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Aims

 

To assess the reproducibility of the forearm blood flow (FBF) response to intra-arterial
infusion of calcitonin-gene related peptide (CGRP), measured by venous occlusion
plethysmography. In addition, to compare different ways of expressing the FBF
response and perform sample size calculations.

 

Methods

 

On two separate visits, CGRP (10 ng min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm) was infused for 45 min into
the brachial artery of six healthy subjects. Reproducibility was assessed by calculating
mean difference, repeatability coefficient, within-subject coefficient of variation (WCV)
and intraclass correlation coefficient.

 

Results

 

CGRP increased FBF from 2.8 

 

±

 

 0.4 and 3.2 

 

±

 

 0.7 (at baseline) to 15.4 

 

±

 

 1.4 and
15.2 

 

±

 

 1.5 ml min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm (at 45 min) on visits 1 and 2, respectively
(

 

P

 

 

 

<

 

 0.0001 for both visits). Mean difference in FBF at 45 min between both visits
was 0.3 ml min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm (repeatability coefficient: 4.1 ml min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm).
This FBF response appeared to be more reproducible when expressed as absolute
FBF in the infused arm (WCV 11%) compared with absolute FBF-ratio between both
arms (WCV 37%), percentage change from baseline in FBF in the infused arm (WCV
29%) and percentage change from baseline in FBF-ratio (WCV 40%). When
expressed as absolute FBF, a sample size of five (95% confidence interval: 2–12)
subjects gives 90% power at a type I error probability of 0.05 to detect a 25% shift
in FBF response.

 

Conclusions

 

Intra-arterial infusion of CGRP results in a forearm vasodilator response which is
reproducible between days. This response is most reproducible when expressed as
absolute FBF. The presented methodology provides a suitable pharmacodynamic
model to assess the 

 

in vivo

 

 activity of CGRP-receptor antagonists in a small number
of subjects.

 

Introduction

 

Calcitonin gene-related peptide (CGRP) is a 37-amino
acid neuropeptide, which is broadly distributed in the
cardiovascular system through a dense peripheral sen-

sory network innervating arteries, veins and the heart
[1]. It is also present in sensory neurones of the central
nervous system, originating from the trigeminal gan-
glion and innervating the cerebral circulation [2].
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CGRP is one of the most potent endogenous vasodila-
tory peptides [3] and exerts its vasorelaxant effects
through interaction with CGRP-receptors, present on
the vascular endothelium and vascular smooth muscle
cells [4].

CGRP is suggested to play a major role in the patho-
physiology of primary headaches, in particular
migraine and cluster headache [5]. This observation
fuelled research leading to the development of small-
molecule CGRP-receptor antagonists [6–8]. Recently,
one of these compounds proved to be effective in the
acute treatment of migraine [9]. The mechanism of
action of this potential new class of acute antimigraine
drugs is still unclear. Both vascular mechanisms, i.e.
inhibition of CGRP-induced vasodilation [6] and non-
vascular mechanisms, i.e. inhibition of pain transmis-
sion in the trigeminocervical complex [10], have been
proposed.

Venous occlusion plethysmography combined with
brachial artery infusion provides a powerful tool for the
assessment of vascular effects of vasoactive compounds
[11]. Using this technique, local vasodilation of human
forearm blood vessels during intra-arterial infusion of
CGRP has repeatedly been demonstrated [12–17]. The
technique has been used previously to evaluate endothe-
lin-1 receptor antagonists [18–21] and a neurokinin-1
(substance P) receptor antagonist [22]. Likewise, we
intend to use the technique to assess the pharmacody-
namic effects of CGRP-receptor antagonists in an early
phase of clinical development. To that end, the repro-
ducibility of CGRP-induced vasodilation assessed by
venous occlusion plethysmography needs to be estab-
lished. The aim of the present study was to assess
the reproducibility of the forearm blood flow (FBF)
response to intrabrachial infusions of CGRP in healthy
subjects. In addition, different ways of expressing the
FBF response were compared and sample size calcula-
tions were performed.

