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ABSTRACT 

 

Coronary fractional flow reserve (FFR) has been advocated as the gold standard approach in assessment of the 

intermediate coronary stenosis. The aim of the current study was to delineate efficacy of contrast versus adenosine 

FFR. Recent literatures about the definition, features, clinical relevance, advantages/disadvantages of both 

aforementioned methods, were reviewed, scrutinized and reviewed. We searched through various databases such 

as National Library of Medicine (NLM), MEDLINE and PubMed up to August 2017. It appears credible that 

according to our brief review, clinical relevance of contrast-FFR is justified and due to its applicability, accessibility 

and budget friendly nature, it could be used as an alternative method of FFR measurement. 
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INTRODUCTION 

 

Coronary artery disease (CAD) is a foremost cause 

of morbidity in developed countries (1). Though 

the morbidity rate of this condition has been 

progressively alleviated during the past decades, it 

is still accountable for roughly one-third of all 

deaths in people older than 35 years (2-4). 

 

The clinical importance of moderate coronary-

artery-stenosis is hard to define. Fractional flow 

reserve (FFR) is considered as an invasive 

diagnostic guide to measure the physiological 

significance of these intermediate epicardial 

coronary artery stenoses. FFR is considered as the 

gold standard method in evaluation of the 

intermediate coronary artery stenoses (5). An FFR 

of 1.0 is widely accepted as normal. An FFR lower 

than 0.75-0.80 is generally considered to be 

associated with myocardial ischemia (6). Concept  

 

of using FFR as a physiologic indicator is based on 

two main reasons. First, due to nonquantitative 

nature of angiogram, it does not provide 

impeccable clinical guidance for decision making of 

these intermediate lesions, whereas FFR relies on 

physiologic rather than anatomic evidences. Next, 

making decision to do PCI or CABG relies on 

documentation of ischemia, which cannot be surely 

confirmed via angiography (22, 23, 24). 

Angiography lacks vital information regarding 

assessment of vascular lumen. Assessment of 

angiographic images is unreliable and daunting, 

since it is a two-dimensional image from a three-

dimensional object, in addition it couldn’t delineate 

lucid image regarding vascular characteristics, 

namely plaque size, length or peculiarity. 

Moreover, estimation of severity of coronary 

lesions by angiography poses other limitations in 

branch overlap, vessel foreshortening, calcified 

lesions, ostial lesions and contrast streaming that 

makes it inaccurate (30). 
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In 1990 novel concept of myocardial FFR was 

postulated by N. Pijls and B. De Bruyne. Indeed, 

application of this novel method for first time was 

tested and confirmed among animal samples and 

then it was tested in humans (7, 8).  Various 

clinicians and scholars tend to reach a consensus 

regarding impeccable, harmless cutoff values for 

FFR. For instance, Pijls and colleagues (1996) 

postulated that FFR cutoff value of 0.75 maintains 

a positive predictive value of 100% and a negative 

predictive value of 88% to assess the manifestation 

of ischemia (9). In another study Pijls and 

colleagues (2015), postulated that deferral of PCI 

with respect to FFR was outstanding and morbidity 

rate or acute MI were less than 1% per year that 

couldn’t be lowered more by stenting 

(10). Afterward, FFR concept was tested and 

validated in more convoluted circumstances such 

as multiple lesions, multivessel disease, in-stent 

restenosis, post-stenting, left main disease, 

bifurcation lesions (11-16).  Regarding measuring 

FFR, it is critical to maintain highest vasodilation of 

two vascular regions, explicitly the epicardial and 

microvascular arteries. If optimum vasodilation is 

not achieved, the FFR will be overestimated due to 

lower measurement of pressure gradient across 

the lesion. Various hyperemic stimulants have been 

proposed so far, i.e. adenosine, adenosine 5’-

triphosphate (ATP), and papaverine (18-21). 

Aforementioned stimulants are administered 

through IV infusion or intracoronary (IC) bolus 

injection (17).  

 

FFR practicalities: 

• Catheters 

• Wires 

• Hyperemia 

• Anticoagulation (17) 

 

FFR procedure: 

• Anticoagulation, i.e. IV heparin or 

bivalirudin 

•  IC nitroglycerin  

• Connecting pressure wire to pressure 

analyzer device and modify the wire 

according to the atmospheric pressure out 

of body  

• Wiring up tip of the catheter and making 

sure to be fully covered  

• The wire is advanced through the guide to 

the coronary artery and guiding pressure 

are equalized before crossing the lesion at 

the tip of the guide 

• Moving catheter throughout the stenosis 

(2 cm distal to the coronary lesion) 

• Inducing hyperemia via IV adenosine (140 

mcg/kg/min), IC bolus adenosine (20-30 

mcg regarding right coronary artery, 60 

mcg or 100 mcg with respect to left 

coronary artery). 

• Obtaining FFR, which is calculated via 

Pd/Pa at the base of distal pressure 

acknowledged to be the point of maximal 

hyperemia 

• PCI’s pressure wire can be simultaneously 

used as angioplasty guide wire as well 

• Ultimately, the wire is pulled back into 

guide (25). 

