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distribution or active migration of injected agents.
The last may be the most important, because the
nature of the recipient tissue and the capacity of cells
to attach to, and resist detachment from, native
cells or extracellular matrix are major determinants
of transplanted cell survival (4). It is here that the
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C-Cathez, by increasing myocardial dispersion, may
have its greatest impact on biologic efﬁcacy.
The use of the C-Cathez in CHART-1 is the largest
and most detailed experience with intramyocardial
injection and demonstrates 2 key attributes for
adoption into the clinical arena: ease of use and
efﬁciency of biologics retention (5). We have developed a method using common imaging modalities
for this novel transendocardial device, thus providing
a platform for the administration of biologics in
patients with myocardial disease.
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Fractional ﬂow reserve (FFR) measurement is a well-
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established pressure wire-based procedure that is
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used to assess the functional severity of coronary
lesions (1). Various randomized trials have demonstrated that FFR-guided revascularization improves
clinical outcomes in patients with ischemic heart diseases (2,3). On the other hand, transradial access (TRA)
is widely performed worldwide and has become the
main access method. A clinical beneﬁt to TRA,
including less vascular complications and improved
patient comfort, compared with the transfemoral
approach, has been previously revealed (4,5). Therefore, in the TRA era, a less invasive procedure needs to
be established. Although 5-F or 6-F catheter–based
FFR is routinely performed, the use of much smaller
catheters has not been established. Furthermore, the
standard approach for measuring FFR throughout the
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F I G U R E 1 FFR Analysis via 4-F and 6-F Catheters

(A) A typical fractional ﬂow reserve (FFR) recording. Pressure curves obtained via a 4-F diagnostic catheter are comparable to those obtained
via a 6-F diagnostic catheter. Accurate pressure tracing is obtained via a 4-F diagnostic catheter. (B) Linear regression analysis of FFR
measurements comparing FFR measured via a 4-F catheter with that via a 6-F catheter. There was a strong and linear correlation between
both FFR measurements (i.e., 4-F FFR [x-axis] vs. 6-F FFR [y-axis]). (C) Bland-Altman analysis of the 2 sets of measurement to allow easier
visualization of the direction of data. CI ¼ conﬁdence interval.

world is still using a guiding catheter. The aim of this

measurement through a 6-F diagnostic catheter was

study was to compare the accuracy of FFR measure-

evaluated.

ment via 4-F diagnostic catheters compared with that
via 6-F in the same coronary lesion.

Paired (4-F and 6-F diagnostic catheter FFR)
recordings taken from 62 vessels in 61 consecutive

In a prospective, single-center study performed

patients were suitable for this analysis. The mean

between October 2016 and May 2017, we veriﬁed the

age was 70.9  8.6 years. Stable angina pectoris was

accuracy of FFR results obtained with a 4-F diagnostic

the presentation in 55 (90%) patients. Pressure curves

catheter compared with those obtained with a 6-F

obtained via a 4-F catheter were similar to those via a

diagnostic catheter. This clinical study was registered

6-F catheter (Figure 1A). The mean FFR values

with the University Hospital Medical Information

measured using the 4-F and 6-F diagnostic catheters

Network Clinical Trials Registry (UMIN000025089). All

were 0.82  0.05 and 0.82  0.06, respectively

patients had arterial access established before the pro-

(p ¼ 0.97).

cedure using a 6-F Glidesheath Slender (Terumo, Tokyo,

Figure 1B illustrates corresponding steady-state

Japan). The COMET Pressure Guidewire (Boston Scien-

FFR measurements for each lesion as (x, y) co-

tiﬁc, Minneapolis, Minnesota) was used in all cases. In

ordinates. The line of identity is revealed as a solid

the current study, the cutoff value for clinical signiﬁ-

line on this graph. The majority of readings lie close

cance was 0.80. If FFR measured through the 4-F diag-

to this line, indicating a good agreement between FFR

nostic catheter was between 0.70 and 0.90, the

values derived from the 4-F and 6-F catheters
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(intraclass correlation ¼ 0.94; p < 0.001, r 2 ¼ 0.876).
Figure 1C shows a Bland-Altman plot of the same data.
Many cases were found in which the FFR value was
actually lower when measured using a 4-F catheter
than when using a 6-F catheter (represented as data
points above the x-axis on the graph). There were
similarly several other cases in which the converse is
true. Formal evaluation of the agreement between
these 2 measurements of FFR by Bland-Altman plot
analysis indicated an estimated bias of 0.0038 with
the 95% limit of agreement extending from 0.0088
to 0.0013, which indicates no evidence for a systemic
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catheter even narrower. Also, while using a 4-F
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catheter it is important to carefully inspect the qual-
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ity of the Pa signal and ﬂush the catheter adequately
with saline to remove all contrast.
This is the ﬁrst study to report the accuracy of FFR
assessment using 4-F diagnostic catheters. The
quality of the pressure curves through a 4-F catheter
was comparable to that observed through a 6-F
catheter. This method is particularly suited to the
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