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ARTICLE INFO ABSTRACT

Keywords: Background: The assessment of coronary microvascular dysfunction (CMD) using invasive methods is a field of
Bolus growing interest, however the preferred method remains debated. Bolus and continuous thermodilution are

Continuous commonly used methods, but weak agreement has been observed in patients with angina with non-obstructive

Thermodilution . . . . . .

Coronary coronary arteries (ANOCA). This study examined their agreement in revascularized acute coronary syndromes
. (ACS) and chronic coronary syndromes (CCS) patients.

Microvascular

Objective: To compare bolus thermodilution and continuous thermodilution indices of CMD in revascularized ACS
and CCS patients and assess their diagnostic agreement at pre-defined cut-off points.

Methods: Patients from two centers underwent paired bolus and continuous thermodilution assessments after
revascularization. CMD indices were compared between the two methods and their agreements at binary cut-off
points were assessed.

Results: Ninety-six patients and 116 vessels were included. The mean age was 64 + 11 years, and 20 (21 %) were
female. Overall, weak correlations were observed between the Index of Microcirculatory Resistance (IMR) and
continuous thermodilution microvascular resistance (R,) (rho = 0.30p = 0.001). The median coronary flow
reserve (CFR) from continuous thermodilution (CFRcont) and bolus thermodilution (CFRpos) were 2.19
(1.76-2.67) and 2.55 (1.50-3.58), respectively (p < 0.001). Weak correlation and agreement were observed
between CFR¢ont and CFRypopys (tho = 0.37, p < 0.001, ICC 0.228 [0.055-0.389]). When assessed at CFR cut-off
values of 2.0 and 2.5, the methods disagreed in 41 (35 %) and 45 (39 %) of cases, respectively.

Conclusions: There is a significant difference and weak agreement between bolus and continuous thermodilution-
derived indices, which must be considered when diagnosing CMD in ACS and CCS patients.

following the CORMICA (Coronary Microvascular Angina) trial[1].
Subsequently, the invasive assessment of CMD in INOCA has garnered a
class Ila recommendation for use in the European Society of Cardiology

1. Introduction

The invasive assessment of coronary microvascular dysfunction
(CMD) is a rapidly growing space within the field of interventional
cardiology, particularly in patients with angina with non-obstructive
coronary arteries (ANOCA), where it is has gained widespread traction

(ESC) chronic coronary syndromes (CCS) guidelines[2].

CMD, however, is not simply limited to INOCA patients. In CCS pa-
tients undergoing percutaneous coronary intervention (PCI), up to one
third continue to have ongoing angina despite revascularisation [3], of
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Nomenclature

Abbreviations

ACS Acute coronary syndromes

CCS Chronic coronary syndromes

CFR Coronary flow reserve

CMD Coronary microvascular dysfunction
EF Ejection fraction

ESC European Society of Cardiology
FFR Fractional flow reserve

IMR Index of Microcirculatory Resistance

ANOCA Angina with non-obstructive coronary arteries
v Intravenous
LAD Left Anterior Descending

MRR Microvascular Resistance Reserve
Pa Coronary artery pressure

PCI Percutaneous coronary intervention
RRR Resistance Reserve Ratio

Ryp Microcirculatory resistance

STEMI ST elevation myocardial infarction
wu Wood units

which CMD is hypothesised to play a substantial role[4]. Additionally, in
acute coronary syndromes (ACS), microvascular dysfunction following
revascularisation is present in up to 50 % of patients, despite timely
reperfusion [5]. Furthermore, in ST elevation myocardial infarction
(STEMI), microvascular dysfunction is associated with adverse clinical
outcomes including all-cause mortality, hospitalization with heart fail-
ure within 1 year and early major cardiac complications[6-8].

