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Abstract
Aims: The aim of this study was to compare the hyperaemic effect of a single bolus regadenoson injection to 
a central venous adenosine infusion for inducing hyperaemia in the measurement of fractional flow reserve 
(FFR).

Methods and results: One hundred patients scheduled for FFR measurement were enrolled. FFR was 
first measured by IV adenosine (140 µg/kg/min), thereafter by IV bolus regadenoson injection (400 µg), 
followed by another measurement by IV adenosine and bolus injection of regadenoson. The regadenoson 
injections were randomised to central or peripheral intravenous. Hyperaemic response and duration of steady 
state maximum hyperaemia were studied, central versus peripheral venous regadenoson injections were com-
pared, and safety and reproducibility of repeated injections were investigated. Mean age was 66±8 years, 
75% of the patients were male. The target stenosis was located in the LM, LAD, LCX, and RCA in 7%, 
54%, 20% and 19%, respectively. There was no difference in FFR measured by adenosine or by regadenoson 
(ΔFFR=0.00±0.01, r=0.994, p<0.001). Duration of maximum hyperaemia after regadenoson was variable 
(10-600 s). No serious side effects of either drug were observed.

Conclusions: Maximum coronary hyperaemia can be achieved easily, rapidly, and safely by one single 
intravenous bolus of regadenoson administered either centrally or peripherally. Repeated regadenoson injec-
tions are safe. The hyperaemic plateau is variable. Clinical Trial Registration: http://clinicaltrials.gov/ct2/
show/study/NCT01809743?term=NCT01809743&rank=1 (ClinicalTrials.gov Identifier: NCT01809743)
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Introduction
For correct decision making with respect to revascularisation in 
the catheterisation laboratory and performing coronary interven-
tions, induction of maximum coronary and myocardial hyperaemia 
is often indispensable. Fractional flow reserve (FFR), defined as 
the ratio of maximal blood flow in a stenotic artery to maximal 
blood flow if the same artery were completely normal, is the current 
standard to assess if a particular stenosis is functionally significant, 
i.e., capable of inducing myocardial ischaemia1-3.

In most studies validating FFR, a central venous infusion of 
adenosine (140 µg/kg/min) was used to create maximum coronary 
hyperaemia. Adenosine is reliable, safe, well investigated, and its 
hyperaemic effect is very reproducible4,5. Side effects include inno-
cent chest discomfort, an increase in heart rate of approximately 10% 
and a decrease in blood pressure of approximately 10%, and rarely 
transient AV block4. Very rarely, bronchospasm might occur, which 
is why adenosine is generally avoided in severe asthma patients.

In many countries, production of standard infusion bags of aden-
osine for intravenous use (200 mg in 100 ml) is cheap and hospi-
tal-pharmacy-based. In others, the preparation of adenosine is not 
trivial, the price is high and the preference for central venous infu-
sion, with the need for a femoral sheath, may be a barrier to its use. 
Consequently, some physicians avoid central venous administration 
of adenosine. In an attempt to simplify coronary physiologic meas-
urements, some physicians have opted to abandon maximum coro-
nary hyperaemia and to rely upon resting indices like the distal to 
proximal pressure ratio at rest (Pd/Parest) or the instantaneous wave-
free ratio (iFR)6, both equally performing but decreasing diagnostic 
accuracy5,7,8. Therefore, endeavours to find other, easy-to-use phar-
macologic stimuli to replace central venous adenosine administra-
tion are indisputable.

Regadenoson is a relatively new, A2A-receptor selective, non-
weight-based hyperaemic stimulus known for its rapid onset and 
simple method of administration, approved for use in myocardial 
perfusion imaging9. Several non-randomised studies have been per-
formed to investigate regadenoson for FFR measurement10-12.

The present randomised study in 100 patients was performed with 
the following aims: 1) to investigate if the coronary hyperaemia 

induced by a single bolus regadenoson (400 µg) is equal to hyperae-
mia induced by central venous adenosine infusion (140 µg/kg/min); 
2) to determine the time intervals to onset of maximum hyperaemia 
and the duration of steady-state hyperaemia if present; 3) to compare 
central venous versus peripheral venous administration of regadeno-
son; and 4) to investigate any potential side effects as well as safety 
and reproducibility of repeated regadenoson injections.

