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Abstract
Coronary  angiography  is  considered  to  be  the  gold  standard  in  the
morphological  evaluation  of  coronary  artery  stenosis.  The  morphological
assessment  of  the  severity  of  a  coronary lesion is  very subjective.  Thus,  the
invasive  fractional  flow  reserve  (FFR)  measurement  represents  the  current
standard for estimation of  the hemodynamic significance of  coronary artery
stenosis. The FFR-guided revascularization strategy was initially classified as a
Class-IA-recommendation in the 2014 European Society of Cardiology/European
Association  for  Cardio-Thoracic  Surgery  guidelines  on  myocardial
revascularization. Both the Deferral vs Performance of Percutaneous Coronary
Intervention  of  Functionally  Non-Significant  Coronary  Stenosis  and  Flow
Reserve vs Angiography for Multivessel Evaluation studies showed no treatment
advantage for hemodynamically insignificant stenoses. With the help of FFR (and
targeted interventions), clinical results could be improved; however, the use in
clinical practice is still limited due to the need of adenosine administration and a
significant prolongation of the length of the procedure. Instantaneous wave-free
ratio  (iFR®)  is  a  new  innovative  approach  for  the  determination  of  the
hemodynamic significance of coronary stenosis, which can be obtained at rest
without the use of vasodilators. Regarding the periprocedural complications as
well as prognosis, iFR® showed non-inferiority to FFR in the SWEDEHEART and
DEFINE-FLAIR trials. Furthermore, iFR®, enhanced by iFR®-pullback, provides
the possibility to display the iFR®-change over the course of the vessel to create a
hemodynamic map.
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Core tip: Invasive fractional flow reserve measurement represents the current standard
for estimation of the hemodynamic significance of coronary artery stenosis and was
initially classified as a Class-IA-recommendation in the 2014 European Society of
Cardiology/European Association for Cardio-Thoracic Surgery guidelines on myocardial
revascularization. Instantaneous wave-free ratio (iFR®) is a new innovative approach for
the functional evaluation of a coronary stenosis, which can be obtained at rest without
the use of vasodilators. The diagnostic value of iFR® showed non-inferiority compared to
fractional  flow reserve.  It  can  be  enhanced  by  iFR®-pullback,  which  provides  the
possibility  to  display  the  iFR®-change  over  the  course  of  the  vessel  to  create  a
hemodynamic map.

Baumann S, Chandra L, Skarga E, Renker M, Borggrefe M, Akin I, Lossnitzer D.
Instantaneous wave-free ratio (iFR®) to determine hemodynamically significant
coronary stenosis: A comprehensive review. World J Cardiol 2018; 10(12): 267-277
URL: https://www.wjgnet.com/1949-8462/full/v10/i12/267.htm
DOI: https://dx.doi.org/10.4330/wjc.v10.i12.267

INTRODUCTION
The optimal strategy for revascularization of hemodynamically significant coronary
stenosis is an important therapeutic option in patients with coronary heart disease
(CHD)[1].  Despite  being the  gold standard in  the  diagnosis  of  coronary stenosis,
coronary  angiography  has  a  few  limitations.  Sometimes,  the  angiographic
demonstration of  the correct  anatomy is  limited due to  morphologic  deviations;
additionally, visual evaluation of the coronary lesion is subjective and is associated
with large inter-observer variability[2,3].

The  current  standard  for  invasive  assessment  of  a  coronary  lesion  with
hemodynamic significance is the fractional flow reserve-(FFR)-measurement[4]. This
was initially  adopted as  a  Class-IA-recommendation in  the European Society  of
Cardiology/European  Association  for  Cardio-Thoracic  Surgery  (ECS/EACTS)
guidelines of 2014 on myocardial revascularization[5]. Especially with intermediate
coronary  stenoses  and  in  patients  with  a  multivessel  disease,  FFR can  help  the
clinician to assess the severity of the lesion and to formulate the required treatment[5].
Other than the angiographic imaging, FFR provides a direct functional assessment of
coronary stenoses.