 

Methods

 

Subjects

 

After approval by the ethics committee of the University
Hospital, written informed consent was obtained. After
a screening visit, six healthy nonsmoking subjects (three
male, three female) participated in this study. Subjects
attended on two occasions (designated as visit 1 and
visit 2) separated by a wash-out period of at least 5 days
and were instructed to abstain from any drug (except
oral contraceptives) during 3 days and from chocolate-,
alcohol- and caffeine-containing beverages and food
during 12 h preceding each experiment. Subjects fasted
for at least 3 h before measurements were performed.

Measurements were performed at the same time of day
for each subject.

 

Drugs

 

The dose of CGRP (10 ng min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm) used in
this study was selected based on previous work [17].
CGRP (Clinalfa, Läufelfingen, Switzerland) was dis-
solved in 0.9% saline (B Braun, Melsungen, Germany)
on the day of the experiment and a final solution of
CGRP (100 ng ml

 

-

 

1

 

) was made immediately before each
experiment. CGRP or 0.9% saline was infused continu-
ously using automated infusion pumps (Ivac

 

®

 

 P1000,
Ivac Medical Systems, Brussels, Belgium) into the bra-
chial artery of the nondominant arm through a 27 gauge
mounted needle (Sterican

 

®

 

, B Braun, Melsungen, Ger-
many). Doses were normalized to forearm volume (mea-
sured by water displacement) by keeping the rate of
all intra-arterial infusions constant at 100 

 

m

 

l min

 

-

 

1

 

 dl

 

-

 

1

 

forearm.

 

Measurements

 

Forearm blood flow

 

The response to intrabrachial infu-
sions of CGRP was assessed by measuring FBF in both
the infused and noninfused arm using strain gauge
venous occlusion plethysmography [11]. Electrically
calibrated mercury-in-silastic strain gauges (D E
Hokanson, Bellevue, USA) were placed at the point
of maximal forearm circumference. The hands were
occluded from the circulation during measurements
through rapid inflation of wrist cuffs to 

 

~

 

200 mmHg.
Wrist cuffs were inflated at least 60 s before starting
plethysmographic recordings in order to allow FBF to
stabilize. Upper arm cuffs were intermittently inflated to
40 mmHg for the first 10 s in every 15 s to block tem-
porarily venous return of blood from the forearm and
thus obtain multiple plethysmographic tracings (EC6
Plethysmograph, D E Hokanson, Bellevue, USA). Ana-
logue voltage output from the plethysmograph was pro-
cessed by an analogue-to-digital converter (Powerlab

 

®

 

/
8SP, AD Instruments, Castle Hill, Australia) and appro-
priate software (Chart

 

®

 

 v4.0 for Windows, AD Instru-
ments, Castle Hill, Australia) and recorded on to a
computer (Dell Optiplex

 

®

 

 G1, Dell Computer Corpora-
tion, Limerick, Ireland). Calibration was achieved using
the internal standard of the plethysmograph.

 

Blood pressure and heart rate

 

Systolic (SBP), dias-
tolic blood pressure (DBP) and heart rate were measured
in the noninfused arm at 15 min intervals using a vali-
dated semiautomated oscillometric device (OMRON
705 CP, OMRON Healthcare, Hamburg, Germany).
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Measurements were performed immediately after the
preceding FBF recording.

 

Forearm blood flow experiments

 

All experiments were performed in a quiet, temperature-
controlled room maintained at 24 

 

±

 

 1 

 

∞

 

C. Each experi-
ment lasted 

 

~

 

1.5 h. Subjects rested supine on a comfort-
able bed with their forearms positioned above the level
of the heart by resting the elbows on foam pads and
supporting the hands with pillows. The brachial artery
of the nondominant arm was cannulated at the antecu-
bital crease. After arterial cannulation, 0.9% saline was
infused for a period of 30 min to allow for equilibration.
Baseline FBF was measured at the end of this period by
recording plethysmographic tracings for 3 min. Imme-
diately after baseline measurements, infusion of CGRP
was started and continued for 45 min. During this infu-
sion, plethysmographic tracings were recorded for
2 min, every 5 min

 

Data analysis and statistics

 

FBF was determined from the slope of the initial part
of each plethysmographic tracing. Plethysmographic
data were extracted from the Chart

 

®

 

 data files and
FBF responses were calculated for individual plethys-
mographic tracings using a template spreadsheet
(Microsoft Excel 2000 v9.0, Microsoft Corporation,
USA). For each recording period, the mean of the last
five consecutive tracings was used. Tracings unsuitable
for analysis due to motion artefacts were manually
rejected. All tracings were analysed by the same inves-
tigator (FV).