Methods
PATIENT SELECTION
The study was approved by the institutional review board of the 
Catharina Hospital Eindhoven and is registered at the National 
Institutes of Health Clinical Trials website (NCT01809743). All 
patients provided written informed consent. One hundred patients 
between the ages of 18 and 80 years scheduled for invasive meas-
urement of FFR for diagnostic or interventional purposes were 
included. All coronary artery lesions under investigation were 
located in the proximal or mid segment of a coronary artery with 
a reference diameter of at least 2.0 mm.

Exclusion criteria were severe aortic valve stenosis, known con-
duction disturbances (second- or third-degree AV block), acute 
myocardial infarction (CK >1,000 U/L less than five days ago), 
bradycardia (less than 50 beats/min), severe hypotension, extremely 
tortuous or calcified coronary vessels precluding FFR measure-
ment, inability to perform catheterisation by femoral approach, 
history of severe asthma, pregnancy and/or inability to provide 
informed consent.

Because of its interaction with adenosine-mediated effects, the use 
of dipyridamol in the past 48 hours or the use of methylxanthines in 
the past 12 hours was each considered an exclusion criterion.

RANDOMISATION
Patients were randomised with respect to the sequence of regaden-
oson administration. According to the investigational protocol 
(Figure 1), FFR was first measured by central intravenous infu-
sion of adenosine (140 µg/kg/min), thereafter by intravenous bolus 
injection of regadenoson (400 µg), followed by a repetitive meas-
urement by central intravenous infusion of adenosine and a second 
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Figure 1. Measurement protocol. Measurement protocol for the different hyperaemic stimuli. True baseline Pd/Pa, as at the start of the 
experiment, is not achieved again in most patients during the study after the first bolus injection of regadenoson.
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bolus injection of regadenoson. Regadenoson administration was 
randomised to central-central, central-peripheral, peripheral-cen-
tral, and peripheral-peripheral, in a 1:1:1:1 ratio.

CATHETERISATION PROTOCOL
All patients underwent cardiac catheterisation and coronary angi-
ography by the femoral approach using a 6 Fr sheath in one of the 
femoral arteries. In all patients, a 5 Fr femoral venous sheath was 
introduced and a peripheral infusion (18 gauge) was placed in the 
antebrachial vein or a vein located on the distal part of the forearm. 
An adequate guiding catheter was introduced and advanced into 
the coronary artery of interest and control angiograms were made 
in the standard manner. In each patient, only one coronary artery 
was selected for study purposes. Next, the pressure guidewire (PW 
Certus™; St. Jude Medical, St. Paul, MN, USA) was advanced and 
equalised with the pressure sensor at the tip of the guiding cath-
eter, according to state-of-the-art coronary pressure measurement. 
Hereafter, the pressure wire was advanced into the coronary artery 
sufficiently distal to the study lesion, and was maintained in that 
position during the remaining part of the study. Distal coronary 
pressure (Pd) and aortic pressure (Pa) were measured simultane-
ously and recorded.

Central venous infusion of adenosine was started at a rate of 
140 µg/kg/min (Figure 1). After steady state maximum hyperaemia 
had been achieved and maintained for at least 30 seconds, adeno-
sine infusion was stopped. FFR was measured as the lowest value 
of Pd/Pa achieved during steady state maximum hyperaemia.

As soon as haemodynamic conditions returned to baseline, the 
first single bolus injection of regadenoson of 400 µg (Rapidscan 
Pharma Solutions, London, UK) was administered, either centrally 
or peripherally according to the randomisation protocol, followed 
by a 10 cc flush of saline. The time to onset of hyperaemia, haemo-
dynamic conditions and duration of steady state hyperaemia were 
recorded. Again, FFR was measured as the lowest value of Pd/Pa 
achieved during steady state hyperaemia. The duration of steady 
state hyperaemia was defined as the period of time from the nadir 
of Pd/Pa until Pd/Pa increased to more than 0.02 above its low-
est value. Recording was continued until the hyperaemic effect had 
faded by at least 50%, with a minimum of two and a maximum of 
10 minutes. Thereafter, the second central venous infusion of aden-
osine was started and again maximum coronary hyperaemia was 
recorded for at least 30 seconds.

