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Introduction

Ischemic heart disease is complex and often involves changes in 
the epicardial coronary arteries and myocardial microvasculature. 
Cardiac troponin is a useful tool that may help the clinician in di-
agnosing myocardial infarction.1) Recent studies have shown that 
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cardiac troponins can detect myocardial injury precisely and may 
predict short- and long-term mortality, even among those with no 
significant obstructive coronary artery disease, because high cardi-
ac troponin levels have been associated with anatomical and func-
tional conditions that place patients at risk of future cardiovascular 
events.2-4)
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Functional impairment in the coronary microcirculation is thought 
to be a major pathway in the development of myocardial injury in 
normal epicardial vessels.5)6) Coronary flow reserve (CFR) provides 
information on both epicardial and microvascular resistance.7) In the 
absence of epicardial artery disease, CFR is an important index of 
coronary microcirculatory function. Recently, coronary thermodilu-
tion-derived CFR has been developed, which permits the simulta-
neous assessment of CFR and fractional flow reserve (FFR) using a 
single coronary pressure wire.8)9)

Elevation of cardiac troponin is frequently observed in patients 
without significant coronary lesions, although the mechanism under-
lying this finding remains unclear.10) The aim of our study was to eval-
uate the association between the levels of cardiac troponin and CFR.

Subjects and Methods

Study population
We studied 19 patients with acute chest pain and a lone elevated 

troponin-I level. None of the patients had significant coronary ste-
noses (>30% diameter stenosis). Patients were excluded if they had 
a history of myocardial infarction in the epicardial vessel in the 
previous 12 months, a Thrombolysis in Myocardial Infarction (TIMI) 
flow of less than grade 3, severe renal impairment (estimated Glo-
merular Filtration Rate <30 mL/min), acute inflammatory illness, 
chronic atrial fibrillation, left ventricular (LV) ejection fraction <40%, 
previous coronary artery bypass surgery, or significant valvular heart 
disease. Echocardiography was used to rule out concomitant hyper-
trophic or dilated cardiomyopathy in all patients. Fig. 1 shows the 
study design.

The study protocol was approved by the institutional review board 
of our hospital. Written informed consent was obtained from all pa-
tients.

Troponin-I assay
Troponin-I was measured using an Abbott AxSYM analyzer (Abbott 

Laboratories, Abbott Park, IL, USA) by mass immunoassay with a 
normal upper limit of 0.3 ng/mL, as specified by the manufacturer. 
According to the manufacturer’s recommendations and based on 
our analyses, a definite elevation of troponin-I was defined as a tro-
ponin-I level higher than 0.3 ng/mL.11) The 99th percentile of the URL 
was calculated to be 0.3 ng/mL, based on a sample of 100 healthy 
patients from the hospital’s catchment area. Detectable elevation 
was defined as between 0.10 and 0.30 ng/mL.11) Study participants 
were divided into two groups, based on the troponin-I level.

Catheterization protocol
Coronary angiography was performed with a femoral artery ap-

proach. At the beginning of the procedure, heparin (5000 units) was 
routinely administered intra-arterially. Coronary lesions were as-
sessed by visual estimation as well as with quantitative coronary 
angiography. The provocation test was conducted with ergonovine 
in all patients after identifying insignificant lesions during the an-
giogram.

After the injection of intracoronary nitroglycerin (200 µg), simul-
taneous measurements of FFR and CFR were performed for all ar-
teries. A 6 Fr or 7 Fr coronary guiding catheter without side holes 
was used to engage the selected coronary artery. A 5 Fr sheath was 
placed in the right femoral vein for the injection of adenosine. A 
0.014 coronary temperature and pressure-sensing guidewire (Pres-
sureWire Certus, St. Jude Medical, MN, USA) was calibrated for the 
pressure recording, and then equalized with the aortic pressure in 
the guiding catheter. Next, the wire was advanced to the distal third 
part of the artery. For the induction of maximal hyperemia, intrave-
nous adenosine was administered via the right femoral vein (140 
mg/kg/min).

