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We investigated the utility of digital reactive hyperemia peripheral arterial tonometry (RH-PAT) in predicting isch-

emic heart disease (IHD), including obstructive coronary artery disease (CAD) and nonobstructive coronary artery

IHD is the leading cause of mortality, and its pathogenesis is diverse in women. Fingertip RH-PAT is a new de-

vice that provides noninvasive, automatic, and quantitative evaluation of endothelial dysfunction.

RH-PAT was measured using Endo-PAT2000 (Itamar Medical, Caesarea, Israel) before cardiac catheterization in

140 stable women scheduled for hospitalization to examine chest pain. NOCAD was diagnosed by angiography
with measurement of coronary blood flow and cardiac lactate production during intracoronary acetylcholine

Objectives
disease (NOCAD), in women.
Background
Methods
provocation test and cardiac scintigraphy with stress tests.
Results

Sixty-eight women (49%) had obstructive CAD and 42 women (30%) had NOCAD. RH-PAT indexes were significantly

attenuated in both obstructive CAD and NOCAD as compared with non-IHD (n = 30) (obstructive CAD: median 1.57,
interquartile range [IQR] 1.42 to 1.76; NOCAD: median 1.58, IQR 1.41 to 1.78; non-IHD: median 2.15, IQR 1.85 to
2.48, p < 0.001). By multivariate logistic regression analysis, only RH-PAT index was significantly associated with
IHD, including obstructive CAD and NOCAD (odds ratio 0.51; 95% confidence interval: 0.38 to 0.68; p < 0.001). In
receiver-operating characteristic analysis, RH-PAT index was a significant predictor of IHD (area under the curve 0.86;
p < 0.001). Furthermore, only RH-PAT was useful for the prediction of NOCAD after excluding obstructive CAD (area
under the curve 0.85; p < 0.001; RH-PAT index of <1.82 had 81% sensitivity and 80% specificity).

Conclusions

RH-PAT indexes were significantly attenuated in women with IHD. Digital RH-PAT can predict patients with IHD,

especially NOCAD before angiography. RH-PAT is potentially useful for identifying high-risk women for IHD.

(Endothelial Dysfunction and Coronary Artery Spasm; NCT00619294)

(J Am Coll Cardiol 2010;55:1688-96)

© 2010 by the American College of Cardiology Foundation

Coronary artery disease (CAD) is the leading cause of
mortality in post-menopausal women (1). Women with
clinical features of myocardial ischemia remain a clinical
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challenge due to the diverse pathogenic mechanisms of isch-
emic heart diseases IHD) in women. The WISE (Women’s
Ischemia Syndrome Evaluation) study found no significant
coronary artery stenoses (i.e., <50% stenosis) in any major
coronary artery in 69% of women suspected of having IHD (2).
Nonobstructive coronary artery disease (NOCAD) also pre-
sents a high risk for women with myocardial ischemia (3-5).

See page 1697

Thus, cardiovascular prognosis of women with NOCAD is not
benign, and there is a need for effective strategies for the
identification and treatment of these patients.
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The pathogenesis of NOCAD is unclear at present, but it
could be due to physiological abnormality in coronary circula-
tion, coronary spastic angina, coronary microvascular spasm,
microcirculatory insufficiency, or diffuse arteriosclerosis. The
assessment of NOCAD is not yet established enough. Coro-
nary spastic angina can be diagnosed only by the acetylcholine-
provocation test during coronary angiography (CAG) (6), and
microvascular coronary spasm can be diagnosed by measure-
ments of coronary blood flow and myocardial lactate produc-
tion during acetylcholine-provocation test (7). Abnormal re-
sidual function of the oxygen supply due to microcirculatory
insufficiency and diffuse arteriosclerosis can be evaluated by the
measurement of coronary blood flow during adenosine-
provocation and stress myocardial scintigraphy (8,9). Because
plural complicated vascular function tests are necessary,
NOCAD is not fully diagnosed definitely in the routine
clinical practice.

Vascular endothelial dysfunction is found from the early
phase of arteriosclerosis to the advanced atheroma resulting
in obstructive CAD (10). Furthermore, regarding NOCAD,
not only coronary spastic angina, but also microvascular
spasm and microcirculatory insufficiency have been shown
to be associated with coronary endothelial dysfunction
(7,11,12), thus it could be possible to identify all these
patients with IHD by physiological examination and eval-
uating endothelial dysfunction.

Endothelial dysfunction in peripheral arteries is assessed by
forearm flow-mediated vasodilation (13). However, the results
of forearm flow-mediated vasodilation can vary due to techni-
cal problems encountered during measurement, and thus
forearm flow-mediated vasodilation is not standardized among
institutions (14). Kuvin et al. (15) described a new method to
evaluate endothelial dysfunction called reactive hyperemia pe-
ripheral arterial tonometry (RH-PAT). It is a noninvasive,
automatic, and quantitative clinical test for digital measure-
ment of hyperemic response. Using this test, the Framingham
Heart Study reported that RH-PAT indexes correlated in-
versely with various cardiovascular risk factors (16), indicating
the practical usefulness of RH-PAT test.