Finally, the second single bolus of regadenoson was adminis-
tered, either centrally or peripherally according to the randomisa-
tion protocol, and its hyperaemic effect was studied again. If the 
maximum hyperaemic effect of the first bolus injection of regaden-
oson lasted longer than 10 minutes, the second bolus injection was 
withheld.

At the end of the measuring sequence, the pressure wire was 
pulled back to the tip of the guiding catheter to verify (absence of) 
drift in the pressure wire. If an intervention was indicated based 
upon the FFR measurement with adenosine (FFR value ≤0.80), it 
was performed subsequently.

SAFETY AND SIDE EFFECTS
Systolic and diastolic blood pressure and heart rate were moni-
tored continuously and differences between baseline and maximum 
hyperaemia with the different stimuli were recorded. Potential side 
effects including chest pain, shortness of breath, headache, nau-
sea or any other side effect affecting the patient were assessed and 
scored on a patient’s discomfort scale, ranging from 1 to 10, with 
1 being very little discomfort and 10 being very severe discomfort. 
The effects of repeated injections of regadenoson were investigated 
accordingly.

STATISTICAL ANALYSIS
Because the standard deviation of repeated FFR measurements in 
previous studies was ≤0.025,13, we postulated that a difference of 
>0.02 in minimal Pd/Pa would reject equivalence of regadenoson 
to adenosine for induction of maximum hyperaemia. To measure 
agreement between the two methods of measurement, a Bland-
Altman plot was used besides a linear regression with Pearson’s 
correlation coefficient and a two-tailed test for significance14. 
A sample size of 100 patients was deemed sufficient to keep stand-
ard errors of the 95% limits of agreement small as recommended 
by Bland14.

Data are presented as mean±SD. The Student’s paired t-test was 
used to compare haemodynamic parameters from baseline to maxi-
mal hyperaemia and to compare mean overall change in haemody-
namic status.

To compare the two hyperaemic stimuli, the means of both FFR 
values measured by the same hyperaemic stimulus were compared. 
Peripheral venous bolus injections of regadenoson were compared 
to central venous adenosine infusion as well as central venous bolus 
injections to central venous adenosine infusion. To test the repro-
ducibility of maximum coronary hyperaemia induced by regadeno-
son and compare different methods of administration (i.e., central 
versus peripheral), the first and second FFR values measured with 
regadenoson were compared. Reproducibility of maximum coro-
nary hyperaemia by central venous adenosine infusion was also 
investigated. Results were considered statistically significant at 
p<0.05. Statistical analysis was performed with SPSS software ver-
sion 19 (IBM Corp., Armonk, NY, USA).

Results
BASELINE CHARACTERISTICS
Baseline characteristics are presented in Table 1. In the patient pop-
ulation 75% were male, the mean age was 66±8 years, mean height 
was 172±9 cm and mean body weight was 79±14 kg. Almost all 
patients had multiple risk factors for coronary atherosclerosis, and 
21% had diabetes mellitus. In total, 43% of the patients had under-
gone a previous percutaneous coronary intervention and 36% had 
a previous myocardial infarction. The study lesion was located in 
the LM, LAD, LCX, and RCA in 7%, 54%, 20% and 19%, respec-
tively. The mean reference diameter was 3.2±0.6 mm. The severity 
of coronary artery disease was well balanced within the patient pop-
ulation: single-vessel disease in 33% of the population, two-vessel 
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disease in 43%, and three-vessel disease in 24% of the population. 
Visual stenosis severity varied from 30% to >90% (Figure 2).