In order to compare different ways of expressing data,
FBF was expressed as:

 

1

 

absolute FBF in the infused arm (FBF

 

infused

 

, in
ml min

 

-

 

1

 

 dl

 

-

 

1

 

 forearm);

 

2

 

absolute FBF-ratio between the infused and nonin-
fused arm (FBF-ratio);

 

3

 

percentage change from baseline in FBF in the
infused arm (FBF

 

infused%

 

, in percentage); and

 

4

 

percentage change from baseline in FBF-ratio (FBF-
ratio

 

%

 

, in percentage).

FBF was calculated for each time point and time-
response curves were constructed. In addition, the area
under the curve (AUC

 

0

 

-

 

45

 

) and the change in FBF from
baseline to 45 min (

 

D

 

FBF

 

0

 

-

 

45

 

) were calculated as sum-
mary responses.

The reproducibility of baseline measurements, FBF
at 45 min (FBF

 

45

 

) and the summary responses AUC

 

0

 

-

 

45

 

and 

 

D

 

FBF

 

0

 

-

 

45

 

 was assessed as follows. First, for each
subject the difference in response between visits was

compared with the mean response of both visits accord-
ing to Bland and Altman [23]. Using this approach, the
mean difference and the repeatability coefficient, i.e.
1.96 times the standard deviation of the differences,
were calculated [24]. Secondly, the mean within-subject
coefficient of variation (WCV) was calculated by divid-
ing the within-subject standard deviation by the mean
and expressing it as a percentage. The within-subject
standard deviation was calculated as the square root of
the residual mean square using two-way analysis of
variance (

 

ANOVA

 

) [25]. Finally, the intraclass correla-
tion coefficient (ICC) was calculated according to Deyo

 

et al.

 

 [26].
Sample size calculations for a paired study design

with continuous response measures were performed
using the mean response of visit 1 and the standard
deviation of the difference in response between visits 1
and 2 [27]. Sample sizes required to detect a predeter-
mined difference of 10, 25, 33, 50, 75 and 100% in FBF
response with 80 and 90% power were calculated given
a type I error probability (

 

a

 

) of 0.05.
All responses are expressed as mean 

 

±

 

 standard error
of the mean (SEM), unless indicated otherwise. For
measures of reproducibility and sample sizes, 95% con-
fidence intervals (CI) were calculated if applicable.
Blood pressure, heart rate, baseline measurements and
summary measures were compared using Wilcoxon’s
matched-pairs signed-rank test. FBF data were exam-
ined by repeated-measures 

 

ANOVA

 

. 

 

P

 

 

 

<

 

 0.05 was con-
sidered statistically significant.

 

Results

 

All subjects successfully completed the study without
any adverse events of note. Mean 

 

±

 

 SD (range) for age,
weight, height and forearm volume was 29 

 

±

 

 8 (22–40)
years, 65.7 

 

±

 

 6.9 (56–74) kg, 173 

 

±

 

 7 (162–182) cm and
910 

 

±

 

 177 (708–1216) ml, respectively. There were no
differences between baseline measurements of visits
1 and 2 (Table 1). Compared with baseline, a small
increase in SBP (both visits) and DBP (only visit 2) was
detected at the end of the 45 min infusion (

 

P

 

 

 

<

 

 0.05).
However, heart rate or FBF in the noninfused arm did
not change (Table 1).

CGRP infusions were well tolerated. Local flushing
and an increase in temperature of the infused forearm
were observed. These changes disappeared within 1–2 h
after the end of the infusion.