* Dosage/Speed in administration of Contrast:  

 

After baseline Pd/Pa was calculated, a single 

contrast medium injection of 6 ml (3 ml/s) was 

performed manually. Within 10 s after the contrast 

medium injection, the contrast medium induced 

Pd/Pa ratio was gauged (29, 36). 

 

DISCUSSION 

 

Abovementioned FFR procedure is more less the 

same with respect to various hyperemia 

stimulants. Pragmatically speaking, ideal 

hyperemia agent should maintain following 

characteristics, namely, low cost, minimal side 

effect, fast start and short duration (17). 

 

IV adenosine tends to be the widely acceptable 

approach regarding inducing hyperemia due to its 

stable state and maintaining continual hyperemia. 

Adenosine’s action onset is fast, it maintains short 

fast half-life less than 10 seconds. This half-life 

would enable the clinician to easily and slowly 

pullback the pressure wire. This feature is useful, 

when clinicians want to spot specific location of 

drop-off for both single/multi lesions. Assessment 

of aorto-ostial narrowing via IV adenosine is 

feasible, without experiencing catheter 

impediment due to maintaining maximal coronary 

flow (18). With respect to comparing efficacy of IV 

adenosine over adenosine IC procedure, Jeremias 

and Colleagues (2000), postulated that elevated 

doses of IC adenosine (>60 mcg) might improve 

hyperemia and generate lower FFR values (24, 25). 

In current review we aim to tackle subject 

regarding Efficacy of Adenosine FFR versus 

Contrast FFR, we are going to delineate hyperemia 

practicality a bit more. 

 

Injection of contrast media and hyperemia 

stimulants: FFRcont, which is regularly used to 

assess the FFR guidewire location, likewise induces 
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hyperemia and may be an alternate method of 

measuring the FFR. In a study conducted by Nobuo 

and Colleagues (2017), they assessed Contrast-

induced Hyperemia as Substitute to Drug-induced 

Hyperemia in the assessment of the Fractional 

Flow Reserve in Coronary Lesions. They 

announced that since inducing hyperemia via 

adenosine may cause rhythmic complications. The 

postulated that with threshold value of 0.82 and 

excellent sensitivity and a negative predictive 

value, FFRcont is considered as alternative 

approach of inducing hyperemia. Consistent with 

the subject of current study, Selim and 

Colleagues(2016), compared Efficacy of coronary 

fractional flow reserve using contrast medium 

compared to adenosine. They proposed that FFR 

measurements via contrast is practicable and 

characterize a novel index in the measurement of 

hemodynamically substantial coronary stenoses as 

a substitution to adenosine. Due to potential side 

effects of adenosine such as infusion, timewasting 

and even higher price in comparing to contrast, 

which is more accessible and cheaper comparing to 

adenosine. Furthermore, in Selim’s study it is 

reported that with respect to baseline Pd/Pa, 

together adenosine and the contrast medium 

produced significant hyperemia and decreased 

hyperemic Pd/Pa values (FFRad and FFRcont). No 

significant differences between FFR.ad and 

FFRcont values were found (p = 0.108) and 

significant positive correlation between FFRad and 

FFRcont was detected (r = 0.886 and p < 0.001) 

(29). Table below illustrates aforementioned 

points in Selim’s study.  

 
 

Figure 1.Correlation Plot Between Adenosine and Contrast 
 

Adapted from “Efficacy of coronary fractional flow 

reserve using contrast medium compared to 

adenosine (29). 

In another study conducted by Bapista and 

Colleagues (2013), they examined function of 

Contrast-induced hyperemia in the functional 

evaluation of coronary lesions with a pressure 

wire. In their study, FFRcont<0.80 presented a 

sensibility of 100%, specificity 88%, PPV 78% and 

NPV 100% for the spotting the lesions with 

FFRad<0.80. All lesions with a FFRcont>0.84 

(n=24, 41.1%) maintained a FFRad≥0.80. Finally, 

they concluded that the functional severity of 

lesions was correctly assessed via FFRcont in 72% 

of cases (37). In consistent with the result of our 

study Leone and Colleague (2015), postulated that 

contrast FFR is considered as reliable approach in 

predicting the functional significance of coronary 

stenosis (36).  

 

Nowadays, various studies have been conducted so 

far in assessment of FFRcont; some of these studies 

discuss FFRcont as reliable, cheap, time saving and 

practical method, which can generate adequate 

hyperemia in assessment of hemodynamic 

importance of coronary stenosis (31, 32, 33). 

 

In the past it was proposed that FFRcont may 

induce submaximal hyperemia (34), nonetheless 

now it is substantiated by various literatures that 

FFRcont induces efficient adequate hyperemia and 

could be used in the assessment of intermediate 

coronary stenosis (35, 36).  

 

All in all, it appears plausible that according to 

aforementioned study and confirming clinical 

relevance of FFRcont and its applicability, 

accessibility and budget friendly nature, it can be 

used as alternative method over FFR via adenosine.  
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