Despite this widespread clinical applicability, the optimal method-
ology of invasively diagnosing and quantifying CMD remains debatable
[9]. Contributing to this debate is the variety of methods and technol-
ogies used to diagnose CMD. Specifically, over the last three decades, the
technology has evolved from early Doppler guidewires [10] to bolus
thermodilution [11]and more recently continuous thermodilution [12].
Doppler is considered by many as representing the invasive reference
standard measurement [13], however, the current technology is
hampered by technical difficulties, particularly the difficulty in
achieving adequate Doppler envelopes in up to a third of cases[14] and
the lack of availability of Doppler wires and consoles. As a result, bolus
thermodilution is currently the most widely utilised method for invasive
CMD assessment, however it is not without its own pitfalls. Recently,
bolus thermodilution has been shown to systematically overestimate
Coronary Flow Reserve (CFR) relative to Doppler[13] and has previ-
ously been shown to have less correlation with (ISO)HZOPET[15].
Finally, continuous thermodilution is now under the spotlight as it has so
far been shown to be safe, easy to perform and more reproducible than
bolus thermodilution [17-19]. However more data and validation are
required before it can gain widespread adoption in the clinical practice.

For this reason, the aim of this study is to compare bolus thermodi-
lution and continuous thermodilution derived indices of CMD in
revascularized ACS and CCS patients, and to assess their agreements as
diagnostic tools at pre-defined cut-off points.

2. Methods
2.1. Study design and population

This is a collaborative study involving two centres conducting in-
dependent observational cohort studies. The Essex Stable Angina and
Acute Myocardial Infarction (Essex-SAAMI) study (REC reference 22/EE/
0016), and the Oxford Acute Myocardial Infarction (OxAMI) study (REC
Reference: 11/SC0397) are prospective, observational studies,
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investigating coronary physiology in both culprit and non-culprit vessels
in chronic coronary syndrome (CCS) and acute coronary syndromes
(ACS) including both STEMI and non-STEMI patients. Inclusion and
exclusion criteria for both studies are provided in the supplemental
methods. In culprit vessels, for the purpose of the current study, invasive
physiological assessment was performed at the end of the percutaneous
coronary intervention (PCI). All patients provided written informed
consent and the studies had local regional ethical committee approval.
The STEMI patients in both Essex-SAAMI and OxAMI provided initial
verbal consent before later providing written consent in line with study
protocols. The studies adhered to the principles of the declaration of
Helsinki.

2.2. Percutaneous coronary intervention

Coronary angiography was performed via the radial or femoral ar-
teries using 6Fr catheters. Percutaneous coronary intervention was
performed according to operator preference using a wide array of ad-
juncts and intracoronary imaging modalities in line with contemporary
standards. There were no pre-mandated requirements for intracoronary
imaging, stent platform, or the type of angioplasty performed (stent,
drug-coated balloon, or balloon only).

2.3. Physiological measurements

Physiological measurements were performed using a combined
pressure/thermistor guidewire (Pressure Wire X™, Abbott Vascular, St
Paul, MN), a dedicated monorail infusion microcatheter (Rayflow,
Hexacath Paris, France) and a proprietry software system (Coroventis
CoroFlow v3.01, Uppsala, Sweden). Hyperemic conditions for bolus
thermodilution were induced using a peripheral intravenous (IV) infu-
sion of adenosine at a dose of 140mcg/kg/min according to local pro-
tocols. Intracoronary nitrates (Isosorbide Dinitrate) were given in all
cases in varying amounts (minimum of 200mcg). Bolus thermodilution
measurements were performed first, with continuous thermodilution
measurements performed second after allowing the adenosine-induced
hyperemic conditions to subside.