Both  the  Deferral  vs  Performance  of  Percutaneous  Coronary  Intervention  of
Functionally Non-Significant Coronary Stenosis and the FAME (Flow Reserve vs
Angiography for multivessel Evaluation) studies could not prove a prognostic benefit
of treating hemodynamically insignificant coronary stenosis through percutaneous
coronary intervention (PCI)[6-8]. Furthermore, long-term analysis of the Deferral vs
Performance of Percutaneous Coronary Intervention of Functionally Non-Significant
Coronary Stenosis study showed that the use of FFR improved the clinical outcome
and lowered the procedural costs[9].

Patients with stable CHD who received FFR-guided PCI along with an adequate
medication  appeared  to  be  more  convalescent  compared  to  patients  on  the
medication-only therapy and were subjected to an emergency revascularization less
frequently  (FAME-II-study[8]).  Additionally,  patients  with  hemodynamically
insignificant coronary stenoses (FFR > 0.80) who received optimal medical treatment
alone showed a very good long-term outcome.

The FFR utilizes the linear relationship between pressure and flow at a point of an
increased  intracoronary  resistance [10].  Assuming  intracoronary  pressure  is
proportional to the flow, a pressure gradient could indicate a lowered blood flow
caused  by  a  coronary  stenosis.  However,  the  intracoronary  resistance  changes
periodically during a cardiac cycle. The periodic variations in resistance emerge from
the interaction between the myocardium and the microvasculature during systole
(high intracoronary resistance, compression of the microvasculature) and diastole
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(low intracoronary resistance, decompression of the microvasculature[11]). To perform
the FFR-measurement, adenosine is administered to the patient to induce a hyperemic
condition in order to achieve a constant blood flow, and FFR can be calculated and
averaged over several cardiac cycles.

Although the clinical and economical benefits of FFR have been proven[7,9], it is only
used in about 6% of patients undergoing PCI for intermediate coronary stenoses (40%-
70% diameter stenosis)[12]. This is due to the high price for a single FFR-wire (600-
800€[13]) as well as the use of adenosine, which is an additional expense. Furthermore,
with  each  coronary  assessment  there  exists  a  certain  risk  of  a  perforation  or
dissection[14] whilst applying the wire. In addition, the assessment time is longer, and
adenosine administration could lead to adverse effects like dyspnea, chest pressure
and discomfort, hypotension, and even atrioventricular blocks. However, vasodilators
offer a pragmatic solution to achieve a constant blood flow and stable perfusion.
Although FFR delivers accurate results and provides valuable information for the
clinician assessing a single stenosis, the process of estimating the severity of each
single stenosis in vessels with multiple lesions is difficult and time consuming[15]. The
hemodynamic effect  of  removing a single stenosis  in complex CHD is  not easily
predictable. The reason for this is an interdependence between multiple lesions in
continuous coronary arteries under hyperemia, leading the examiner to overestimate
a  distal  lesion  and  underestimate  a  proximal  lesion.  Inconveniently,  after  the
treatment of each stenosis,  the segment has to be reassessed by the clinician[16,17].
Therefore,  new  methods  like  iFR®  (“instantaneous  wave-free  ratio”,  Volcano
Corporation, Koninklijke Philips N.V., Amsterdam, The Netherlands) offer a different
approach. iFR®  is based on the hypothesis that a specific time interval during the
cardiac cycle, the diastolic “wave-free” period, can be identified when microvascular
resistance is naturally minimized without the need of hyperemia induced by the
administration of a vasodilator[18]. Next to the two large multicenter studies Functional
Lesion Assessment of Intermediate Stenosis to Guide Revascularization (DEFINE-
FLAIR)[19]  and Swedish Web-Based System for Enhancement and Development of
Evidence-Based  Care  in  Heart  Disease  Evaluated  According  to  Recommended
Therapies (SWEDEHEART)[20], which proved the non-inferiority of iFR® towards FFR,
the  first  meta-analysis  with  23  studies  including 6300  coronary lesions  was  just
recently published. This study verified a significant correlation between iFR® and the
gold  standard  FFR  and  a  good  performance  of  iFR®  identifying  FFR-positive
stenoses [ 2 1 ] .  Besides  FFR,  iFR®  was  just  recently  adopted  as  a  Class-IA-
recommendation  in  the  ECS/EACTS  guidelines  of  2018  on  myocardial
revascularization[22].