PROCEDURAL CHARACTERISTICS AND OUTCOME
The study protocol was successfully performed in all patients with-
out any complication. It was possible to advance a pressure guide-
wire to the desired location of interest in all patients. Adenosine 
was administered twice in all patients, and regadenoson was admin-
istered twice in 88 patients. In 12 patients, only one injection of 
regadenoson was administered because the maximum hyperaemic 
effect of regadenoson persisted beyond ten minutes.

In one patient, FFR after the first injection of regadenoson was 
excluded for further analysis because of drift of the pressure wire. 
This also happened in one patient after central venous adenosine 
infusion.

The average FFR value in the study population was 0.75±0.10 
(range 0.41-0.96), both with central venous infusion of adenosine 
as well as with bolus injections of regadenoson.

Table 1. Baseline and procedural characteristics of the study 
population (N=100).

Baseline characteristics

Age (yrs) 66±8

Male/female 75/25

Length (cm) 172±9

Weight (kg) 79±14

Clinical characteristics

Hypertension 54

Hypercholesterolaemia 36

Diabetes mellitus 21

Active smoking 20

Family history of premature CAD 33

Previous PCI 43

Previous MI 36

Angiographic variables

Diagnostic/interventional procedure 48/52

Severity of 
CAD

- single-vessel 33

- 2-vessel 43

- 3-vessel 24

Target vessel - Left main 7

- Left anterior descending 54

- Left circumflex 20

- Right coronary artery 19

Vessel diameter 3.2±0.6

Stenosis 
percentage

- 30-50% 35

- 50-70% 38

- 70-90% 20

- >90% 6

Values are mean±SD or %. CAD: coronary artery disease; MI: myocardial 
infarction; PCI: percutaneous coronary intervention

>90
70-90

50-70

30-50

Figure 2. Visual stenosis percentage of the study lesion. Visual 
stenosis severity of the study lesion was 30-50%, 50-70%, 70-90% 
and >90% in 35%, 38%, 20% and 6%, respectively.

FFR was ≤0.80 in 64 coronary arteries under investigation. Of 
the 64 haemodynamically significant lesions, 52 lesions (81%) 
underwent revascularisation with PCI (55%) or CABG (27%). 
Twelve lesions were treated medically due to very diffuse spatial 
distribution of atherosclerosis, not suitable for mechanical revas-
cularisation. All coronary arteries investigated with an FFR >0.80 
were treated medically.

COMPARISON OF HYPERAEMIA AFTER THE DIFFERENT 
STIMULI
FFR measured after central venous adenosine infusion was equal 
to FFR measured by either peripheral or central venous injection of 
regadenoson in all patients with an average difference of 0.00±0.01 
and an absolute difference of less than 0.02 in 97/100 patients 
(r=0.994, p=<0.001) (Figure 3). Also, no difference was observed 
in FFR when comparing only central or only peripheral bolus injec-
tions of regadenoson with central venous infusion of adenosine. In 
not a single (0) patient was classification with respect to ischaemia 
with regadenoson different from classification with adenosine.

The reproducibility of regadenoson was excellent as well, with 
a difference of 0.01±0.02 between the first and the second admin-
istration, irrespective of the manner of administration (r=0.990, 
p<0.001) (Figure 4A). In those patients receiving one peripher-
ally and one centrally administered bolus injection of regadenoson, 
the hyperaemic effect and associated haemodynamic effects were 
identical.

Finally, as expected, coronary hyperaemia induced by central 
venous adenosine infusion was very reproducible as well, with 
a difference of 0.01±0.02 (r=0.987, p=0.001) (Figure 4B).

ONSET OF MAXIMUM HYPERAEMIA AND DURATION OF THE 
HYPERAEMIC PLATEAU
The onset of hyperaemia after central venous administration of 
adenosine has been well described before and varies between 30 
and 90 seconds. This was also the case in all patients in this study. 
Steady state hyperaemia could be maintained during infusion in 
all patients, with, in a few patients only, some small periodic fluc-
tuations which have been described before and are attributable to 
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rapid metabolisation of adenosine in combination with breathing or 
Valsalva manoeuvres.

