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Abstract: Background: This study aimed to assess the stability of pressure derived fractional flow reserve (FFR)
measurement and the handling performance of the OptoWire Deux with an optical pressure sensor relative to
the PressureWire X with piezo resistive pressure sensors. Methods: This multicenter centre observational study
included 50 patients between June 2017 and November 2018 undergoing a diagnostic coronary angiography with
FFR measurement of moderate to severe lesions. The reliability of FFR measurement measured with the OptoWire
Deux relative to the PressureWire X in each lesion was assessed by the presence of drift. Handling characteristics
for both pressure wires were assessed by a 5-point scale and by comparing the time between equalization and
crossing the distal target lesion. Results: Hundred and sixteen measurements in 50 patients were performed. Very
stable and reliable FFR measurements with the optical sensors were registered, relative to the piezo resistive
pressure sensors. There is statistically significant difference in favor of the OptoWire Deux over the PressureWire X
(P=0.001). However, the differences are small, when drift values were compared as continuous variables, no statistically significant difference was found for both directional (P=0.435) as for absolute drift (P=0.058). Conclusions:
In patients undergoing FFR measurement, both optical sensor pressure wires (Optowire Deux) as piezo resistive
sensor pressure wires (PressureWire X) generate stable and reliable pressure and thus FFR measurement. The
optical pressure sensor is less susceptible for drift relative to the piezo resistive pressure sensor, but the difference
is within an acceptable range.
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Introduction
Pressure derived fractional flow reserve measurement (FFR) is an objective and quantitative
assessment of the functional severity of a coronary artery stenosis during cardiac catheterization using a hyperemic stimulus. The concept
was first described by Pijls et al. [1]. In the
decades following the DEFER, FAME 1 and
FAME 2 studies provide strong evidence that
systematic use of FFR for evaluation of angiographically intermediate lesions to guide revascularization improves outcome and is desirable
from economical point of view [2-5]. It is safe to
defer treatment with an FFR value >0.80 with
an excellent long-term prognosis reflected in a
rate of death and myocardial infarction (MI) of

0.6%/year [2-4, 18]. The results of the DefineFlair and Swede-Heart studies showed a noninferiority of the non-hyperemic resting index
iFR versus FFR [6, 7, 16, 17]. These large and
well conducted trials only add up the amount
of evidence in favor of using the physiological
assessment of moderate coronary stenoses.
Since 2010, FFR has a Class Ia recommendation of the European society of Cardiology for
the severity assessment of intermediate coronary lesions.
Hence, a reliable pressure measurement is the
corner stone for assessing physiological severity of intermediate lesions both for FFR as for
non-hyperemic resting indices. Nonetheless,
there are a few pitfalls for a reliable measure-
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ment: procedural-related (variability of the aortic pressure transducer height, inappropriate
pressure wire calibration, not removing the
needle guidewire introducer, contrast medium
in the catheter, excessive intubation of the
guide catheter in the coronary ostium…) and
pressure wire-related (temperature-mediated
or temporal-mediated). These are all potentially
causes of the pressure measuring error phenomenon we call drift [15, 19, 20]. During the
last 20 years, efforts have been made by the
manufacturers of electronic pressure wires
to decrease drift. Despite improvements, this
phenomenon still occurs. Therefore, there is a
clinical need for a pressure wire providing reliable pressure measurements with minimal
pressure drift and whose performance would
approximate a standard angioplasty workhorse
wire. This becomes even more important with
the increasing use of resting indices. Opsens
Inc. has developed a pressure wire with an optical pressure sensor: the OptoWire deux. It has
been hypothesized that this design would lead
to less undesired drift [12, 14]. To date, a systematic study to monitor drift for different pressure wires has never been tested to the best
of our knowledge. Therefore, we prospectively
studied both the drift phenomenon and the
handling characteristics of the optical sensor
pressure wire (OptoWire Deux) versus the most
frequently used piezo resistive electrical sensor pressure wire (PressureWire X).
Methods
Study population
We performed a multicenter prospective study
of FFR measurements in 50 patients. A total of
48 lesion assessments were included in the
analysis. Each lesion was assessed by both the
piezo resistive sensor pressure wire (PressureWire X) and the optical sensor pressure wire
(OptoWire Deux). All measurements were performed by four different operators. Each operator tested the two devices for handling characteristics, presence of drift and disconnection/
reconnection capability. A FFR measurement
was performed on intermediate lesions in native coronary arteries. Patients with type C
lesions, prior-coronary artery bypass grafting,
total occlusions, (expected) need for atherectomy device and lesions with angiographic haziness or suspected thrombus were excluded.
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The study was approved by the local ethics
committee and conformed to the Declaration
of Helsinki on human research. Written informed consent was obtained from all study patients.
Procedure
All coronary angiography procedures were performed using radial or femoral route with 6Fr
guiding catheters for the physiological assessment. Heparin was administered (70 units/kg).
All patients received intracoronary nitrates (isosorbide dinitrate 1-2 mg). The first type of pressure wires was randomly assigned to the patient, followed by a second measurement by
the second type of pressure wire. Fifty pressure
wires with an optical pressure sensor (OptoWire
Deux-Opsens medical, Quebec, Canada) and
50 pressure wires with a piezo resistive pressure sensor (PressureWire X-Abbott, Illinois,
United States) were used. Each of the four
operators (each operator has a minimal volume
of >300 percutaneous coronary interventions
per year as a primary operator) equally tested
the two devices for presence of drift, disconnection/reconnection capability, and handling
characteristics.
A FFR measurement was performed on intermediate lesions in native coronary arteries. The
electrical sensor pressure wires were flushed
with saline and stabilized on a flat surface 3
minutes before use. Pressure wire equalization
was performed with the pressure sensor 1 mm
distal to the guiding catheter. A stabilization
interval of 30 seconds was admitted and a Pd/
Pa value afterwards of 1.0 was mandatory.
Following equalization, the wire was advanced
and positioned distal to the target lesion. The
measurement of FFR was performed with intravenous adenosine (140 μg/min/kg). After FFR
measurement a pullback was performed and
Pd/Pa was measured again with the pressure
sensor 1 mm distal to the guiding catheter tip;
at the location of the initial equalization with
the same baseline conditions as described
above. Pressure drift was defined in two different ways: the Pd/Pa post stabilization minus
the Pd/Pa after pullback being >0.02 and Pa
minus Pd after pullback being >3 mmHg.
Thereafter, successful disconnection/reconnection was tested.
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Table 1. Demographics of the study population