PHYSIOLOGICAL PRINCIPLES OF iFR®-ASSESSMENT
iFR®-measurement is based on the physical law outlined by the Hagen-Poiseuille
equation, which describes a laminar flow of an incompressible viscous fluid flowing
through a cylindrical pipe of a constant cross section, which depends on the type of
fluid and the consistency of the pipe[23]. This law is a deviation of Ohm’s Law (U = R ×
I).

P = Q × R
Pressure = Flow × Resistance
ΔP ≈ ΔQ × R
Pressure change ≈ Flow change × Constant resistance
At a constant resistance,  pressure changes are proportional  to change of  flow.

When  administering  a  vasodilator,  the  FFR-measurement  utilizes  this  constant
resistance proportionality,  and the iFR®-index is obtained during a period of the
cardiac cycle (diastole)  when the resistance is  minimal and naturally stable.  The
unique qualities of coronary blood flow result from the proximal pressure changes
through  pulsatile  blood  ejection  as  well  as  peripheral  variations  in  coronary
microcirculation[11].  It  is  not  adequate  to  assess  a  stenosis  severity  by  simply
measuring the drop in maximum or intermediate pressure of the vessel, since the
distal  predominant  pressure  is  affected  by  several  components  and  does  not
necessarily reflect the proximal aortic pressure. The distal predominant pressure is
primarily influenced by the pressure changes in the coronary microcirculation but can
significantly affect the (instantaneous) proportion of pressure and blood flow as an
index of  intracoronary resistance.  Wave intensity  analysis  helps  to  differentiate
between distal and proximal variations[11].

In early systole, pressure rises rapidly without an increase in flow velocity (Figure
1). Accordingly, the index of intracoronary resistance rises as well. The rapid increase
in pressure (without the flow acceleration) develops from adaption of the ejection
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wave within the aorta and the compression wave from the coronary microcirculation.
Quite  the  opposite  happens  in  early  diastole:  Pressure  decreases  while  flow

accelerates,  which  leads  to  a  rapidly  decreasing  intracoronary  resistance  and
absorption of blood into the coronary microcirculation. After this short period of
pressure decrease, the index of coronary resistance is almost minimal and stable, since
neither from the proximal nor from the distal coronary end wave activity is emitted.
This wave-free period prevails over most of the diastole and is the basis for iFR®-
measurement.

FURTHER IMPROVEMENTS
Pressure-derived flow indices like FFR refer to a proportional correlation between
pressure and flow when resistance is constant[24],  which only applies to a specific
period of the cardiac cycle. Manipulations with vasodilators primarily reduce the
systolic component of the resistance and can thus be used to achieve a minimal and
stable value.

Among the advantages of iFR® are a drug-free approach, as well as the ability to
reach  a  higher  flow  velocity  during  the  measurement,  which  allows  a  better
discrimination of hemodynamically significant stenoses. A series of measured and
reproducible  data  are  generated during a  period of  five  consecutive  heartbeats.
Indices of 0.89 or less generated by iFR® are equivalent to the common limit of 0.80 or
less in FFR[4] and serve as an indicator for ischemia (Figure 2). A clinical example is
presented in Figure 3.

To detect the specific time during diastole for the calculation of iFR®, it is necessary
to acquire electrocardiographic signals of the patient. To simplify the assessment
process  it  has  recently  become possible  to  calculate  the index by only using the
pressure  signals,  thus  allowing  the  process  to  be  run  independent  of
electrocardiography  (ECG).  Specific  end-systolic  and  end-diastolic  waveform
characteristics are identified to receive the accurate proximal (Pa) and distal (Pd)
coronary pressure[25].