Physiological measurements
Fractional flow reserve, index of microcirculatory resistance (IMR), 

and CFR were measured under maximal hyperemia, induced by ade-
nosine. FFR was calculated as the mean distal coronary pressure di-
vided by the mean aortic pressure during hyperemia. For the mea-
surement of CFR, basal coronary flow under basal conditions was 
determined by intracoronary administration of 3 mL of room-tem-
perature saline, three times in succession manually (3 mL/s). Then, 
maximal hyperemia was induced, and three additional room tem-
perature saline boluses of 3 mL were administered intracoronarily 
for the determination of peak coronary flow, presented as peak 
mean transit time. During saline injection, careful attention was 
given to the position of the guiding catheter and the distal sensor. 
CFR was calculated automatically from the ratio of the mean transit 

Patients with elevated cardiac troponin-I level

Coronary angiography

Insignificant coronary lesion
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Measure coronary flow reserve &
fractional flow reserve for 3 vessels

Need for intervention to
significant coronary lesion

Fig. 1. Study design.
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times during hyperemia and baseline. Adenosine was turned off 
for 5 minutes after physiological measurements for each artery and 
the following vessels were measured in sequence: left anterior de-
scending artery (LAD), left circumflex artery (LCX), and right coro-
nary artery (RCA). After the evaluation of FFR and CFR, IMR was cal-
culated. In all vessels, a simplified method of calculating IMR was 
used, as follows:

IMR=Pd×Tmn

where Pd and Tmn are the mean hyperemic distal coronary pressure 
and hyperemic transit time, respectively.

Statistical analyses
Data are expressed as means±standard deviations for continuous 

variables and as numbers (%) for categorical variables, as appropri-
ate. Comparisons of mean values were performed using Student’s or 
the paired t-test. For comparisons of discrete variables, the χ2 test 
was used. Correlations between CFR and FFR variables were ana-
lyzed using a Spearman correlation analysis. CFR was compared 
with troponin-I by linear regression analysis. A p<0.05 was consid-
ered to indicate statistical significance.

Results

Baseline characteristics
In total, 19 patients with TIMI 3 flow at baseline angiography were 

enrolled. The baseline characteristics of all patients are presented in 
Table 1. The mean age was 61.9±10.9 years, and nine (47.4%) of the 
patients were women. None of the patients had previous coronary 
revascularization, such as stenting or coronary bypass surgery. The 
overall population was classified into definite and detectable ele-
vation according to troponin-I level. Clinical characteristics of two 
groups, based on the troponin-I concentration, are shown in Table 2. 
Of the 19 patients, 15 had a definite elevation in troponin-I, with a 
median level of 2.34 ng/mL.

Physiological outcomes
The study was completed successfully according to the protocol in 

all populations. In total, 52 arteries were studied in 19 patients with-
out evidence of significant coronary artery lumen obstruction. In all 
study arteries, FFR values were above 0.8.

Coronary flow reserve and IMR were available from 50 arteries 
(87.7% of all vessels). The main reasons for not obtaining adequate 
data were chest discomfort after adenosine infusion and small ves-
sel size. The CFR of LAD, LCX, and RCA were 1.98±1.20, 2.75±2.11 
and 4.44±2.51, respectively (Table 1). There was a significant differ-

ence in CFR between LAD and RCA (p=0.003). However, no signifi-
cant difference was observed between the three vessels in IMR 
measurements. Coronary physiological data are outlined in Table 2.

There was no difference with regard to CFR, FFR, or IMR between 
the two groups (Table 2). Fig. 2 shows a poor correlation between 
CFR and troponin-I value in each vessel. Even in selecting the lowest 
value of CFR in each patient as the corresponding value, the lowest 
CFR was not associated with the troponin-I level (Fig. 3).

Additionally, the correlation between IMR and troponin-I was not 
significant in LAD (r=0.378, p=0.111), LCX (r=0.468, p=0.068), or 
RCA (r=0.044, p=0.881) (Fig. 4). However, in selecting the highest 
value of IMR in each patient as the corresponding value, the highest 
IMR was significantly higher in patients with definite elevation com-
pared with detectable elevation (Table 2). Among physiological vari-
ables, only the highest IMR correlated with troponin-I concentration 

Table 1. Baseline characteristics of study population

Variable Overall (n=19)

Age (years) 61.9±10.9

Female (%) 9 (47.4)

Diabetes mellitus (%) 6 (31.6)

Arterial hypertension (%) 9 (47.4)

Hyperlipidemia (%) 1 (5.3)

Current smoking (%) 6 (31.6)