2.4. Coronary flow reserve calculation

The bolus thermodilution method was used to derive resting mean
transit time (Tmnyest) and hyperemic mean transit time (Tmnpyper) in
seconds (s) as described in previous literature ([16]). The Coroflow
software was used to calculate a CFR from bolus thermodilution
(CFRpolus), defined as the ratio of 1/Tmnpyper to 1/Tmnyest: CFRpolus=(1/
Tmnpyper)/(1/Tmnyesr) which can further be simplified as:

Tmn,

CFRpous =
Bl Tmny,y,

The continuous thermodilution method was performed according to
previously described methodology[17]. Both centres performed a
continuous recording of low flow (8-10 ml/min) and high flow (15-20
ml/min) infusions of room temperature saline to derive a resting (Qrest)
and hyperemic (Qpyp) absolute coronary blood flow (ABF) respectively.
The continuous thermodilution derived CFR (CFRont) was calculated as
the ratio of Qnyp and Qrest.

Oy
CFRow = th

2.5. Microvascular Resistance Reserve, Resistance Reserve Ratio, and
Index of Microcirculatory Resistance Calculation, hyperemic
microvascular Resistance

Microvascular Resistance Reserve (MRR) was derived using the
continuous thermodilution method as described earlier. MRR, defined as
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the ratio of true resting resistance to hyperemic resistance corrected for
driving pressures, was calculated using the equation below as described
in previous literature[18]:

CFR  Pa.y

MRR = —— x
FFR ™ Pay,

The Index of Microcirculatory Resistance (IMR) was derived using bolus
thermodilution. The equation as previously described in the literature
was [19]:

IMR = Tmnyy, X Pdyy,
Resistance Reserve Ratio (RRR) was derived using bolus thermodilution

method as described earlier. RRR is defined as the ratio of hyperemic
resistance to resting resistance using the equation below[20]:

_ Tmnrmt >< Pdrmi
a IMR

RRR

Hyperemic Microvascular Resistance (R,) was derived using continuous
thermodilution as described in previous literature[21]. The equation for
R, is:

Py

R), = E

2.6. Statistical analysis

Continuous data are expressed as mean (+standard deviation) or
median (25th and 75th percentile) depending on the distribution of
data. Categorical data are expressed as percentages. Normality of data
distribution was first assessed by the Shapiro-Wilk test. Comparisons of
data were performed using Paired T-test, Wilcoxon signed rank test, or
Kruskal-Wallis / one-way ANOVA, as appropriate. Correlations were
assessed using Pearson’s r, or Spearman’s rho, as appropriate. Agree-
ments were assessed using Bland-Altman plots, and Intra-class Correla-
tion coefficient calculated using a two-way mixed-effect model with
measures of absolute agreement. Agreement at binary cut-off points was
assessed using Cohen’s Kappa at the cut-off points of 2.0 and 2.5. Sta-
tistical analysis was performed using SPSS Statistics (IBM, New York,
United States).

3. Results
3.1. Study population

A total of 96 patients underwent physiological assessment across 2
cohorts (CCS 37, ACS 59). The mean age was 64 + 11 and 20 (21 %)
were female. The mean left ventricular EF% was 52 + 7. A history of
diabetes mellitus was present in 18 (19 %) patients. Full patient char-
acteristics are displayed in Table 1. A total of 116 vessels were inter-
rogated (47 in CCS, 69 ACS), of which 35 (30 %) were reference vessels
(Table 1). The left anterior descending (LAD) was the interrogated vessel
in 62 (53 %) physiological assessments (Table 1).

3.2. Physiological measurements

A summary of physiological measurements from bolus and contin-
uous thermodilution with associated p values can be viewed in Table 2.
A further breakdown of physiological measurements by cohort can be
seen in the supplementary materials (Supplementary Table 1).

3.3. Resting and hyperemic pressure ratios

Overall, there was a significant difference between resting Pqy/P,
values recorded during bolus and continuous thermodilution methods
(0.97 £ 0.05 and 0.94 + 0.05 respectively, mean difference = 0.02, p <
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Table 1
Patient and Vessel Characteristics for all patients, CCS patients, and ACS pa-
tients. CCS: Chronic Coronary Syndrome, ACS: Acute Coronary Syndrome.