Regarding the assessment of vessels with multiple lesions, iFR®-pullback offers a
technique  to  create  a  hemodynamic  map of  a  coronary  artery,  which  allows  an
individual estimation of each stenosis. The pullback itself is conducted manually and
detects continuously pressure changes per millimeter for a given length[16,17]. Since the
iFR® is obtained under resting conditions, whereby the autoregulatory mechanisms in
the vessel ensure a stable and constant baseline-flow, serial lesions are not affected by
each other[26].

Baseline physiology offers the opportunity to quantify the impact of each single
stenosis and can, therefore, predict the effect of a treatment of an individual stenosis
within  a  vessel  with  multiple  lesions.  A  hemodynamic  map  via  pullback  can
simultaneously display iFR®-changes over the whole vessel and track down the lesion
with  the  predominant  pressure-loss[16].  Additionally,  it  can  be  overlaid  with
angiographic  imaging  in  order  to  locate  the  exact  physiologically  significant
anatomical site of the narrowings (co-registration)[17].

Other diastolic resting indices, such as the diastolic pressure ratio (dPR) obtained in
different phases of the diastole like dPR25–75  (25% to 75% of diastole) or dPRmid
(midpoint of diastole) along with Matlab calculated iFR® (iFRmatlab) and iFR®-like
indices shortening the length of the wave-free period by 50 and 100 ms (iFR-50 ms and
iFR-100 ms), were compared to the iFR® and found to be numerically identical. Therefore,
all guidelines and cut-off values as well as clinical recommendation can be applied to
these indices[27].

CLINICAL STUDIES ABOUT THE - iFR®-MEASUREMENT
During the  course  of  the  initial  pilot  study Adenosine Vasodilator  Independent
Stenosis  Evaluation (ADVISE),  a  wave-free  period during the  cardiac  cycle  was
identified for  the  first  time,  enabling to  determine stenosis  severity  without  the
administration of vasodilators. It was an international, multicenter, non-randomized
study (Table 1), in which the flow and pressure data from 157 stenoses were collected.
The study revealed a good correlation between the FFR- and iFR®-measurements.
However,  with  only  131  patients,  the  population  was  relatively  small.  In  this
population, the iFR®-index 0.83 showed the best correlation with the FFR-index of
0.80. A subgroup analysis in patients with multivessel disease, similar to the FAME-
study collective, confirmed an excellent diagnostic correlation of 93% between iFR®

and FFR.
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Figure 1

Figure 1  Proximal pressure and distal pressure during a wave-free period (grey shaded).  Courtesy of Volcano
Corporation, Koninklijke Philips N.V. Amsterdam, The Netherlands. Pa: Proximal pressure; Pd: Distal pressure.

The Multicenter Core Laboratory Comparison if Instantaneous Wave-Free Ratio
and Resting Pd/Pa with Fractional Flow Reserve (RESOLVE)-study tried to examine
the diagnostic accuracy of iFR®vs FFR. In the course of this retrospective, multicenter,
non-randomized study, 1593 (81%) out of 1974 lesions were analyzed, as 381 lesions
had to be excluded due to the inadequate image quality.  Despite this,  the result
showed a moderate correlation between iFR® and FFR, with a diagnostic precision of
80.4%.