We hypothesized that endothelial function measured by
fingertip RH-PAT is impaired in patients with IHD,
including NOCAD, and that the RH-PAT indexes can
predict the presence of IHD, especially NOCAD, in

women complaining of chest pain.

Methods
Study population and protocol. One hundred fifty-eight

consecutive stable post-menopausal women with angina-
like chest pain who were referred and scheduled for hospi-
talization at Kumamoto University Hospital between Au-
gust 2006 and April 2009 for CAG were registered. We
excluded 17 patients for the following reasons: severe aortic
valve regurgitation or stenosis (n = 2), hypertrophic cardio-
myopathy (n = 6), uncontrolled hypertension (n = 1), severe
collagen disease (n = 6), and neuromuscular disease (n = 2).

Matsuzawa et al. 1689

Endothelial Function and Coronary Disease in Women

RH-PAT was monitored using
Endo-PAT?2000 (Itamar Medical,
Caesarea, Israel) on the day before
CAG. CAG and RH-PAT stud-
ies were performed in the fasting
state in the early morning after
>3-day discontinuation of vasodi-
lators. Cardiologists blinded to the
results of the RH-PAT performed
cardiac catheterization. On the ba-
sis of the results of CAG and after
excluding 1 patient for incomplete
cardiac catheterization data, pa-
tients with atherosclerotic organic
coronary artery stenosis (=50%)
were diagnosed as having obstruc-
tive CAD, whereas those with no
significant epicardial coronary ar-
tery stenosis (<50%) on CAG
(NOCAD suspected) underwent
acetylcholine-provocation test. Pa-
tients who showed myocardial
ischemia during acetylcholine-
provocation test were divided into
2 groups: patients with epicar-

Abbreviations
and Acronyms

ACh-CBF = acetylcholine-
induced increase in
coronary blood flow ratio

Ad-CFR = adenosine-
induced coronary flow
reserve

AUC = area under the
curve

CAD = coronary artery
disease

CAG = coronary
angiography

IHD = ischemic heart
disease

NOCAD = nonobstructive
coronary artery disease

RH-PAT = reactive
hyperemia peripheral
arterial tonometry

ROC = receiver-operating
characteristic

SPECT = single-photon
emission computed
tomography

dial coronary spasm and pa-

tients with microvascular spasm, those with coronary
blood flow decrease by acetylcholine provocation without
epicardial coronary spasm. Patients with negative results
in the acetylcholine-provocation test were further exam-
ined by adenosine-induced coronary flow reserve and
stress thallium-201 single-photon emission computed
tomography (SPECT). Patients with abnormal results of
these tests were diagnosed as having microcirculatory insuf-
ficiency, and patients who had no abnormal results were
defined as the nonischemic heart disease group (non-IHD
group) (Fig. 1). The Reynolds Risk Score was calculated for
each patient as described previously (17).

Risk factors for cardiovascular disease were defined as
current smoking (smoking within 1 year), hypertension
(>140/90 mm Hg or taking antihypertensive medication),
dyslipidemia (high-density lipoprotein cholesterol <40 mg/dl,
low-density lipoprotein cholesterol =140 mg/dl, or triglycer-
ides =150 mg/dl or taking medication for dyslipidemia), and
diabetes mellitus (symptoms of diabetes plus casual plasma
glucose concentration =200 mg/dl, fasting plasma glucose
concentration =126 mg/dl, 2-h plasma glucose concentration
=200 mg/dl during 75-g oral glucose tolerance test, or taking
medication for diabetes mellitus).

Wiritten informed consent was obtained from each pa-
tient before participation. The study was conducted in
accordance with the guidelines approved by the ethics
committee of our institution.

RH-PAT. The principle of RH-PAT has been described
previously (18). Briefly, a blood pressure cuff was placed on
1 upper arm, while the contralateral arm served as a control.
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Stable Women
with angina-like chest pain

Excluded (total n=17)
Severe aortic valve regurgitation (n= 1)

n=158

h 4

Severe aortic valve stenosis (n= 1)
Hypertrophic cardiomyopathy (n = 6)

| RH-PAT measurement

Uncontrolled hypertension (n = 1)
» Severe collagen disease (n = 6)

n=141

A 4

Neuromuscular disease (n = 2)

| Coronary angiography

l_, Excluded

n=140

250% Organic stenosis

Incomplete cardiac catheter data (n=1)

Non-obstructive coronary artery

n=~68 n= 72l
A
ACh-provocation test
Measurement of myocardial lactate
production and coronary flow
Ischemic ST change and chest pain Negative
n=34
Epicardial CBF decrease - ;
coronary spasm  without epicardial Adenosine - CFR and
with myocardial coronary spasm stress thallium - SPECT
lacate production with myocardial
lacate production Abnormal Normal
y l L
Obstructive Epicardial Microvascular Microcirculatory Non-IHD
CAD coronary spasm spasm insufficiency
n=068 n=32 n==6 n=4 n=30
| NOCAD n=42) |
| IHD (n=110) |

Flow Chart of Patient Enroliment Used in the Present Study

ACh = acetylcholine; CAD = coronary artery disease; CBF = coronary blood flow; CFR = coronary flow reserve; IHD = ischemic heart disease;
NOCAD = nonobstructive coronary artery disease; RH-PAT = reactive hyperemia peripheral arterial tonometry; SPECT = single-photon emission computed tomography.