Mean +/- SD or N
(%)

All CCS ACS
Patients 96 37 (39 59 (61
%) %)
Cumulative Vessels 116 47 (41 69 (59
%) %)
LAD 62 (53 %) 23 (49 39 (57
%) %)
Reference Vessels 35 (30 %) 23 (26 12 (17
%) %)
Age 64 +11 64 +11 64 + 11
Female 20 (21 %) 7 (19 %) 13 (22
%)
Family history CAD 36 (38 %) 15 (41 21 (36
%) %)
Hypertension 57 (59 %) 23 (62 34 (58
%) %)
Diabetes Mellitus 18 (19 %) 4 (11 %) 14 (24
%)
Hypercholesterolaemia 39 (41 %) 15 (41 24 (41
%) %)
Left Ventricular EF% 52+7 54+ 6 51+8
Previous Myocardial 24 (25 %) 15 (41 9 (41 %)
Infarction %)
Previous CABG 1(1 %) 1(3 %) 0(0%)
Previous PCI 26 (27 %) 18 (49 8 (14 %)
%)
Smoking history 50 (52 %) 17 (46 33 (56
%) %)
Chronic Kidney Disease 5 (5 %) 3 (8 %) 2 (3 %)
Peripheral Vascular Disease 3B %) 2 (5 %) 1(2%)
Previous CVA/TIA 3 (3 %) 1 (3 %) 2 (3 %)

Table 2
Physiological measurements of bolus thermodilution and continuous
thermodilution.

Continuous Bolus P value
Thermodilution Thermodilution
CFR 2.19 (1.76-2.67) 2.55 (1.50-3.58) p<
0.001
MRR 2.67 (2.17-3.37) - -
Qrest (ml/ 75 (54-97) - -
min)
Qhyp (ml/ 170 (118-225) - -
min)
Ry, rest (WU) 1253 (918-1591) - -
Ry, hyp (WU) 461 (354-666) - -
Tmnrest () - 0.80 (0.52-1.12) -
Tmnyy;, (s) - 0.29 (0.19-0.50) -
IMR - 21 (14-35) -
RRR - 3.20 (2.00-5.15) -

0.001) (Supplementary Table 2). Similarly, there was a significant
difference between FFR values (bolus thermodilution FFR = 0.91 +
0.08, continuous thermodilution FFR = 0.86 + 0.08), mean difference
0.05, p < 0.001). A similar trend was noted when assessed by cohort,
and by target / reference vessels individually (Supplementary
Table 2).

3.4. Coronary flow and microcirculatory resistance assessed by bolus and
continuous thermodilution

Overall, absolute flow at rest (Qyest) and hyperemia (Qpyp) assessed
by continuous thermodilution were 75 (54-97) ml/min and 170
(118-225) ml/min (Table 2.0), respectively, with no significant differ-
ence in Qres; values between cohorts (p = 0.296), and Qpy, values be-
tween cohorts (p = 0.195) (Supplementary Table 3). Microcirculatory
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resistance at rest (R, rest) and hyperemia (R, nyp) across all cohorts were
1253 (918-1591) WU and 461 (354-666) WU, respectively. Similarly,
there were no significant differences in R, values between cohorts
(Supplementary Table 3).

There was no significant difference between Tmn,y values between
cohorts (p = 0.965), however a significant difference between Tmnyy,
values was noted between cohorts (p = 0.004) (Supplementary
Table 3). Accordingly, a significant inter-cohort difference in IMR
values was also seen (p = 0.004) (Supplementary Table 3).

A weak correlation was noted between Tmnyeg and Qyest (rho = 0.24,
p = 0.009), and Tmnyy, and Qpyp (tho = 0.31, p < 0.001) (Supple-
mentary figure 1). A similar trend was noted across all cohorts, with
either weak or absent correlations between bolus and continuous ther-
modilution derived flow indices (Supplementary figure 2). Similarly, a
weak correlation was observed between R, nhyp and IMR overall (rho =
0.30, p < 0.001) (Fig. 1), with further weak or absent correlations
assessed by cohort, apart from CCS where a moderate correlation was
seen (rho = 0.60, p = 0.002) (Supplementary figure 3).