DEFINE-FLAIR, a leading multicenter, international, randomized, blinded study
designed to prove the non-inferiority of iFR®, reiterated the findings of the previously
mentioned studies. As of now, the available data are based on a 1-year-analysis. The
ongoing study is conducted in 49 places in over 19 countries. Patients were included if
they had at least one angiographically confirmed coronary disease, in which there was
at least one stenosis of a questionable hemodynamic severity. Suitable patients were
randomly assigned to a particular arm at a ratio of 1:1 FFR towards iFR®. The primary
endpoint was the 1-year risk for major adverse cardiac events like cardiovascular
death, nonfatal myocardial infarction, or unplanned revascularization. From January
2014 to December 2015, 2492 patients were included, 1242 in the iFR®- and 1250 in the
FFR-group. The 1-year analysis showed comparable results regarding the endpoints,
confirming the non-inferiority of iFR® towards FFR. The length of the procedure time
was significantly shorter in the iFR®-group (iFR® 40.5 min, FFR: 45.0 min; P < 0.001),
and less patients suffered from adverse effects like angina pectoris and dyspnea (3.1%
vs 30.8%, P < 0.001), mainly because adenosine was not administered. In addition,
when  compared  to  FFR,  this  method  was  identified  as  more  economically
advantageous.

Published at about the same time, Instantaneous Wave-Free Ratio versus Fractional
Flow Reserve to Guide PCI (iFR®-SWEDEHEART) also examined the non-inferiority
of iFR® in the course of a multicenter, randomized, clinical study. The inclusion of
eligible patients was based on the Swedish Coronary Angiography and Angioplasty
Registry. Two thousand thirty-seven patients with a stable angina pectoris or an acute
coronary syndrome were included and randomly allocated in a particular arm (iFR®vs
FFR). Primary endpoint was the 1-year risk for major adverse cardiac effects like
cardiovascular death, nonfatal myocardial infarction, or unplanned revascularization.
Information  about  myocardial  infarction  or  unplanned  revascularization  was
gathered from the web-based register SWEDEHEART. The study was conducted in 15
places (13 in Sweden, one in Denmark, one in Iceland). The patients were recruited
from May 2014 to October 2015. Of these 2037 patients, 1019 received iFR® and 1018
received FFR. Final  analysis  included 2019 patients,  as  18 participants had to be
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Figure 2

Figure 2  iFR® cut-off value and fractional flow reserve-measurement: An iFR®-value of ≤ 0. 89 indicates a
hemodynamically significant stenosis (above, red bars), whereas an iFR®-value of ≥ 0.90 indicates no need for an
intervention (green bar). Accordingly, FFR-indices of ≤ 0.80 lead to a revascularization, whereas FFR-indices of >
0.80 indicate a non-significant coronary stenosis. iFR®: Instantaneous wave-free ratio; FFR: Fractional flow reserve.

excluded because of the adverse effects under adenosine or technical problems.
The 1-year analysis of endpoints confirmed the non-inferiority of the iFR®-method.

Especially in uncertain cases, where iFR® and FFR results differ, the data indicate that
iFR® provides more accurate results. FFR-measurement tends to overrate the severity,
since the vasodilator dependent hyperemia leads to a pressure decrease. The number
of hemodynamically significant stenoses in this trial was much lower than in the
FAME-study population, which only included patients with multivessel diseases. The
iFR®-SWEDEHEART population is a better representation of the reality in clinical
practice, since every patient with the indication for invasive coronary assessment
could be included, independent of coronary status. Additionally, as described by
Tonino and de Bruyne[7], an improvement in the clinical outcome of FFR-guided PCI
was shown.

To compare ECG-independent iFR® calculation and the current method using ECG
and  pressure  signals,  Petraco  et  al[25]  tested  the  only  pressure-dependent  iFR®

algorithm in 320 coronary hemodynamically significant stenoses that were already
included in multicenter studies (ADVISE[18], ADVISE Registry study[28], and a study by
Nijjer et al[17]). The iFR®-indices of both methods correlated highly (r = 0.9997), which
makes the ECG-independent iFR® applicable to the recent results of DEFINE-FLAIR
and SWEDEHEART[25].