Age (years)
Male
Tobacco use
Familial history
Hypertension
Dyslipidemia
Diabetes mellitus*
Atrial fibrillation
Congenital Heart Failure
Previous MI
Previous CABG
Previous PCI
Previous TIA/stroke
Clinical presentation
Stable angina/silent ischaemia
Unstable angina
N-STEMI
STEMI
Other∑

Study patients
(n=50)
66±9
39 (78)
12 (24)
25 (50)
35 (70)
40 (80)
6 (12)
1 (2)
1 (2)
9 (18)
1(2)
18 (36)
3 (6)
41 (82)
2 (4)
3 (6)
1 (2)
3 (6)

Values expressed as n (%) or mean ± standard deviation.
Data was missing for a number of variables: previous
TIA/stroke (n=1), atrial fibrillation (n=1), congenital
heart failure (n=2), previous CABG (n=2), familial history
(n=3). *Diabetes mellitus was treated in 6 patients using either oral hypoglycemic treatment (n=3) or insulin
(n=3). ∑Patients were treated for decompensation (n=1),
asymptomatic left ventricular dysfunction (n=1), and
pre-operatively for aortic valve replacement (n=1). Abbreviations: CABG, coronary artery bypass graft surgery;
MI, myocardial infarction; N-STEMI, Non-STEMI; PCI,
percutaneous coronary intervention; STEMI, ST-elevation
myocardial infarction; TIA, transient ischaemic attack.

All measurements were performed after withdrawal of the needle and flushing the guiding
catheter with saline to avoid interference of
blood/contrast in the catheter and contrast
induced hyperemia.
The handling performance was assessed by
scoring each wire relative to the same investigator’s own perception on a five-point scale:
superior, better, equal, minor or inferior with
respect to the other wire. The following characteristics were scored: overall, torquability, steerability, pushability and support. The time
needed to position the pressure wire from the
equalization position till the distal region of the
target lesion was recorded as well.
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Statistical analysis
Data are expressed as mean (± standard deviation, SD) or median with interquartile range
as appropriate. Student’s T test or the MannWhitney U test were used for comparison of
continuous variables as appropriate. For comparison of categorical data the Chi-square test
was used. A P-value less than 0.05 was considered statistically significant, and applicable
tests were always two-sided. All analyses were
conducted using SPSS 25 software (IBM corporation, Armonk, NY).
Results
Baseline characteristics
Fifty patients underwent a physiological study
at the hospital Ziekenhuis Oost-Limburg, Belgium and at the hospital‘s Hertogenbosch, the
Netherlands, between June 2017 and November 2018. The study population was predominantly male (78%) and almost all measurements were performed in patients planned for
elective coronary angiography for stable angina
or silent ischemia on their non-invasive stress
test (82%). All 50 patients had at least one cardiovascular risk factor and 12% of the population had diabetes (Table 1). The characteristics
of the different interrogated lesions are illustrated in Table 2.
Results of the pressure study
A total of 58 coronary arteries in 50 patients
undergoing coronary angiography were prospectively included and analyzed in this study.
In 42 of the patients only 1 vessel was measured, 2 vessels were measured in 7 patients,
and 3 vessels were measured in 1 patient.
Overall initial Pd/Pa ratio before equalization
was 1.02±0.06 and after equalization Pd/Pa
had a median value of 1.01±0.03 (Tables 3, 4).
For the primary study endpoint, the pressure
drift phenomenon was defined in two ways with
cut-off points. For both definitions of drift, there
is a statistically significant difference between
the two wires in favor of the Optowire Deux.
Pd/Pa post stabilization minus the Pd/Pa after
pullback being different from 1.00±0.02 was
observed in 24% of the measurements (Op-
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Table 2. Characteristics of different coronary vessels measured using pressure wire technology
First vessel (n=50)