Left ventricular ejection fraction (%) 52±11

Laboratory measurements

 Hemoglobin (g/dL) 12.8±1.8

 Platelet (×109/L) 250.1±116.9

 Creatinine (mg/dL) 0.8±0.2

 Total cholesterol (mg/dL) 180.2±51.7

 LDL-C (mg/dL) 108.3±47.9

 Cardiac troponin-I (ng/mL) 2.74±5.21

Physiological measurements

 Coronary flow reserve

 Left anterior descending artery 1.98±1.20

 Left circumflex artery 2.75±2.11

 Right coronary artery 4.44±2.51

 Fractional flow reserve

 Left anterior descending artery 0.89±0.05

 Left circumflex artery 0.96±0.05

 Right coronary artery 0.96±0.04

 Index of microvascular resistance

 Left anterior descending artery 33.28±18.78

 Left circumflex artery 29.11±26.70

 Right coronary artery 30.55±23.65

Values are shown as means±standard deviations or n (%). LDL-C: low den-
sity lipoprotein-cholesterol
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Table 2. Clinical and physiological data in patients with definite and detectable elevation of cardiac troponin-I

Variable Definite elevation (n=14) Detectable elevation (n=5) p

Age (years) 60.4±11.1 66.2±10.0 0.30

Female (%) 7 (50) 2 (40) 0.56

Diabetes mellitus (%) 5 (35.7) 1 (40) 0.48

Arterial hypertension (%) 6 (42.9) 3 (60) 0.44

Hyperlipidemia (%) 1 (7.1) 0 (0.0) 0.74

Current smoking (%) 3 (21.4) 3 (60) 0.15

Left ventricular ejection fraction (%) 54±10 50±14 0.62

Laboratory measurements

 Hemoglobin (g/dL) 13.2±1.8 11.4±1.3 0.06

 Platelet (×109/L) 231.9±70.4 302±201.8 0.89

 Creatinine (mg/dL) 0.8±0.2 0.9±0.3 0.34

 Total cholesterol (mg/dL) 172.6±41.8 201.0±76.4 0.57

 LDL-C (mg/dL) 100.4±41.9 136.0±76.3 0.66

 Cardiac troponin-I (ng/mL) 3.63±5.85 0.23±0.06 0.001

Physiological measurements

 Coronary flow reserve 

 Left anterior descending artery 1.89±1.08 2.24±1.60 0.96

 Left circumflex artery 2.83±2.29 2.40±1.25 0.99

 Right coronary artery 4.51±2.71 4.05±1.20 0.93

 Fractional flow reserve

 Left anterior descending artery 0.90±0.05 0.87±0.06 0.64

 Left circumflex artery 0.95±0.05 0.97±0.03 0.90

 Right coronary artery 0.97±0.03 0.94±0.05 0.24

 Index of microvascular resistance

 Left anterior descending artery 34.36±17.85 22.80±14.73 0.14

 Left circumflex artery 29.15±21.39 20.33±15.31 0.23

 Right coronary artery 30.08±21.07 14.50±4.95 0.43

Lowest CFR per patient 1.44±0.69 2.24±1.60 0.64

Highest IMR per patient 46.64±21.68 22.80±14.73 0.04

Values are shown as means±standard deviations or n (%). LDL-C: low density lipoprotein-cholesterol, CFR: coronary flow reserve, IMR: index of microvas-
cular resistance

Fig. 2. Scatterplot of troponin-I versus CFR in LAD (A), LCX (B), and RCA (C). CFR: coronary flow reserve, LAD: left anterior descending artery, LCX: left cir-
cumflex artery, RCA: right coronary artery.
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(Fig. 5).

Clinical outcomes
Clinical follow-up was available in all patients. At the 12-month cli-

nical follow-up, all patients remained asymptomatic and free of car-
diac events.

Discussion

The main finding of our investigation is that the CFR, using a th-
ermodilution technique, is poorly associated with troponin-I level in 
patients with troponin-I elevation, but having no significant epicar-
dial coronary artery stenosis. In published articles, cardiac biomarker 
measurement has been demonstrated be a statistically significant 
independent predictor of intermediate and long-term outcomes for 
cardiac events.2-4) Furthermore, minor elevations in troponin levels 
below the 99th percentile of the URL have been associated with 

mortality and adverse cardiac events.11) Thus, understanding their 
mechanism will be important in patients with normal coronary ar-
teries. Different pathogenic mechanism are responsible for tropo-
nin-I elevation in patients with insignificant coronary lesions. Im-
paired coronary microcirculation3)12) is one that can contribute to 
myocardial ischemia in patients with angiographically normal coro-
nary arteries, and can be aggravated by microcirculatory stagnation, 
direct impairment, vasoconstriction, and thrombosis.13) 