Based on the RESOLVE and ADVISE studies, Nijjer et al[17] have conducted a study
(Pre-Angioplasty  Instantaneous  Wave-Free  Ratio  Pullback  Provides  Virtual
Intervention and Predicts Hemodynamic Outcome for Serial Lesions and Diffuse
Coronary  Artery  Disease)  to  create  a  hemodynamic  map  using  the  motorized
pullback with iFR®, questioning if it helps to predict the stent impact in tandem and
diffusely diseased vessels[17]. Thirty-two coronary arteries with two or more stenoses
in 29 patients were assessed and underwent PCI. After physiological mapping, a
computer-aided simulation calculated the best-case PCI effect. First, the virtual and
real-world  stents  were  compared  to  examine  the  predictive  capability  of  iFR®-
pullback. Second, the length of virtual stents, only positioned in areas with a high
iFR®-intensity loss, was compared to the length of real world stents. ΔiFR®(exp) and
ΔiFR®(obs) showed a strong relationship (r = 0.97, P < 0.001), and post-PCI iFR® was
predicted with a 2% ± 1% error. Furthermore, the hereby examined physiological
lesion length was significantly shorter than the anatomical length obtained by QCA
(12.6  ± 1.5  mm vs  23.3  ± 1.3  mm, P  <  0.001)  and the length of  the stent  that  was
implanted in reality (27.5 ± 2.3 mm, P < 0.001).

Another study, published in 2017 by Kawase et al[29] (Residual pressure gradient
across the implanted stent: An important factor of post-PCI physiological results)
evaluated the accuracy of the predicted iFR®-value compared to the iFR® result, which
was observed in reality after PCI. Additionally, they tried to discover potential factors
for  a  failed  prediction.  iFR®  ratios  of  73  lesions  in  71  patients  were  compared
retrospectively before and after the coronary intervention. Pullback was conducted
manually, anatomic lesion length was obtained by QCA, and the cut-off value of a
difference between iFR®(pre) and iFR®(obs) was set at 0.036. The cut-off point was
slightly missed,  with a calculated mean difference of  0.036 ± 0.037,  although the
values correlated adequately (r = 0.756). In the course of a multivariate regression
analysis, only a residual pressure gradient remained as an independent risk factor,
leading to a failed prediction. After subtraction of the residual pressure gradient, the
correlation between iFR®(pre) and iFR®(obs) improved. The only risk factors for a
residual pressure gradient appeared to be a small diameter of the implanted stent and
a high Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease-
score[30], a score that calculates the amount of blood supplied to the myocardium by
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Figure 3

Figure 3  Case of a 69-year-old patient with symptoms of angina pectoris and a history of smoking (30 pack-years).  A: Coronary angiography shows an initial
two-vessel disease with a significant stenosis of the proximal LAD before percutaneous coronary intervention; B: iFR®-measurement was performed in the proximal
LAD (iFR® = 0.63; bolt). FFR: Fractional flow reserve; LAD: Left anterior descending artery; iFR®: Instantaneous wave-free ratio.

the targeted vessel. Kawase et al[29] noted that a larger cohort study could identify
additional factors that have caused a failed prediction. An overview about the most
important current publications is composed in Table 1. Our manuscript is based on
the review of  previous published articles  and did not  involve animal  or  human
subjects. Therefore, neither an ethical approval nor a patient consent was necessary.

LIMITATIONS
The process of advancing the coronary-pressure guide wire in FFR-measurement is
still  occasionally criticized and potentially accompanied by complications, which
similarly constitutes a limitation of iFR®-measurement. This could hinder the regular
clinical use of FFR- or iFR®-measurement.

It is not completely clarified how to proceed in uncertain cases and whether a stress
test with adenosine is indicated. If hyperemia cannot be achieved through adequate
doses, it is possible that the calculated value does not reflect the real FFR[31]. First,
adenosine leads to peripheral vasoconstriction transmitted by pulmonary receptors,
followed by its  immediate  effect  on larger  arteries  that  leads to  a  drop in blood
pressure. This circumstance makes the ratio dependent on the time of measurement[32].
There is a small number of cases where not truly flow-limiting stenoses have led to
acceptable iFR®-gradients but at the same time false positive hyperemic pressure
gradients (FFR)[31]. High incidents of patient related discomfort, like dyspnea, chest
pain,  hypotension,  and  AV-blocks,  or  in  one  recorded  case  even  ventricular
fibrillation[33],  still  remain  a  limitation  of  the  application  of  adenosine[34].  This
limitation can be overcome by an adenosine free assessment like the iFR®.