 

Forearm blood flow response

 

CGRP infusions gradually increased FBF by about 5-
fold at 45 min (

 

P

 

 

 

<

 

 0.0001 for both visits and for all
methods of data expression, Figure 1 and Table 1). No
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difference was observed between the mean response on
visit 1 and visit 2. Individual time-response curves
expressed as absolute FBF are shown in Figure 2. In
addition, no difference was detected between visits in
the summary responses AUC

 

0

 

-

 

45

 

 and 

 

D

 

FBF

 

0

 

-

 

45 

 

(Figure 3).
FBF in the noninfused arm changed neither when

expressed as absolute blood flow nor when expressed as
percentage change from baseline (Figure 1).

 

Reproducibility and sample size calculations

 

Results of the reproducibility analyses for baseline mea-
surements and FBF responses are shown in Table 2.
The number of subjects needed to detect a predeter-
mined shift in FBF response was smaller when data
were expressed as FBF

 

infused

 

 compared with the other
methods of data expression (Table 3). When expressed
as FBF

 

infused

 

, a sample size of five (95% CI 2–12) sub-
jects gives 90% power at a type I error probability of
0.05 to detect a 25% shift in FBF

 

45

 

.

 

Discussion

 

The present study convincingly demonstrates that a
45 min intrabrachial infusion of CGRP is well tolerated
and results in a reproducible forearm blood flow
increase in healthy subjects. However, reproducibility
and sample size calculations are clearly affected by the
way FBF response is expressed.

The magnitude of the FBF response to CGRP
(10 ng min

 

-

 

1

 

 dl

 

-

 

1 forearm) observed in the present study
is consistent with previously reported responses to
comparable doses, but with much shorter durations of
infusion ranging from 3 to 12 min [13, 15–17]. This
relates to the fact that most of the FBF increase is
achieved within the first minutes of infusion. Indeed,
when McEwan et al. [12] infused CGRP for 30 min in
three healthy subjects at a dose of 2.8 ng min-1 dl-1

forearm, they observed a rapid increase in FBF during
the initial 5 min followed by a more gradual increase,
achieving a maximum flow at 25 min and about 80%
of the maximum increase at 8 min. Results from pilot
experiments (n = 6, data not shown), in which CGRP
was infused continuously for 90 min at the dose used in
the present study, showed a stable maximal FBF
response from 60 min onwards. About 80% of the max-
imal increase was achieved at 20 min, 90% at 30 min
and 95% at 45 min, respectively. The discrepancy
between our results and those of McEwan et al. with
respect to the speed with which the maximum response
is achieved, probably relates to the substantial differ-
ence in dose. Local forearm venous plasma concentra-
tions of CGRP during intrabrachial infusion at a dose of
10 ng min-1 dl-1 forearm [17] or 100 ng min-1 [15] are
in the range of those reported during a migraine attack
in the internal [28] and external jugular vein [29]. The
selected dose therefore is considered to be clinically
relevant.

There is some debate concerning the quantification of
drug dose during intrabrachial infusion. Usually, a fixed
mass of drug is administered per unit of time [30]. Chin-
Dusting et al. [31] recommended dose correction for the
drug-induced change in blood flow by normalizing the
dose to forearm volume, but this has been contested by
others [32]. Although correction for forearm volume
does not influence within-subject variability of FBF
responses and adds some complexity to the study
design, it may result in smaller between-subject vari-
ability of FBF responses, which is important when mak-
ing comparisons between groups. However, this should
be further investigated.

Several authors have assessed the reproducibility of
FBF measurements by venous occlusion plethysmogra-
phy, both in resting conditions and during infusion of

Table 1
Comparison of haemodynamic parameters between visits

Visit 1 Visit 2

SBP (mmHg)
Baseline 117 ± 3 115 ± 3
45 min 120 ± 4* 118 ± 2*

DBP (mmHg)
Baseline 69 ± 1 65 ± 2
45 min 71 ± 1 69 ± 2*

Heart rate (bpm)
Baseline 61 ± 5 62 ± 4
45 min 64 ± 6 66 ± 5

FBF (ml min-1 dl-1 forearm)
Non-infused arm
Baseline 2.5 ± 0.3 2.3 ± 0.2
45 min 2.8 ± 0.4  2.3 ± 0.3
Infused arm
Baseline 2.8 ± 0.4  3.2 ± 0.7
45 min 15.4 ± 1.4 15.2 ± 1.5