The onset of maximum hyperaemia after central venous injection 
of regadenoson was 22±9 sec, and for peripheral injection this was 
30±13 sec. The duration of the hyperaemic plateau for regadenoson 
was variable and lasted between 10 seconds and more than 10 min-
utes (Figure 5). In 90% of the patients, the plateau lasted at least 
19 seconds and in 75% it lasted at least 58 seconds. The mean dura-
tion of the hyperaemic plateau was 163 seconds.

For regadenoson, following steady state hyperaemia, we 
observed a fluctuating level of hyperaemia with alternating levels 

of submaximum hyperaemia and maximum hyperaemia in 31% of 
the patients (Figure 6). This state lasted for several minutes, after 
which hyperaemia slowly vanished without complete return of Pd/
Pa to baseline. The cycle length of this fluctuation was unpredict-
able and variable within one patient.

SIDE EFFECTS AND SAFETY OF REPEATED REGADENOSON 
INJECTIONS
The vast majority of all patients experienced the well-known chest 
discomfort or shortness of breath, both during adenosine adminis-
tration as well as after regadenoson administration. The severity of 
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Figure 3. Linear regression analysis and Bland-Altman agreement. Relation between FFR measurement during central venous infusion of 
adenosine and single intravenous bolus of regadenoson in all patients (N=100, r=0.994, p<0.001) (A); in patients with at least one peripheral 
injection of regadenoson (N=73, r=0.991, p<0.001) (C); and patients with at least one central injection of regadenoson (N=72, r=0.995, 
p<0.001) (E), and the corresponding Bland-Altman plots (B, D and F).
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chest complaints, graded on the discomfort scale described above, 
was classified as 6/10 for adenosine and 4/10 for regadenoson 
(p<0.001). In not a single patient was this a reason to stop the infu-
sion or not to complete the study protocol. With adenosine, this 
chest discomfort persisted as long as the infusion lasted, while with 
regadenoson the chest discomfort was present early after admin-
istration and disappeared thereafter, even if the hyperaemic effect 
persisted.

During the 200 runs of central venous adenosine infusion in this 
study, no serious side effects were noted and in only six patients 
innocent, quickly transient, AV conduction disturbances occurred 
without the necessity to interrupt administration. In five cases, 
AV conduction disturbances occurred only with adenosine infu-
sion, and in one case the conduction disturbance occurred with 
both drugs. No other side effects, except the well-known chest 
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Figure 4. Reproducibility of FFR measurement by regadenoson and adenosine. Reproducibility of FFR measurement with single intravenous 
bolus injections of regadenoson (N=87, ΔFFR=0.01±0.02, r=0.990, p<0.001) (A). Reproducibility of FFR measurement with central venous 
adenosine infusion (N=99, ΔFFR=0.01±0.02, r=0.987, p<0.001) (B).
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Figure 5. Duration of steady state maximum hyperaemia induced by 
regadenoson. Distribution of duration of the length of steady state 
maximum hyperaemia induced by the first bolus injection of 
regadenoson (either central or peripheral) in the study population.

discomfort, were observed with intravenous adenosine. Apart from 
the chest discomfort and one case of AV conduction disturbances, 
no side effects were seen with the injections of regadenoson (either 
peripheral or central).

The influence of adenosine and regadenoson on blood pressure 
and heart rate is presented in Table 2. Systolic and diastolic blood 
pressure decreased by 4% and 6%, respectively, during administra-
tion of central venous adenosine, and by 6% and 7%, respectively, 
after regadenoson injections. Heart rate increased by seven beats 
per minute (10%) during adenosine administration, compared to 
14 beats per minute (20%) after regadenoson (p<0.001).

Table 2. Haemodynamic effects of adenosine and regadenoson.

Baseline Adenosine Regadenoson

SBP (mmHg) 130±22 126±24 122±23*

DBP (mmHg) 67±10 63±12 62±11¶

HR (bpm) 69±12 76±14 83±13‡

Values are mean±SD. DBP: diastolic blood pressure; HR: heart rate; 
SBP: systolic blood pressure. *p<0.001 compared to baseline, p=0.01 
compared to adenosine. ¶p<0.001 compared to baseline, p=0.340 
compared to adenosine. ‡p<0.001 compared to baseline, p<0.001 
compared to adenosine.