In  the analysis  about  the accuracy of  the prediction of  post-PCI iFR®,  Kawase
identified the residual pressure gradient as a risk factor for a the failed prediction and
mentioned that its consideration might help the examining clinician[29].

Regarding microvascular diseases, studies could not prove a correlation between
FFR and the index of microvasculatory resistance, an index for the microvascular
status  measured by the  thermodilution technique[35].  This  must  not  be  seen as  a
shortcoming  of  the  FFR  method  since  it  might  rather  show  that  micro-  and
macrovascular diseases are caused by different disease processes[36]. These findings
can be employed on iFR®, since its non-inferiority towards FFR was proven.

Finally, there are currently new studies expected in which the iFR®-technique is to
be subjected to the specific questioning, i.e., the sequential assessment of stenosis. A
reduction  in  costs  is  to  be  expected  due  to  no  administration  of  adenosine  and
shortened procedural time.

CONCLUSION
The  current  standard  of  cardiac  invasive  ischemic  diagnostic  is  invasive  FFR-
measurement,  which was initially adopted as a Class-IA-recommendation to the
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Table 1  Significant instantaneous wave-free ratio-(iFR®)-studies

Advise Verify Clarify Park et
al[39] Resolve Advise in

practice
Indolfi et

al[42]
ADVISE

II
Harle et
al[44]

Van de
Hoef et
al[45]

DEFINE-
FLAIR

iFR®-
SWEDHE

ART

First
author
journal
and year
of
Publicati
on

Sen et
al[18]. J Am

Coll
Cardiol
2012

Berry et
al[37]. J Am

Coll
Cardiol
2013

Sen et
al[38]. J Am

Coll
Cardiol
2013

Park et
al[39]. Int J

Cardiol
2013

Jeremias et
al[40]. J Am

Coll
Cardiol
2014

Petraco et
al[41]. Am
Heart J
2014

Indolfi et
al[42]. Int J

Cardiol
2015

Escaned et
al[43]. J Am

Coll
Cardiol-

Intv 2015

Harle et
al[44]. Int J

Cardiol
2015

Van de
Hoef et

al[45]. Euro-
Interventio

n 2015

Davies et
al[19]. N

Engl J Med
2017

Götberg et
al[20]. N

Engl J Med
2017

Study
design

PC,
multicente

r, non-
randomiz

ed

PC,
multicente

r, non-
randomiz

ed

PC,
multicente

r

PC,
multicente

r, non-
randomiz

ed

RS,
multicente

r, non-
randomiz

ed

PC,
multicente

r, non-
randomiz

ed

PC,
monocent
er, non-

randomiz
ed

PC,
multicente

r, non-
randomiz

ed

PC,
monocent
er, non-

randomiz
ed

PC,
multicente

r, non-
randomiz

ed

PC,
multicente

r,
randomiz

ed

PC,
multicente

r,
randomiz

ed

Countrie
s
(centers)

2 (3) 6 (6) 2 (3) 1 (2) 7 (15) 101 (16) 1 (1) 8 (45) 1 (1) 3 (7) 19 (49) 3 (14)

Included
patients

131 206 51 238 1768 313 82 598 109 228 (iFR®

= 66)
2492 (iFR®

= 1242)
2037 (iFR®

= 1019

Stenoses 157 206 51 238 1974 392 123 690 151 299 (iFR®

= 85)
3183 (iFR®

= 1575)
3004 (iFR®

= 1568)

Hemody
namic
relevant
stenoses
(%)

N/A 134 (65) N/A 103 (43.3) N/A 153 (39) 37 (30.1) 248 (35.9) N/A N/A 451 (28.6) 457 (29.1)

Age in
years ±
SD

62.6 ± 10.2 65.2 ± 10.2 66.2 ± 9.2 62.8 ± 0.6 63.4 ± 10.3 67 ± 11 64 ± 9 63.6 ± 10.8 67 ± 11 58 ± 11 65.5 ± 10.8 67.6 ± 9.6