FBF-ratio
Baseline 1.2 ± 0.2 1.3 ± 0.2
45 min 6.4 ± 1.0 7.1 ± 0.8
AUC0–45 (ml dl-1 forearm) 571 ± 51 556 ± 64
DFBF0-45 12.6 ± 1.2 12.0 ± 1.5

SBP and DBP, systolic and diastolic blood pressure; FBF,
forearm blood flow; FBF-ratio, FBF-ratio between the
infused and noninfused arm; AUC0-45, the area under the
curve from baseline to 45 min; DFBF0-45, increase in FBF
from baseline to 45 min. Data are mean ± SEM. *P < 0.05
vs. baseline assessed by Wilcoxon matched-pairs signed-
rank test.
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vasodilating substances. As various measures of repro-
ducibility are reported in the medical literature and mea-
surement protocols often differ between studies, it is
difficult to compare reproducibility data between stud-
ies. We chose to report the mean difference and repeat-
ability coefficient [23], the within-subject coefficient of
variation (WCV) [25] and the intraclass correlation
coefficient (ICC) [26]. The majority of studies report at
least the within-subject coefficient of variation, a mea-
sure of reproducibility which can be readily compared
across studies. We found a mean interday WCV of 23–
27% for unilateral resting FBF, which is within the
range of those reported in the literature [33, 34]. When
we expressed resting FBF as the FBF-ratio between both
arms, reproducibility seemed to improve (WCV 20%),
which is in agreement with Petrie et al. [34], who
observed a better interday reproducibility for baseline

FBF-ratio (WCV 19%) compared with unilateral FBF
(WCV 31–39%).

How should FBF responses be expressed? Several
authors have recommended expressing FBF responses
to intra-arterial infusion of vasoactive drugs as FBF-
ratio [30, 31, 34, 35]. Expressing responses as FBF-ratio
would have the advantages that all data collected are
used to their full advantage and that systemic changes
unrelated to the local stimulus are compensated for.
However, some authors have advocated the expression
of FBF responses as FBF in the infused arm only, rather
than as FBF-ratio [32, 36]. In this case, the data of the
noninfused arm are used to confirm that there are no
systemic drug effects. It seems therefore that there is no
‘gold standard’ for expressing FBF responses.

In order to identify the best way to express FBF data
for future clinical trials making use of intrabrachial

Figure 1
Response of forearm blood flow (infused arm, circles; noninfused arm, squares) to intrabrachial infusion of CGRP (45 min continuous infusion, 10 ng 

min-1 dl-1 forearm) on visit 1 (closed symbols) and visit 2 (open symbols). Data (mean ± SEM) are expressed as (A) absolute FBF in the infused arm 

(B) FBF-ratio between the infused and noninfused arm (C) percentage change from baseline in FBF in the infused arm and (D) percentage change 

from baseline in FBF-ratio
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infusions of CGRP, we compared the reproducibility of
four alternative ways of expressing FBF responses:

1 absolute FBF in the infused arm
2 absolute FBF-ratio between the infused and nonin-

fused arm
3 percentage change from baseline in FBF in the

infused arm and
4 percentage change from baseline in FBF-ratio.

Regardless of the selected FBF response, i.e. FBF at
the end of the 45 min infusion (FBF45) or a summary
response such as AUC0-45 and DFBF0-45, within subject
coefficients of variation were consistently lower and
intraclass correlation coefficients consistently higher
when expressed as absolute FBF in the infused arm
compared with the other methods (Table 2). Conse-
quently, it is more likely that a shift of a given size is
statistically significant when responses are expressed as

Figure 2
Individual (n = 6) time-response curves (infused arm, circles; noninfused arm, squares) to intrabrachial infusion of CGRP (45 min continuous infusion, 