Finally, no side effects at all were associated with the repeated 
injection of regadenoson. Patients did not experience increasing 
chest discomfort and there was no additional effect on blood pres-
sure or heart rate with the second bolus injection of regadenoson.

Discussion
This study shows that the hyperaemic effect induced by a single 
peripheral or central intravenous injection of 400 µg of regadeno-
son is equal to hyperaemia after central venous infusion of aden-
osine, considered as the gold standard for inducing maximum 
coronary hyperaemia.

It is the largest prospective study up until now (n=100) compar-
ing the hyperaemic effect of regadenoson and adenosine and the 
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first not only looking at maximum coronary hyperaemia, but also 
at duration of maximum hyperaemia, different ways of administra-
tion of regadenoson injections, and the reproducibility and safety of 
repeated regadenoson injections.

In the clinical practice of the catheterisation laboratory, dif-
ferent hyperaemic stimuli can be used. The easiest is intracoro-
nary adenosine, which is satisfactory in non-complex coronary 
artery disease, but acts too briefly to perform a pressure pull-
back recording or to assess serial lesions. Intracoronary papa-
verine acts longer, but is sometimes accompanied by undesirable 
arrhythmias. On top of that, intracoronary administration of 
adenosine as well as papaverine is not reliable when assess-
ing ostial lesions. Peripheral venous infusion of adenosine has 
a slower onset of action and less reliable coronary hyperaemia4. 

Figure 6. Maximum hyperaemia followed by fluctuating levels of 
hyperaemia after regadenoson injection and corresponding 
adenosine infusion. Example of hyperaemia induced by regadenoson 
and adenosine. A) Full registration of regadenoson-induced 
hyperaemia (peripheral single bolus injection, 400 μg). Following 
a steady state hyperaemia for approximately five minutes, 
a fluctuating state of submaximal hyperaemia occurs, before 
hyperaemia fades. B) Detail of the steady state hyperaemia with 
regadenoson injection. C) Corresponding maximum hyperaemia 
with central venous infusion of adenosine in the same patient.

Central venous infusion of adenosine creates steady state coro-
nary hyperaemia and is very useful in more complex coronary 
artery disease, particularly if a pressure pullback recording has 
to be made. However, as stated in the introduction, it has some 
practical disadvantages.

As shown in this study, hyperaemia induced by regadenoson has 
a rapid onset, within one minute in all cases. Although the duration 
of hyperaemia is variable, it lasts sufficiently long for a pressure 
pullback recording in almost all patients. In addition, regaden-
oson can be used to assess ostial lesions, has no noticeable side 
effects, apart from the well-known chest discomfort, and is safe for 
repeated administration. The price of a single vial of regadenoson, 
used for one single bolus injection, is roughly equivalent to that of 
a vial of adenosine.

Finally, if administered peripherally, the action is equal to central 
venous injection. This means that introduction of a central venous 
sheath can be avoided. This study shows that regadenoson is a suit-
able alternative in many patients for central venous infusion of 
adenosine to induce maximum coronary hyperaemia.

In recent years, several non-randomised studies have been per-
formed to investigate the hyperaemic effects of regadenoson with 
comparable excellent results10-12. However, none of these studies 
systematically tested the reproducibility of regadenoson bolus 
injections and the safety of consecutive administrations, nor com-
pared central versus peripheral administration, nor studied the 
time intervals of length of the hyperaemic plateau or the duration 
of action.

