unfractionated heparin 97.8 % 97.4 % ns
LMW heparin 0.7 % 1.4 % <0.05
Fondaparinux 0.3 % 0.2 % ns
Bivalirudin 0.5 % 0.5 % ns
GP IIb/111a antagonist 3.4 % 3.7 % ns
ASA 94.6 % 95.7 % ns
Clopidogrel 88.6 % 89.6 % ns
Ticagrelor 4.7 % 3.7 % ns
Prasugrel 5.7 % 4.8 % ns
Oral anticoagulation 6.4 % 8.0 % ns

LAD left anterior descending artery, CX circumflex artery, RCA right coronary artery, 7IMI thrombolysis in
myocardial infarction, PCI percutaneous coronary intervention, ns not significant
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Table 3 Procedural

characteristics FFR No FFR p value
Conservative/surgical treatment recommendation
Number of patients 1726 (3.4 %) 48,538 (96.6 %)
Contrast media (ml) 110 (80, 150) 90 (60, 120) <0.001
DAP (cG x cm?) 2641 (1571, 4275) 2368 (1400, 3911) <0.001
Patients with single-vessel PCI performed ad hoc
Number of patients 1100 (3.2 %) 33,211 (96.8 %)
Contrast media (ml) 178 (130, 230) 166 (120, 220) <0.001
DAP (cG x cm?) 4728 (2976, 7591) 5118 (3045, 8562) 0.003
Patients with multivessel PCI performed ad hoc
Number of patients 82 (3.5 %) 2233 (96.5 %)
Contrast media (ml) 235 (180, 290) 211 (160, 279) 0.09
DAP (cG x cm?) 4775 (3418, 8159) 7070 (4310, 11,370) <0.001
DAP dose area product
Table 4 In-hospital complications after PCI Table 5 Determinants for the use of FFR
Complication FFR (%) No FFR (%) p value* Variables Log-LR Adjusted 95 % CI
odds ratio
Death 0.1 0.4 0.10
Non fatal myocardial infarction 0.0 0.1 0.42 Age (per decades) 26.96 0.91 0.88-0.94
Non fatal stroke 0.1 0.1 1 Female gender 1.26 0.96 0.88-1.04
MACE 0.1 0.5 0.023 Prior PCI 78.87 1.40 1.30-1.51
MACCE 0.1 0.6 0.028 Prior CABG 183.84 0.42 0.36-0.48
Cardiopulmonary resuscitation 0.1 0.1 1 Acute HF 14.74 0.65 0.51-0.82
Bleeding events 03 03 1 Diabetes 13.51 0.85 0.78-0.93
Puncture site complication 1.0 1.2 0.60 Renal insufficiency 7.26 0.86 0.77-0.96
Acute renal failure 0.1 0.1 1 CCS I vs. no SAP 5.34 1.06 0.92-1.23
Pulmonary embolism 0.0 0.0 1 CCS II/II vs. no SAP 0.93 0.86-1.01
Total in-hospital complications 2.2 3.0 0.10 Year 164.72 - -
Center 1963.66 - -

MACE major adverse cardiac event, MACCE major adverse cardiac
and cerebrovascular event

* Fisher’s exact test

heart failure, and angina as significant determinants for the
use of FFR. The performing center turned out to be the
strongest predictor. Furthermore, prior PCI, and year of
angiography were positive predictors, while age, diabetes,
renal insufficiency, prior CABG, acute heart failure, and
angina CCS II or IIT were negative predictors for the use of
FFR (Table 5).

Discussion

The aim of this study was an evaluation of the real-world
use of intracoronary pressure measurements, analyzing
data of the ALKK coronary angiography and PCI registry.
Since 2010, the European guidelines on myocardial
revascularization recommend the use of FFR when non-
invasive stress imaging is contraindicated, non-diagnostic,

@ Springer

PCI percutaneous coronary intervention, CABG coronary artery
bypass grafting, CCS Canadian Cardiovascular Society grading of
angina pectoris, SAP stable angina pectoris, LR likelihood ratio, CI
confidence interval

or unavailable, as well as in case of multiple angiograph-
ically significant non-culprit stenoses whose severity is
difficult to assess, to decide on the appropriate treatment
strategy [7]. Furthermore, FFR-guided PCI is recom-
mended for detection of ischaemia-related lesion(s) when
objective evidence of vessel-related ischaemia is not
available [7]. These recommendations base mainly upon
the results of two studies: the DEFER and the FAME trial.
In the DEFER trial, deferral of intervention in intermediate
coronary stenoses based on a FFR cut-point >0.75 lead to
an excellent clinical outcome after 5 years [4]. The sub-
sequent FAME trial demonstrated inaccuracy of angiog-
raphy for evaluating the functional significance of coronary
lesions with a 50-90 % diameter stenosis [1], and FFR-
guided revascularization based on a cut-point <0.8
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improved outcome due to a significant reduction of
myocardial infarction [13].

