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Maximal hyperemia is essential for FFR measurement

Epicardial Artery Microvasculature

Nitrates (100-200 µg IC)

Vasoconstriction

Adenosine...... 

Microvascular resistance
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Maximal hyperemia: Which and How?

Intravenous infusion

- Adenosine, ATP 140 µg/kg/min

- Dobutamine 20-40 µg/kg/min

Intracoronary bolus

- Papaverine 10 - 20 mg

- Adenosine, ATP 20-720 µg

- Nitroprusside 0.3-0.9 µg/kg

- Nicorandil 2mg

Intracoronary infusion

- Adenosine 240µg/min

Intravenous bolus

- Regadenoson 400µg
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Comparison of vasodilatory stimuli

de Bruyne et al. Circulation 2003
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IC adenosine: the easiest, but not the best

• Simple and inexpensive

• Short action time, not adequate for pressure pullback and IMR/CFR

• Less effective than IV infusion in some patients

• Difficult to use in patients with ostial disease

• Inaccurate with side hole guiding catheter

• More frequent AV block than with IV infusion

Time-to-peak: 15”

Plateau: 5”

Total duration: 35”

Seoul National University Hospital
Cardiovascular Center 5



IV adenosine: “Gold standard”

• IV infusion of adenosine: coronary vasodilator of choice

• Central venous access is recommended
– A 4 - 6 Fr sheath in the femoral vein is adequate

– A large gauge IV line in peripheral veins may be used
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Adenosine IV: Advantages

• Very good safety profile; less AV block than IC bolus

• One dose (140 ug/kg/min) is adequate for almost all patients

• Sustained hyperemia for ‘pressure pullback’ recording and IMR

Requires at least > 20-30seconds
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Inconvenience with Adenosine IV via Femoral vein

• Needs central vein access

• Chest pain, bronchospasm, AV block

• Requires large amount of adenosine (cost)

• Difficult to use during trans-radial procedures
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FFR with more convenient hyperemia

IC infusion of adenosine via guiding catheter
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FFR with more convenient hyperemia

IC infusion of adenosine via guiding catheter

Intracoronary infusion
(240ug/min)

Intravenous infusion
(140ug/kg/min)

Intracoronary bolus



Seoul National University Hospital
Cardiovascular Center 11



FFR with more convenient hyperemia

Adenosine infusion via Peripheral vein
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Adenosine infusion via Antecubital vein
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Adenosine infusion via forearm vein     
(most commonly used venous access)

Seo MK, Koo BK, et al. Circulation intervention, 2012

Femoral vein Forearm vein P value

FFR  0.80±0.10 0.80±0.11 0.95

FFR <0.8 27 (44%) 26 (42%) 1.0

IMR 11.8±10.9 11.3±9.2 0.58

FFR with more convenient hyperemia
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FFR with more convenient hyperemia
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FFR with more convenient hyperemia

Nicorandil 

(Sigmart® )

ATP-sensitive K+ ch activator

: dilatation of coronary resistant arterioles

Nitrate-like action

: dilatation of epicardial coronary artery

Seoul National University Hospital
Cardiovascular Center 16

//upload.wikimedia.org/wikipedia/commons/f/f2/Nicorandil.svg


Hyperemic efficacy
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Nicorandil

bolus 2 mg

Adenosine

IV infusion

P value

Fractional Flow Reserve 0.82 ± 0.10 0.82 ± 0.10 0.33

Time to max hyperemia, s 18.3 ± 6.1 43.8 ± 16.0 <0.001

Plateau time, s 27.3 (IQR 17-33) -

IMR 17.2 ± 7.6 18.3 ± 8.7 0.29

Jang HJ, Koo BK, et al. Eur Heart J 2013

N=210



Adenosine

infusion

Nicorandil

Bolus 2 mg

P value

Δ Blood pressure -16.8±9.3 -13.2±5.6 <0.001

Δ Heart rate 5.7±7.1 2.5±5.8 <0.001

Δ PR interval 7.5±13.1 4.7±12.3 0.034

Δ QTc interval 16.7±17.0 1.3±19.5 <0.001

VAS pain score 2.1±2.6 0.9±1.9 <0.001

VAS, visual analogue scale.

Safety Parameters

Transient AV block

- IC bolus of adenosine: 12 patient

- IV infusion of adenosine: 4 patient

- Nicorandil IC bolus: NONE

Jang HJ, Koo BK, et al. Eur Heart J 2013
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Maximal hyperemia: Which and How?

Intravenous infusion

- Adenosine, ATP 140 µg/kg/min

- Dobutamine 20-40 µg/kg/min

Intracoronary bolus

- Papaverine 10 - 20 mg

- Adenosine, ATP 20-720 µg

- Nitroprusside 0.3-0.9 µg/kg

- Nicorandil 2mg

Intracoronary infusion

- Adenosine 240µg/min

Intravenous bolus

- Regadenoson 400µg
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Is hyperemia maximal, reliable and reproducible?
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Stability and reproducibility of FFR (n=389)

with different hyperemic drugs, different routes and different time

Kappa P-value

Adenosine vs. Nicorandil 0.80 <0.001

ATP vs. Nicorandil 0.84 <0.001

Adenosine: Central vs. Periph IV 0.82 <0.001

Kappa Interpretation

0.41 – 0.60 Moderate agreement

0.61 – 0.80 Substantial agreement

0.81 – 1.00 Almost perfect agreement
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Classification agreement
: IV adenosine vs. each alternative methods
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━ IC nicorandil, AUC=0.97

━ IC adenosine, AUC=0.98

━ Peripheral IV adenosine, AUC=0.98
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Maximal Hyperemia for FFR

1. Maximal epicardial and microvascular vasodilation is the key for accurate measurement of FFR. 

2. IV infusion of adenosine is the gold standard for FFR/CFR/IMR measurement.

3. Other routes and drugs can be used when needed,

- Adenosine: IV infusion via large peripheral vein, IC bolus, IC infusion

- Sigmart, papaverine IC bolus

- Regadenosone IV bolus  

4.  Importance of maximal hyperemia cannot be overemphasized, so when you doubt about 
maximal hyperemia,

1) Check the infusion system and solution

2) Increase the dose of hyperemic agent

3) Use the different route of adminstration or different drug
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