3.5. Comparison between bolus and continuous thermodilution derived
coronary flow reserve and resistance reserve indices (MRR, RRR)

The median CFRcons and CFRyqys Were 2.19 (1.76-2.67) and 2.55
(1.50-3.58), respectively (p < 0.001). Only a weak correlation was
found between CFRcont and CFRpolys (tho = 0.37p < 0.001), with Bland-
Altman analysis showing a significant mean bias of 0.68 (p < 0.001) and
weak agreement (ICC 0.228 [0.055-0.389]) (Fig. 2). Similar trends were
noted across ACS, CCS, and reference vessels individually (Supple-
mentary figure 4), although there was no significant difference be-
tween CFRpo1us and CFRcont values in the ACS cohort.

A moderate correlation was found between MRR and RRR (rho =
0.44, p < 0.001) (Fig. 2).

As binary diagnostic tools assessed at CFR cut-off values of 2.0 and
2.5, bolus and continuous thermodilution derived CFR disagreed in 41
(35 %) and 45 (39 %) of cases respectively (Cohen’s Kappa 0.249 and
0.247 respectively) (Fig. 3).
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4. Discussion
4.1. Summary of results

The present study is the first to direct compare bolus versus contin-
uous thermodilution derived flow and flow-derived indices in both CCS
and ACS patients undergoing PCIL The key findings of this study are as
follows. Firstly, there existed only weak or no correlations between Tmn
and Q that underpin the synthesis of subsequent indices of CMD. Sec-
ondly, the CFR values determined by bolus and continuous thermodi-
lution demonstrated weak agreement, particularly when applied as
binary classification tools. Lastly, in line with previous literature, a
significant difference in FFR values achieved between the methodolo-
gies was noted.

4.2. Comparison of mean transit time (Tmn) and absolute flow (Q)

Our results identified only weak or no correlation between bolus
thermodilution derived 1/Tmn, and continuous thermodilution derived
Q across both reference and target vessels (at rest and hyperemia).
Notably, the correlations were significantly worse for the resting flow
measurements (Tmnyese and Qyest). This may be due to high variability in
resting conditions. Ultimately, it is the weak, or lack of, correlations
between these flow metrics that results in significant disagreement be-
tween the subsequent bolus and continuous thermodilution derived
indices used in clinical decision-making. Of note, no significant differ-
ences of continuous thermodilution derived Q (and therefore R,) be-
tween cohorts was observed however this can be explained by the
heterogenicity of absolute flow measurements across differing vessels
(Supplementary Table 4) and myocardial territories subtended.

4.3. Comparison of bolus and continuous thermodilution derived indices

With regards to CFR, the present study demonstrated a significant
difference between CFR values obtained from bolus and continuous
thermodilution indices. Notably, Bland-Altman plots demonstrated a
significant positive bias between CFR values derived from bolus versus
continuous thermodilution. Additionally, the relationship was hetero-
scedastic, driven by seemingly supraphysiological results obtained by

rho = 0.30, p=0.001
3 @
N
o
o
o
S o
s K
=
« o
o
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o
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(aV]
o
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IMR

12 rho = 0.44, p<0.001

0 5 10 15 20

RRR

Fig. 1. Scatter plots of Continuous versus Bolus Thermodilution microvascular indices. Scatter plots of (Left) Ru against IMR, and (right) MRR against RRR. (Ru =
Hyperemic Microvascular Resistance, WU = Wood’s Units, IMR = Index of Microcirculatory Resistance, MRR = Microvascular Resistance Reserve, RRR = Resistance

Reserve Ratio, rho = Spearman’s rho correlation).
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® rho = 0.37, p<0.001

CFR (Continuous Thermodilution)

Differences (CFR Bolus - CFR Cont)

0 3 5 8 10 13
CFR (Bolus Thermodilution)

@
ICC = 0.228 [0.055-0.389]