Coronary flow reserve is a commonly used index for coronary mi-
crovascular function. The concept of CFR, introduced 50 years ago 
by Coffman and Gregg,7) provides a method for describing the ca-
pacity of the coronary circulation to conduct maximal hyperemic 
blood flow. Previous studies have shown that the presence of an 
abnormal CFR is related to a worse outcome in various disorders,14)15) 
and CFR provides significant data on the improvement in myocardial 
function in patients with previous myocardial infarction.16)17) It has 
also been demonstrated that the severity of impairment is correlated 

Fig. 4. Scatterplot of troponin-I versus IMR in LAD (A), LCX (B), and RCA (C). IMR: index of microcirculatory resistance, LAD: left anterior descending artery, 
LCX: left circumflex artery, RCA: right coronary artery.
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with cardiac markers.18) Thus, CFR has been considered to be a mark-
er of coronary microvascular response. However the studies have 
some limitations. First, CFR assessment was performed only in the 
LAD, leading to caution in interpreting the data for general microvas-
cular function, although it did not seem to have any influence.14)15)18) 
Second, CFR was measured by transthoracic echocardiography, in 
which the accuracy to detect coronary flow is influenced by image 
quality and angle dependence of Doppler velocities.14)15)17)

We tried to measure CFR in three vessels in each patient, because 
the value of LAD CFR may not be completely appropriate for iden-
tifying a reduced CFR response. Also, an invasive method was used 
for the assessment of CFR to overcome non-invasive methodologi-
cal limitations. However, our trial showed that CFR did not correlate 
with troponin-I concentrations. This finding differs from studies of 
stable patients with minor or normal LV function.19) This result may 
be due to hemodynamic dependence of CFR and submaximal hy-
peremia with inadequate adenosine infusion.20)21) CFR is influenced 
by hemodynamics and the coronary microcirculation.20) Hyperemic 
flow, which is linearly related to coronary perfusion pressure, de-
pends on total coronary resistance, whereas baseline flow is influ-
enced by several factors, including myocardial oxygen demand and 
vasomotor tone. Additionally, the accuracy of CFR can be limited in 
a submaximal hyperemic condition.21)

The present study also showed that the CFR value was signifi-
cantly lower in the LAD than in the RCA. Because CFR is a summed 
response of both the epicardial and microvascular flows, a normal 
CFR indicates that both the epicardial and minimally achievable mi-
crovascular bed resistances are low and normal.21) When abnormal, 
CFR does not indicate which component is affected. Thus, CFR is 
the best available tool to assess the microcirculation in the absence 
of epicardial coronary narrowings. In our study, the mean FFR in LAD 
was 0.89, lower than the results of LCX and RCA. These results may 
suggest that most of the subjects likely had worse coronary ath-
erosclerosis in the LAD. This finding also may be due to submaxi-
mal hyperemia with inadequate adenosine infusion, because CFR 
measurements in each patient were attempted first in the LAD.

Recently, IMR was reported to be more useful in evaluating the 
microcirculation than CFR.22-24) The present study demonstrated that 
the highest IMR in each patient correlated with the troponin-I level. 
This may suggest that the coronary microcirculation is impaired in 
patients with troponin-I elevation, and IMR can be a territory-spe-
cific physiological parameter. IMR seems to be helpful in the func-
tional assessment of coronary microvasculature.

This study has several limitations. The first major limitations were 
possible selection bias and the small sample size without objective 
references. Second, there was no control group with which to com-
pare the CFR value of negative troponin-I patients. Invasive physio-

logical measurements were only performed in patients with tropo-
nin-I elevation. Third, as the mean age of our patients was 62, most 
of them likely had some degree of coronary atherosclerosis. Even 
though we excluded patients with significant coronary artery dis-
ease, the influence of an atherosclerotic component in the results 
could not be excluded. Fourth, clinical diagnoses in the population 
were heterogeneous. Finally, our study could not establish the clini-
cal relevance of CFR due to the small sample size.

In conclusion, the correlation between CFR, using a thermodilu-
tion technique, and troponin-I levels was not significant in patients 
with no significant coronary artery disease. CFR may be limited to 
estimating the microcirculation. Further studies of larger popula-
tions with longer-term follow-up are needed to more fully under-
stand microvascular dysfunction.
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