Real-world use of intracoronary pressure
measurements

Interestingly, a main indicator for the use of intracoronary
pressure measurement was the policy of the performing
hospital in our study. The rate of FFR measurement in the
single ALKK hospitals was very heterogeneous with a
range of 0.1-8.8 %, and 12 hospitals not performing FFR
measurement at all (excluded from analysis). Patient
characteristics did not account for the observed differences
between the hospitals. This finding is in line with previ-
ously published data regarding implementation of other
new technologies in the catheterization laboratory [14, 15],
reflecting subjectivity of decision making process despite
an identical scientific database.

During the total study period, the overall rate of FFR
measurement was 3.2 % with a successive increase over
the years. In respect to the existing evidence for both
medical and economic beneficial effects of FFR-guided
intervention [3—6], this is a quite low rate. The reasons for
the rare use of FFR in our study population remain spec-
ulative. However, a reduced workflow in the catheteriza-
tion laboratory due to the additional time required for
measurements, increased procedural costs in the absence of
a cost-covering reimbursement in Germany until the year
2013, adenosine side effects including patient discomfort,
and general skepticism of this technology might be rea-
sonable explanations. It might be assumable that the use of
FFR has increased following implementation of a nearly
cost-covering reimbursement in the year 2014.

While FFR led more frequently to the recommendation
of a medical treatment in the first 2 years of the study when
compared with PCI, this situation was vice versa in the last
2 years. This effect might reflect a change in patient
selection due to a growing evidence and acceptance of
FFR-guidance of PCI during the study period [16]. On the
other hand, the cutoff value for significance changed from
0.75 to 0.8 after publication of the FAME trial [6]. A
temporally delayed implementation of this new cutoff into
daily practice might be another possible reason.

Impact of angina symptoms and stress test results

It is unsurprising that patients in the FFR group suffered
less from angina symptoms as typical and severe angina
symptoms in patients with intermediate coronary stenosis
will provoke an interventional treatment. Nevertheless,
evidence of inducible myocardial ischemia should be a
fundamental prerequisite for revascularization in
stable coronary artery disease [7]. It is important to realize

that in stable coronary artery disease, asymptomatic
patients with a significant mass of ischaemic myocardium
have prognostic benefit from revascularization, while
symptomatic patients with no or little evidence of ischae-
mia have not [17, 18]. Therefore, FFR-guided PCI is rec-
ommended for detection of ischaemia-related lesions when
objective evidence of vessel-related ischaemia is not
available [1, 4, 6]. As expected, the rate of stress imaging
was lower in patients undergoing FFR measurement in our
study. However, there was no significant difference in the
rate of non-diagnostic stress imaging, and PCI was per-
formed in a relevant number of patients without angina
symptoms and non-diagnostic stress test without perfor-
mance of FFR measurement. On the other hand, a relevant
number of patients underwent FFR measurement despite
pathologic results of noninvasive stress imaging. The latter
finding underlines the important advantages in identifica-
tion of distinct culprit lesions for myocardial ischemia
using FFR.