—_
o

[¢)]

o

]
[$)]

0 2 4 6 8
Means ((CFR Bolus + CFR Cont)/2)

Fig. 2. Scatter plot and Bland-Altman plot of CFRcon Versus CFRpo1ys. Scatter plot (left) of CFR¢ont (y-axis) and CFRpo1ys (x-axis) with corresponding Bland-Altman plot
(right). (CFR = Coronary flow reserve, CFR oy = Continuous thermodilution CFR, CFRp,1ys = Bolus Thermodilution CFR, ULA = Upper limit of agreement, LLA =
Lower limit of agreement), rho = Spearman’s rho correlation, ICC = intra-class correlation coefficient.

Diagnostic Agreement at CFR cut
off point of 2.0

Disagreement
35%

65%
Agreement

Cohen's Kappa = 0.249

= CFRbolus <2.0, CFRcont <2.0
= CFRbolus =2.0, CFRcont >2.0
= CFRbolus <2.0, CFRcont =2.0

CFRbolus >2.0, CFRcont <2.0

Diagnostic Agreement at CFR cut
off point of 2.5

Disagreement
39%

61%
Agreement

Dot

Cohen's Kappa = 0.247

®m CFRbolus <2.5, CFRcont <2.5
= CFRbolus 2.5, CFRcont 2.5
® CFRbolus <2.5, CFRcont >2.5

CFRbolus =2.5, CFRcont <2.5

Fig. 3. Diagnostic Agreement of CFR¢ont and CFRy)ys. Pie charts of the Diagnostic Agreement of CFRcont and CFRyopys at cut-off points 2.0 (left) and 2.5 (right) with
associated Cohen’s Kappa statistic. (CFRqon: = Continuous thermodilution derived Coronary Flow Reserve, CFRpo1ys = Bolus thermodilution derived Coronary

Flow Reserve).

the CFRpos method; a consistent finding in the literature [13,22].
Furthermore, the intra-class correlation coefficient across ACS, CCS, and
reference vessels expressed only a weak agreement between bolus and
continuous thermodilution methodologies, resulting in frequent
misclassification when used as binary diagnostic tools at both CFR < 2.0
and CFR < 2.5 cut-off values. This finding is in contrast with an earlier
study in INOCA patients that showed a good correlation and agreement
between the methodology[17]. Conversely, the present study findings
are consistent with more recent literature where similarly only a weak

correlation and agreement between bolus and continuous thermodilu-
tion derived indices were demonstrated[22]. Our study demonstrates a
similar finding when analysed according to MRR and RRR indices also.

Therefore, there appears to be multiple considerations in the use of
bolus thermodilution to reliably diagnose and quantify CMD. Specif-
ically, in recent literature, bolus thermodilution has been shown to have
only a modest correlation with the widely accepted invasive gold stan-
dard of intracoronary Doppler, and to systematically overestimate CFR
relative to Doppler as well [13]. Moreover, it displays more inter and
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intra-observer variability versus Doppler and less correlation with non-
invasive (150)H20PET imaging [23]. Additionally, compared to
continuous thermodilution, bolus thermodilution has been shown to
have more variability and inferior reproducibility[22]. A possible
explanation for this observation is that the inverse of mean transit time
(a surrogate for actual coronary flow), is affected by the quality and
consistency of injections, guide position (and damping), and sensor wire
position[14]. In contrast, continuous thermodilution seems to present a
robust, reproducible, and less operator-dependent method of deriving
CFR[17], with good correlation with Doppler CFR[18], and non-
invasive (ISO)HZOPET[15] methods. Furthermore, the continuous ther-
modilution method does not require the administration of pharmaco-
logical vasodilators (hyperemic agents), as is the case in bolus
thermodilution, thereby reducing the impact on overall haemodynamic
status, and therefore coronary flow, whilst reducing the incidence of side
effects and increasing the availability of testing to those with contra-
indications to commonly used agents such as adenosine.