A specific observation of interest in this study was that steady 
state hyperaemia with regadenoson was followed by a phase of 
fluctuating levels of (submaximum) hyperaemia, where some-
times the minimal value of Pd/Pa was achieved (FFR), alternating 
with periods of submaximum hyperaemia. These fluctuations can 
sometimes be observed with central venous infusion of adeno-
sine as well, specifically if the dosage is not high enough or if 
the patient is performing Valsalva manoeuvres, due to suboptimal 
dosages of adenosine reaching the coronary circulation15,16. This 
variable duration of maximum hyperaemia and subsequent fluctu-
ating level of hyperaemia with regadenoson injection has not been 
described before. Probably both the variable duration of maxi-
mum hyperaemia as well as this fluctuation in the decline phase 
of hyperaemia are due to the metabolisation of regadenoson. Most 
likely this does not affect its usability in myocardial perfusion 
imaging, since regadenoson has already proven to be non-inferior 
to adenosine17.

A recent FDA warning (November 2013) drew attention to the 
use of regadenoson in cardiac nuclear stress testing, reporting cases 
of myocardial infarction and death following the stress test. In our 
study, we did not see any of these complications, not even with 
repeated administration of regadenoson. Nevertheless, it should be 
kept in mind that all systemic vasodilatory drugs can cause myo-
cardial ischaemia in severe coronary artery disease due to coronary 
steal in a collateral-dependent myocardial distribution, irrespective 
of which drug is used.
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Finally, in the current practice with a high prevalence of radial 
procedures in many catheterisation laboratories, the opportunity 
to administer a hyperaemic stimulus by a single peripheral injec-
tion is often advantageous because the routinely present peripheral 
venous access can be used without the necessity of extra punc-
tures. Therefore, the decision for ad hoc FFR measurement during 
a radial procedure is facilitated.

Limitations
The hyperaemic plateau after a single bolus injection of regaden-
oson ranged from 10 seconds to more than 10 minutes. A ten-
second window of steady state hyperaemia is too short in some 
patients for performing extensive pressure pullback recordings 
in order to be informed about the spatial distribution of disease 
along a coronary artery. Therefore, in patients with complex or 
diffuse coronary artery disease, adenosine remains the drug of 
choice. We cannot explain this variation in length of the hyperae-
mic plateau with regadenoson. Although regadenoson is admin-
istered as a non-weight-based injection, we looked at the relation 
between body weight and length of the hyperaemic plateau with-
out finding a correlation (r=0.375). Another possible explanation 
could be the use of caffeine, which is known to attenuate the 
duration of coronary vasodilatation induced by regadenoson at 
high concentrations18. To test this hypothesis, we measured caf-
feine levels during the procedure in 15 patients, which did not 
show any correlation to the duration of the hyperaemic plateau 
(r=0.481).

Furthermore, this study proves the safety of two injections of 
regadenoson within a few minutes (four to 12 minutes, depending 
on the duration of hyperaemia after the first regadenoson injection), 
but did not investigate the safety of more than two injections of 
regadenoson. Therefore, for the time being, use of regadenoson for 
FFR measurement is recommended only when measurements have 
to be performed in one or two arteries.

Finally, the hyperaemic effect of regadenoson was studied only 
in patients with stable coronary artery disease. It was not studied in 
patients presenting with an acute coronary syndrome within the last 
five days. However, in acute coronary syndrome, measurement of 
FFR is generally not indicated.

Conclusions
Maximum coronary hyperaemia can be achieved easily, rapidly, 
and reproducibly by one single body-weight-independent intra-
venous bolus injection of regadenoson administered in either 
a central or a peripheral vein. The onset of hyperaemia occurs 
within 30 seconds and the hyperaemic plateau is sufficiently long 
to perform a pressure pullback recording in almost all patients. 
Repeated administration of regadenoson is safe and can be neces-
sary because the hyperaemic plateau after a single injection is quite 
variable. Finally, this study also confirms the safety and reliabil-
ity of central venous adenosine infusion, as steady state maximum 
coronary hyperaemia was achieved in all patients without notice-
able side effects.

Impact on daily practice
Regadenoson is an easy, rapid and safe hyperaemic stimulus 
creating maximum coronary hyperaemia comparable to cen-
tral venous adenosine infusion for measuring FFR. It is body-
weight-independent and can be administered in a peripheral vein. 
Therefore, its use is practical for ad hoc FFR measurement  dur-
ing diagnostic angiography and in radial procedures.
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