Second vessel (n=7)∑

Third vessel (n=1)∑

35 (70)
6 (12)
8 (16)
1 (2)
60±8 (60)

4 (57)
1 (14)
2 (29)
72±6 (70)

1 (100)
-

13 (28)
26 (55)
7 (15)
1 (2)

6 (86)
1 (14)
-

1 (100)
-

9 (19)
26 (55)
10 (21)
2 (4)
6±0 (6)

2 (29)
3 (43)
2 (29)
6±0 (6)

1 (100)
6±0 (6)

Coronary vessel involved
Left Anterior Descending artery
Circumflex artery
Right coronary artery
Other*
Diameter stenosis (visual estimation)
Vessel tortuosity
None
Mild
Moderate
Severe
Calcification
None
Mild
Moderate
Severe
Catheter size (French)

Values expressed as n (%) or mean ± standard deviation (median). Abbreviations: LAD, left anterior descending coronary
artery; CX, circumflex artery; RCA, right coronary artery. *Other vessel specified as AL/FB (n=1). ∑In seven patients the same
pressure wire was used in a second vessel. In one patient, the same pressure wire was used in a third vessel.

Table 3. Overall pressure wire measurements with both devices
Pd/Pa prior to equalization
Pd prior to equalization
Pd/Pa post stabilization
Pd post stabilization
Time from equalization to desired destination (sec)
FFR measurement possible
FFR
Pd post adenosine
Post Pd/Pa
Post Pd
Post Pa

Total measurements (n=116)
1.02±0.06 (1.02)
88.81±12.64 (88.0)
1.01±0.02 (1.0)
88.12±12.80 (87.0)
39±43 (25) [13-45]
116 (100)
0.81±0.11 (0.83)
66.21±14.85 (66.5)
1.00±0.02 (1.00)
83.44±14.31 (84.00)
83.88±14.34 (84.58)

Values expressed as n (%) or mean ± standard deviation (median) or n (%) or interquartile range [iQR].

towire Deux 6/57 or 11%-Pressurewire X 21/57
or 37%; P=0.001) or Pa minus Pd after pullback
>3 mmHg was observed in 11% of the measurements (Optowire Deux 0%-PressureWire X
21%; P=0.001) (Table 5). However, when we
consider the pressure drift as a continuous
variable, there is no statistically significant difference between the two wires both. Directional
drift (positive and negative drift) did not differ
significantly between the 2 wires. Absolute drift
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showed no statistically significant difference
(Figures 1, 2).
For the secondary endpoint, the median time
to bring the pressure sensor from the tip of
the guiding to the target zone after crossing
the first target was not statistically different
between the two pressure wires was (Figure 3).
We have comparable results for the second
vessel measurement (Figure 4). After equaliza-
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Table 4. Pressure measurements in the different devices
Pd/Pa prior to equalization
Pd prior to equalization
Pd/Pa post stabilization
Pd post stabilization
Time from equalization to desired destination (sec)
FFR measurement possible
FFR
Pd post adenosine
Post Pd/Pa
Post Pd
Post Pa
Pd minus Pa
Pd/Pa post stabilization minus Pd/Pa post

Pressure wire 1 (n=58)
1.04±0.05 (1.05)
90.16±12.22 (89.0)
1.01±0.03 (1.00)
86.77±13.73 (86.00)
35±38 (26) [13-45]
58 (100)
0.81±0.10 (0.83)
65.81±13.00 (63.00)
1.00±0.01 (1.00)
83.59±14.23 (85.00)
83.74±14.45 (85.00)
0.55±0.67 (0.00)
0.01±0.02 (0.01)