10 ng min-1 dl-1 forearm) on visit 1 (closed symbols) and visit 2 (open symbols)
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absolute FBF in the infused arm (Table 3). These
results are in agreement with Walker et al. who showed
that forearm vasodilator responses were significantly
less variable when expressed as absolute flows rather
than as percentage increase in blood flow ratio [32].
Petrie et al. examined the reproducibility of vasocon-
strictor responses as well as of vasodilator responses
[34]. Interestingly, they showed that contrary to vaso-
constrictor responses, which were less variable when
expressed as percentage change in FBF-ratio, vasodila-
tor responses were less variable when expressed as
absolute blood flow in the infused arm. This was con-
firmed by Strachan et al. who showed that the repro-
ducibility of vasoconstrictor responses to endothelin-1
was better when expressed as percentage change in
FBF-ratio as compared with percentage change in FBF
in the infused arm [37]. A possible explanation for the
difference in reproducibility between vasodilator and

vasoconstrictor responses is that vasoconstrictor drugs
produce relatively small absolute changes in FBF in the
infused arm which may be subject to small variations in
basal flow to the same degree as FBF in the noninfused
arm. However, vasodilator drugs cause large changes in
FBF in the infused arm, which are unlikely to be
affected to the same extent by these small variations in
basal flow.

FBF responses are often reported as percentage
change from baseline. Reporting a percentage change
from baseline allows investigators to present results in
clinically relevant terms. However, percentage change
from baseline should not be used in statistical analysis
[38]. Analysis of covariance (ANCOVA) has been sug-
gested as the method of choice for analysing results of
trials with baseline and post-treatment measurements.
With small samples, however, absolute change from
baseline (i.e. DFBF0-45) and absolute post-treatment
score (i.e. FBF45) are acceptable alternatives [38]. We
found that FBF responses were more reproducible
when expressed as absolute values as compared with
percentage change from baseline (Table 2), even when
there were no differences between both visits in base-
line FBF in the infused arm or baseline FBF-ratio
(Table 1). This is in accordance with Lind et al. [36],
who demonstrated that reproducibility was very good
for the FBF response during intra-arterial infusion of
the vasodilators metacholine and sodium nitroprusside,
whereas reproducibility was not as good for basal FBF.
Based on these observations, they hypothesized that
FBF responses during infusions with vasodilating sub-
stances would show the least variation when expressed
as absolute FBF, rather than expressed in relation to
basal FBF.

The use of summary measures to analyse serial mea-
surements is a useful and simple tool in medical
research [39]. Summary measures may be more clini-
cally relevant, allow presentation of responses over time
as a single value and may reduce within-subject vari-
ability. In the present study, reproducibility of the sum-
mary responses AUC0-45 and DFBF0-45 was not better
compared with FBF at 45 min, when expressed as abso-
lute FBF in the infused arm (Table 2). This is in agree-
ment with Strachan et al. who calculated sample sizes
based on FBF responses to endothelin-1 and reported
sample sizes that were not consistently smaller for AUC
compared with single time point measures [37].

There are several limitations to this study. The pre-
sented model is intended to be used in early clinical
studies which are often restricted to men. As in the
present study both male and female subjects were
included, it could be argued that the results are not

Figure 3
Summary responses (AUC0-45 and DFBF0-45) to intrabrachial infusion of 

CGRP (45 min continuous infusion, 10 ng min-1 dl-1 forearm) on visit 1 

and visit 2. Individual responses (n = 6) are shown as thin lines with open 

symbols. A thick dashed line with closed circles indicates the mean 

response
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representative for early clinical studies. However, as the
responses seemed more reproducible in men compared
with women, the calculated sample sizes might even be
smaller for studies including male subjects only. Fur-
thermore, the precision of the calculated measures of
reproducibility and sample sizes is limited as calcula-
tions are based on a small sample (n = 6). However,
when investigating the reproducibility of venous occlu-
sion plethysmography, small numbers of subjects are
frequently used due to the complexity, duration and
cost of the experiments [32, 34, 37, 40]. Notwithstand-
ing the use of small groups of subjects (typically 6–8
subjects), local inhibition of vasoactive compounds can
be shown convincingly using this technique [18–20,
22].