Men (%) 83.5 71 82.4 68 74.9 79 81.7 68.9 63.9 68 77.5 74.2

Diabetes
mellitus
(%)

54 (34.4) 50 (24) 14 (27.4) 66 (28) 497 (28.1) 94 (30) 14 (17.1) 209 (35) N/A 10 (15) 382 (30.8) 232 (22.8)

Hyperto
nia (%)

88 (56.1) 137 (67) 18 (35.2) 133 (56) N/A 232 (74) 61 (74.4) 471 (78.8) N/A 25 (38) 873 (70.3) 730 (71.6)

Smoking
(%)

34 (21.7) 64 (31) 15 (29.4) 64 (27) 520 (29.4) 160 (51) 49 (59.8) 135 (22.6) N/A 21 (32) 243 (19.6) 159 (15.6)

One-
vessel
CAD (%)

108 (68.8) 85 (41) N/A N/A N/A 113 (36) 50 (61) N/A 75 (69.4) N/A N/A 452 (44.3)

Multi-
vessel
CAD (%)

49 (31.2) 105 (51) N/A N/A 951 (53.8) 197 (63) 32 (39) N/A 33 (30.6) N/A 505 (40.7) 364 (35.7)

Stable
angina
(%)

151 (96.2) 140 (68) N/A 151 (63) 1216 (68.6) 228 (73) 29 (35) 320 (53.5) N/A N/A 986 (79.4) 632 (62.0)

Unstable
angina
(%)

6 (3.8) 46 (22) N/A 84 (36) 255 (14.4) 85 (27) 53 (65) 151 (25.3) N/A N/A 186 (15.0) 211 (20.7)

iFR® cut-
off

0.83 ≤ 0.83 0.86 0.9 0.9 0.9 0.92 0.89 0.896 0.9 0.89 0.89

MACE-
rate after
1 yr
(iFR®vs
FFR, P-
value)

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 6.8 vs 7.0
(P = 0.003)

6.7 vs 6.1
(P = 0.007)

Adverse
events
(iFR®vs
FFR, P-
value)

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.1 vs 30.8
(P < 0.001)

3.0 vs 68.3
(P <

0.0001)
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Diagnost
ic
accuracy
in %
(iFR®vs
FFR)

93 68 92.3 82 80.4 80 81.3 82.5 83.4 N/A N/A N/A

PC: Prospective cohort study; RS: Retrospective study; FFR: Fractional flow reserve; N/A: Not available; MACE: Major adverse cardiac events.

ECS/EACTS  guidelines  of  2014  on  myocardial  revascularization.  Despite  good
existing evidence, the performance of pressure-derived functional assessment in daily
routine is  still  limited.  Here,  iFR®  provides a new innovative approach to assess
coronary stenosis severity without administering vasodilators. Besides FFR, iFR® was
just recently adopted as a Class-IA-recommendation in the ECS/EACTS guidelines of
2018 on myocardial revascularization[22].  Additionally, the eliminated necessity to
record the  electrocardiographic  signals  simplifies  the  procedure  of  the  invasive
functional assessment.

iFR®, extended by iFR®-pullback, can help achieve a better physiological result in
treating  vessels  with  multiple  lesions  by  creating  a  hemodynamic  map.  Since
implanting potentially larger stents to prevent a geographical miss is currently the
standard in treating multivessel disease, a physiologically justified stent length might
therefore be more hemodynamically beneficial for the vessel[16]. Therefore, factors like
a residual pressure gradient and other potential not yet discovered influences that
have led to an inaccurate prediction of post-PCI iFR®  ratio have to be considered.
Large-scale multicenter, randomized studies demonstrated the non-inferiority of iFR®

to FFR, whilst requiring less procedural time, having lower costs, and having a lower
number of patients who suffer from adverse effects due to a spared use of adenosine.
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