Pressure wire 2 (n=58)
1.00±0.06 (0.99)
87.47±13.02 (88.00)
1.01±0.02 (1.00)
89.45±11.77 (88.50)
43±48 (25) [15-47]
58 (100)
0.82±0.11 (0.83)
66.60±16.61 (68.50)
0.99±0.03 (1.00)
83.29±14.53 (83.00)
84.03±14.35 (84.02)
1.76±2.43 (0.70)
0.03±0.04 (0.01)

Values expressed as n (%) or mean ± standard deviation (median) or n (%) or interquartile range [iQR].

Table 5. Drift analyses with cut-off points. Drift was
either defined as the PdPa post-stabilization minus the
post PdPa (drift definition 1) or as post Pd minus post
Pa with a cut-off value of 3 mmHg (drift definition 2)
Total (n)
Drift definition 1
Drift
No drift
Total
Drift definition 2
Drift
No drift
Total

27
87
114
12
102
114

Pressure Pressure
P-value
wire 1 (n) wire 2 (n)
0.001
6
21
51
36
57
57
<0.001
0
12
58
44
58
56

Values expressed as n. Drift was defined either as the PdPa poststabilization minus the post PdPa (drift definition 1) or as post Pd
minus post Pa with a cut-off value of 3 mmHg (drift definition 2).

tion, the wire was successfully advanced in all
cases. The mean FFR value was 0.81±0.11
(0.83).
For the handling characteristics, we refer to
Figure 5. No statistically significant differences
were found for pushability (P=0.141) and support (P=0.276). On the other hand, torquability
(P=0.001), steerability (P=0.001) and the overall performance (P=0.018) did differ significantly in favor of PressureWire X.
The number of pressure wires used (P=0.558)
and the number of re-equalizations (P=0.13)
did not differ significantly.
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Discussion
The main study findings are: (1) the optical sensor pressure wire OptoWire Deux
gives reliable results with no significant
difference in absolute or directional pressure drift in comparison to the conventional piezo resistive pressure sensor wires and significant less drift phenomenon
when defined as a cutoff value; (2) the
handling characteristics of both wires are
equally performant with no significant difference in time from equalization to reach
the target distal vessel after crossing the;
and (3) non-blinded handling performance
scoring of the different wires showed no
difference for pushability and support and
a slight better score for torquability and
steerability in favor of the Optowire Deux.
Pressure drift (PD) is, even with the impressive
technical developments over the last 20 years,
still a common phenomenon. It is often defined
as a mean aortic pressure minus mean distal
pressure measured after pullback at the tip of
the guiding of >3 mmHg. A recent large study
with the St. Jude Medical piezo resistive pressure sensor Pressure Wire Certus reported a
significant drift phenomenon (≥4 mmHg) in
11.8% of the cases and a small drift (PD ≤3
mmHg) frequency in 39.3% of the cases [8].
It is generally accepted that a PD >4 mmHg
makes a re-measurement mandatory. The phenomenon of small drift does not have a significant impact. A recent study showed that it does
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Figure 1. Directional drift comparison between pressure wire 1 and 2 for measurements performed in the first vessel. No statistically significant difference (median pressure wire 1: 0.0 [IQR; -0.01 to 0.0], median pressure wire 2:
0.0 [IQR; -0.04 to 0.0], P=0.435) was found for directional drift between the two wires.

Figure 2. Absolute drift comparison between pressure wire 1 and 2 for measurements performed in the first vessel.
No statistically significant difference (median pressure wire 1: 0.01 [IQR; 0.0 to 0.01], median pressure wire 2: 0.01
[IQR; 0.0 to 0.04], P=0.058) was found for absolute drift between the two wires.

not changed the decision when FFR value is
<0.76 or >0.82, it only changes for the FFR in
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between the classification in 18.7% of the
cases but not in a single patient did the value
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Figure 3. Comparison of the time required from equalization to the desired destination between the two pressure
wires in the first coronary vessel measured. No statistically significant difference (median pressure wire 1: 13.0
[IQR; 6.0 to 33.0], median pressure wire 2: 14.0 [IQR; 9.5 to 22.5], P=0.418) for the time it takes to reach and cross
the lesion was found between the two pressure wires.