Intracoronary pressure measurements
in multivessel disease

The rate of FFR measurement was even lower in the sub-
group of patients with three-vessel disease (2.5 %), and in
particular very low in patients with a recommendation for
CABG with FFR measurement in only 1.6 % of patients.
This is most worrying, because it was known from the
FAME trial that only 14 % of patients with angiographic
three-vessel disease had functional three-vessel disease,
while 43 % had two-vessel disease, 34 % suffered from
single-vessel disease, and 9 % had no functionally relevant
coronary artery disease at all [1]. Furthermore, it was
demonstrated in patients with multivessel disease that PCI
of hemodynamically nonsignificant stenoses as identified
by an FFR >0.75 can be safely deferred [19], and PCI in
those patients with one or two hemodynamically significant
lesions yielded a similar favorable outcome as CABG in
those patients with three or more culprit lesions despite a
similar angiographic extent of disease [8]. Based on these
data, the European guidelines recommended in case of
multiple angiographically significant stenoses whose
severity is difficult to assess, a liberal use of FFR mea-
surement to decide on the treatment strategy [7]. Accord-
ingly, use of FFR led to reclassification of the
revascularization decision determined by angiography
alone in about half of patients in the R3F study [2].
Interestingly, coronary artery disease was more fre-
quently classified as functional significant using FFR (79.1
vs. 70.4 %, p < 0.001), while the extent of multivessel
CAD was lower. This demonstrates that visual misinter-
pretation of angiography happens to both directions: over-
and underestimation. When compared with angiography-
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guided interventions, PCI was performed more frequently
in the LAD and less frequently in the RCA and CX in the
FFR group. This finding may represent an operator
dependent bias, which might be explained by the prog-
nostic impact of LAD stenosis [20]. On the other hand, this
finding might reflect differences in the results of FFR
measurements in different coronary territories. Indeed, we
recently published data showing systematic higher FFR
values in posterior vessels (RCA and CX) when compared
with anterior vessels (LAD). This would explain higher
PCI rates in the LAD, and we hypothesize an influence of
hydrostatic pressure on intracoronary pressure measure-
ments as reason [21, 22]. Moreover, there is a complex
interactive relationship of coronary flow and pressure [23],
therefore differences in flow could be causal also. Right
and left coronary systems have usually drastically different
subtended myocardial mass [24], and therefore absolute
maximal flow through each of the systems might be vastly
different. According to Poiseuille’s and Bernoulli’s law,
the magnitude of trans-stenotic pressure drop will increase
with increasing coronary flow, and flow is the highest in the
proximal LAD [25]. This aspect might explain discrepan-
cies between the left and right coronary system also. Fur-
ther research is necessary to investigate this phenomenon.

Procedure related aspects of intracoronary pressure
measurements

Even though FFR measurement is an additional procedure
with necessity of a venous femoral sheath in many cases
[26], MACCE rate was slightly lower in the FFR group and
there were no other differences of in-hospital complica-
tions between both groups, in particular there was no
higher rate of bleeding or puncture site complications. For
patients undergoing FFR measurement, the amount of
contrast media was slightly higher (about 10 ml) in all
subgroups, but there were no differences in the already low
rate of acute renal failure. In patients without performance
of PCI, the mean dose area product was higher in the FFR
group. These findings are unsurprising since FFR mea-
surement is an additive diagnostic procedure with necessity
of guidewire positioning. Surprisingly, in patients under-
going ad hoc PCI, the mean dose area product was sig-
nificantly lower in the FFR group. The reason for this
phenomenon remains unclear. It might be speculated that
the use of FFR measurement reduces the number of pre-
and postinterventional angiograms. Even though it is dif-
ficult to quantify the absolute risk caused by radiation
exposure, according to the linear no-threshold model this
finding would implicate a relative increase of risk of long-
term biological damage due to radiation of 11.3 % for the
group of patients without PCI and a relative decrease of
9.1 % for patients with performance PCI [27, 28].
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Furthermore, patients in the FFR group underwent less
additional coronary angiographies in the same hospital
stay.

Interestingly, patients undergoing PCI with FFR mea-
surements had higher rates of post-interventional TIMI 3
flow. This is explained by the higher rate of TIMI 3 flow
before PCI and the avoidance of FFR measurement in more
complex coronary lesions, which have a higher risk of slow
flow or no-reflow after PCI [29]. Indeed, our data showed a
lower rate of AHA type >B1 lesions and a higher rate of
TIMI 3 flow before PCI in the FFR group. On the other
hand, positive effects of adenosine preconditioning in
prevention of no-reflow have been shown for acute
myocardial infarction [30, 31] and for PCI in venous
bypass grafts [32]. It might be possible that adenosine
administration for induction of hyperemia during FFR
measurement is a kind of preconditioning with similar
positive effects on coronary flow. However, this hypothesis
remains speculative to date and needs further investigation.
In this context, it will be interesting to see in the future if
the instantaneous wave-free ratio (iFR), which is a new
adenosine-independent index of coronary stenosis severity
[22, 33], will show comparable results.

Limitations

The data presented reflect the use of intracoronary pressure
measurement in a real-world setting. Due to the concept of
the registry, the study was not randomized and no follow-
up data after demission was available. Registry data did
neither contain the results of intracoronary pressure mea-
surements nor the measured vessel. Accordingly, we were
unable to assess in patients with ad hoc PCI if FFR mea-
surement was performed in the intervened or another ves-
sel. Furthermore, the registry data contained neither data
regarding the kind of stress test performed before coronary
angiography nor data regarding the way of adenosine
administration. In the absence of structured monitoring
regarding information on the angiographic procedure, input
data errors cannot be excluded.

Conclusion

Our analysis shows a relatively rare use of FFR measure-
ment in daily practice, in particular, in patients with multi-
vessel disease or recommendation for bypass surgery. There
was a successive increase during the study period, but FFR
measurement was used very heterogeneously across the
participating hospitals. FFR measurement was not associ-
ated with an increased periprocedural complication rate.
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