In conclusion, intrabrachial administration of CGRP
to healthy subjects results in a FBF increase which is
reproducible between days. The FBF response to CGRP
is most reproducible when expressed as absolute FBF
in the infused arm. The presented methodology provides
a suitable pharmacodynamic model to assess the in vivo
activity of CGRP-receptor antagonists in a small num-
ber of subjects.

This work was supported by a grant from the Research 
Foundation-Flanders (FWO. Vlaanderen). FV is a 
Junior Research Fellow of the Research Foundation-
Flanders.

Table 2
Reproducibility of baseline measurements and forearm blood flow (FBF) responses

Baseline measurement
Mean difference
(95% CI)

Repeatability
coefficient

WCV (%)
(95% CI) ICC

SBP (mmHg) 2.3 (-4.8, 9.5) 13.4 4 (1–8) 0.57 (-0.45, 0.94)
DBP (mmHg) 3.3 (-1.7, 8.4) 9.5 4 (1–7) 0.42 (-0.59, 0.92)
Heart rate (bpm) -1.0 (-6.3, 4.3) 10.0 6 (1–12) 0.90 (0.31, 0.99)
FBFinfused 

(ml min-1 dl-1 forearm)
-0.4 (-1.5, 0.8) 2.2 27 (5–49) 0.70 (-0.26, 0.96)

FBFnon-infused 
(ml min-1 dl-1 forearm)

0.2 (-0.6, 0.9) 1.4 23 (4–41) 0.36 (-0.64, 0.91)

FBF-ratio -0.1 (-0.5, 0.3) 0.7 20 (4–36) 0.68 (-0.29, 0.96)

FBF response
Method of
data expression

Mean difference
(95% CI)

Repeatability
coefficient WCV (%) ICC

FBF45 FBFinfused 0.3 (-1.9, 2.4) 4.1 11 (2–19) 0.82 (0.02, 0.95)
FBF-ratio -0.7 (-4.1, 2.7) 6.4 37 (7–66) -0.22 (-0.88, 0.72)
FBFinfused% 29 (-154, 212) 342 29 (5–52) 0.56 (-0.46, 0.94)
FBF-ratio% -8 (-253, 237) 458 40 (7–72) 0.24 (-0.71, 0.88)

AUC0-45 FBFinfused 15 (-81, 110) 178 12 (2–22) 0.78 (-0.07, 0.98)
FBF-ratio 4 (-83, 90) 162 26 (5–46) 0.18 (-0.74, 0.87)
FBFinfused% 1613 (-3932, 7158) 10 359 25 (5–45) 0.56 (-0.46, 0.94)
FBF-ratio% 2144 (-3908, 8197) 11 307 26 (5–47) 0.24 (-0.71, 0.88)

DFBF0-45 FBFinfused 0.6 (-1.7, 3.0) 4.4 14 (3–25) 0.75 (-0.15, 0.97)
FBF-ratio -0.6 (-3.8, 2.6) 6.0 43 (8–77) -0.23 (-0.88, 0.71)
FBFinfused% 29 (-154, 212) 342 29 (5–52) 0.56 (-0.46, 0.94)
FBF-ratio% -8 (-253, 237) 458 40 (7–72) 0.24 (-0.71, 0.88)

WCV, within-subject coefficient of variation; ICC, intraclass correlation coefficient; SBP, systolic blood pressure; DBP, diastolic
blood pressure; FBFinfused, forearm blood flow in the infused arm; FBFnon-infused , forearm blood flow in the noninfused arm; FBF-
ratio, ratio of forearm blood flow between the infused and noninfused arm. FBF45, FBF at 45 min; AUC0-45, the area under the
curve from baseline to 45 min; DFBF0-45, change in FBF from baseline to 45 min. FBF response is expressed as: (1) FBFinfused

(ml min-1 dl-1 forearm) (2) FBF-ratio (3) percentage change from baseline in FBF in the infused arm (FBFinfused%,%) and (4)
percentage change from baseline in FBF-ratio (FBF-ratio%, %).
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