However, continuous thermodilution is not without procedural
limitations or considerations. Specifically, the proprietary Rayflow
catheter is likely to induce a progressively significant obstruction to flow
in more stenotic epicardial vessels, and thus introduce a bias to CFR,
FFR, Pd and resistance measurements [22]. This potential source of bias
may be accounted for by MRR measurement, which is considered in-
dependent of epicardial stenosis severity [18]. Moreover, in addition to
the equipment required for bolus thermodilution, continuous thermo-
dilution requires a dedicated infusion microcatheter and an infusion
pump programmable in mL/min, therefore increasing overall cost.
Additionally, and most importantly, there currently exists no clinical
outcome data for continuous thermodilution derived indices. However,
clinical studies assessing this (European Microcirculatory Group (Euro-
CRAFT study NCT04598308) are currently recruiting. In contrast, the
established bolus thermodilution method, and the resultant indices, do
have clinical outcome data to support their clinical use [9], especially in
the STEMI field where bolus thermodilution offers a good compromise
between diagnostic accuracy and ease of use that is pivotal in the
emergency setting [24]. Lastly, we did not observe an inter-cohort dif-
ference in CFR values obtained by continuous thermodilution despite
noting an inter-cohort difference in those obtained by bolus thermodi-
lution. The lack of a third comparator renders this finding difficult to
rationalise.

Of interest, in the contemporary study by de Vos et al, a normal and
abnormal range for MRR has been suggested, with a subsequent “grey
zone” in between [25]. Accordingly, “grey zones” may prove more
helpful in the diagnostic process of CMD as opposed to the application of
binary cut-offs for clinical decision-making. Furthermore, a notable
study by Jansen et al. demonstrated no correlation between angina
scoring questionnaires for both bolus and continuous thermodilution
derived CFR and MRR, however a significant correlation for only
continuous thermodilution derived CFR and MRR in physical health
components of the questionnaires [26].

4.4. Discrepancy in FFR values

In accordance with prior reports, in the present study we also
demonstrated a significant difference between FFR values obtained by
bolus versus continuous thermodilution methods. This mean difference
of ~ 0.03 FFR units has previously been explained by the direct hae-
modynamic impact of the Rayflow catheter[21]. However, in our study,
we noted a numerically higher FFR mean difference (0.05 FFR units). Of
note, although the FFR from continuous thermodilution is lower relative
to that of bolus thermodilution, this did not correspond with a higher
CFR overall when compared to bolus thermodilution.

5. Limitations

The present study is not without limitations. First, bolus
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thermodilution measurements were performed by multiple operators.
Accordingly, our results may be influenced by heterogeneity in mea-
surement technique. This, however, is illustrative of real-world clinical
scenarios. Second, there is no third comparator in this study, although
bolus and continuous thermodilution have previously been compared to
Doppler[13,18], and (15O)H20PET[15] individually. Ideally, a dedi-
cated head-to-head comparison is needed. Third, although this is the
largest known study of paired continuous and bolus thermodilution
derived physiology in ACS and CCS patients undergoing PCI, the sample
size is still modest. Fourth, continuous thermodilution measurements
were performed after bolus thermodilution measurements, and although
both sites allowed ample time for the effects of adenosine to wear off, no
pre-specified time was stated in the protocols. Consequently, it is
impossible to fully exclude the effect of residual hyperemia on contin-
uous thermodilution measurements. Finally, no difference was noted
between CFRypo}ys and CFR¢opt values in the ACS cohort, however, a post-
hoc power calculation has shown insufficient power to detect this
change. Accordingly, the weak agreement demonstrated by ICC and
Bland-Altman must be considered when addressing this finding.

6. Conclsusions

Overall, our study demonstrates the clinical feasibility of performing
CMD assessments using continuous and bolus thermodilution in both
ACS and CCS patients undergoing percutaneous coronary intervention.
However, there exists a significant difference and weak agreement be-
tween the resultant indices that must be considered when used to di-
agnose CMD.
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