shift from above the upper limit of the grey zone
(0.76-0.80) to below the lower limit or vice
versa [8]. The small PD phenomenon does
have a more important impact when you mea-
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sure resting gradients, because the signal to
noise ratio during hyperemia is 2.5 to 3.0-fold
higher compared to resting gradients. As a consequence, it can be expected to be more vul-
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Figure 4. Comparison of the time required from equalization to the desired destination between the two pressure
wires in the second coronary vessel measured. No statistically significant difference (median pressure wire 1: 31.0
[IQR; 13.0 to 35.0], median pressure wire 2: 24.5 [IQR; 10.5 to 71.8], P=0.943) for the time it takes to reach and
cross the lesion was found between the two pressure wires.

nerable to the influence of drift [9]. It may cause stenosis misclassification, especially when
indices values are close to their cutoff values. A
recent study showed that a pressure wire drift
of ±2 mmHg causes stenosis misclassification
49

in all contemporary-used pressure-derived indices, in particular when close to the cutoff value.
The effect of drift originating from changes in
distal pressure resulted in reclassification in
21%, 25% and 33% with FFR, iFR, and wholeAm J Cardiovasc Dis 2022;12(1):42-52
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surements (according definition of binary cutoff respectively Pd minus Pa after pullback >3 mmHg vs Pd/Pa after stabilization minus Pd/Pa
after pullback). These results
are in line with the previously
observed pressure drift in the
Certus wire [8]. Most of the
cases were just borderline
significant drifts which did
not lead to a re-measurement
(especially since FFR was
<0.76 or >0.82. The observed
differences in pressure drift
are attributable to small differences just beyond the 3
mmHg treshold. We observed
significantly more drift in the
piezo resistive sensor systems
(21/57-37%) compared to the
optical sensors (6/57-11%;
P=0.004) using the Pd/Pa
after stabilization minus Pd/
Pa after pullback >0.02 (Table
5). Theoretically, it is suggested that the optical signal is
not affected by the presence
of moisture. The design of the
OptoWire deux minimizes the
impact of moisture induced
stress that may otherwise
lead to undesired PD.
Figure 5. Comparison of the performance of pressure wire 1 (A) and 2 (B),
evaluated according to several characteristics: overall performance, pushability, steerability, support, torqueability. No statistically significant differences were found for pushability (P=0.141) and support (P=0.276). On the
other hand, torqueability (P=0.001), steerability (P=0.001) and the overall
performance (P=0.018) did differ significantly in favor of pressure wire 1.

cycle Pd/Pa, respectively. FFR and iFR are
reported to be less susceptible to drift than
whole-cycle Pd/Pa [11, 13].
Despite a very strict protocol to prevent the
procedure-related causes of pressure drift phenomenon (rigorous flushing of the piezo resistive pressure sensors before procedure, adequate zero, 30 s interval to see a stable value
after equalizing, extraction of introducer needle
when checking for drift and flushing the guiding catheter with water) and thus be able to
see the pressure-wire related causes of drift,
we observed PD in 11% to 24% of all our mea-
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Overall, the OptoWire deux
scores better with respect to
steering- and torque characteristics than the piezo resistive sensor pressure wires
and equally with respect to
pushability and support characteristics. As
opposed to electric pressure sensors, the
OptoWire deux uses an optical pressure sensor
that requires only a single fiber, which runs
along the central axis of the hollow tubing. This
allows a 1:1 transmission of torque. On the contrary, the traditional pressure wires consist of 3
small electrical wires that offset the core-wire
from the center, in turn limiting the torquability.
Consequently, it is believed that the OptoWire
deux has handling characteristic that almost
mimic a standard angioplasty wire. The disadvantage of the Optowire deux is a wired connector (Pressurewire X has a wireless connection)
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which causes build-up of counter torque, to
overcome that in practice, the operators often
tend to disconnect the wire from the connector
before wiring the distal vessel (we did not correct for this disadvantage in the assessment of
the torquability). We have to emphasize that the
scoring of the wire was not blinded for the operator, so there is potentially a bias. When we
have a look at the time needed to get the wire
from the guiding catheter to the distal target
zone, there is no significant difference between
the two pressure wires, which means that
objectively there is not a major difference in
handling characteristics between the two
devices. The pressureWire X has a thermal sensor which allows thermodilution measurements
and open the possibility of measuring microvasculature (IMR or index of microcirculatory
resistance) in one procedure with one single
wire possible.
These results are promising. In daily clinical
practice, the availability of a wire that provides reliable measurement outcomes (i.e. limited
drift) and a pressure wire with good handling
characteristics is of the utmost clinical significance. Despite the high level of recommendation, the measurement of FFR and other resting
indices currently remain underused techniques
to interrogate intermediate coronary lesions.
With the advent of recent technical developments, the threshold for using these devices
will potentially be reduced [10].
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