PAT probes were placed on 1 finger of each hand. After a
5-min equilibration period, the cuff was inflated to 60 mm
Hg above the systolic pressure or 200 mm Hg for 5 min and
then deflated to induce reactive hyperemia.

The RH-PAT data were digitally analyzed online (Endo-
PAT2000 software version 3.0.4). The RH-PAT index
reflects the extent of reactive hyperemia and was calculated
as the ratio of the average amplitude of PAT signal over 1
min starting 1.5 min after cuff deflation (control arm, A;
occluded arm, C) divided by the average amplitude of PAT
signal of a 2.5-min time period before cuff inflation (base-
line) (control arm, B; occluded arm, D). Thus RH-PAT
index = (C/D)/(A/B) X baseline correction.

Cardiac catheterization. After baseline CAG, patients
without obstructive CAD underwent the acetylcholine-
provocation test. A 6-F catheter was placed in the coronary
sinus to sample blood for measurement of lactate concentra-

tions. A 0.014-inch Flow-Wire Doppler flow probe (REF
1400]-FloWire, Volcano, San Diego, California) was inserted
into the proximal side of the left anterior descending coronary
artery, and acetylcholine was injected into the left coronary
artery as described previously (6,19). Briefly, incremental doses
(20, 50, and 100 pg) of acetylcholine were injected into the left
coronary artery, and angiography was performed 1 min after
each injection. Then, 50 ug of acetylcholine was injected into
the right coronary artery, followed by angiography. At baseline
and acetylcholine-induced coronary spasm or 1 min after the
maximum dose of acetylcholine was injected into the left
coronary artery, paired samples of 2 ml of blood were collected
simultaneously from the main trunk of the left coronary artery
and coronary sinus to measure the myocardial lactate extraction
rate, as reported previously (20).

Using Flow-Wire, we measured changes in coronary
blood flow in response to low-dose acetylcholine (20 ug
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injected into the left coronary artery) to determine coronary
endothelial function (21):

Acetylcholine-induced increase in coronary blood flow ratio
(ACh-CBF) = acetylcholine-induced hyperemia
coronary blood flow/baseline coronary blood flow, where
coronary flow = m(average peak velocity/2)(vessel diameter/2)?

At the end of the acetylcholine test, nitroglycerin was
injected into each coronary artery when acetylcholine-
induced coronary spasm did not resolve spontaneously
within 5 min, angina chest pain persisted for more than 2
min, or upon the development of ischemia-related hemo-
dynamic instability. After intracoronary nitroglycerin, aden-
osine (150 ug/kg/min) was injected intravenously until
maximal hyperemia was achieved. Then coronary flow
reserve was calculated using the following equation:

Adenosine-induced coronary flow reserve (Ad-CFR)
= adenosine-induced hypermia coronary blood flow/

baseline coronary blood flow

Coronary spasm was defined as >90% lumen narrowing of
the epicardial coronary artery associated with chest pain,
transient ST-segment depression (>0.1 mV) or elevation
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(>0.1 mV) from baseline levels occurring at 60 to 80 ms after
the ] point, and lactate production in the coronary circulation.
Microvascular spasm was defined as decreased coronary blood
flow during acetylcholine provocation associated with chest
pain, transient ST-segment depression or elevation, and myo-
cardial lactate production without epicardial coronary spasm.
In a subject without positive results in acetylcholine-
provocation test, we defined the patients who showed Ad-
CFR <3.0 and myocardial perfusion abnormality in
adenosine-provocation thallium SPECT as having microcir-
culatory insufficiency.

Statistical analysis. The results of normally distributed con-
tinuous variables were expressed as mean (SD), whereas those
with skewed distribution were expressed as the median value
(interquartile range [IQR]). Continuous variables were ana-
lyzed by the unpaired # test and Mann-Whitney U test, as
appropriate. Categorical variables were presented by percent,
and intergroup comparisons were analyzed by chi-square test
(and Fisher exact test). Pearson’s correlation coefficient was
used for evaluation of possible association between In[RH-
PAT index] and In[ACh-CBF]; In[RH-PAT index] and
In[Ad-CFR]. Associations between the presence of IHD or
NOCAD and other significant parameters in simple logistic
analysis were analyzed by multiple logistic regression analysis
with the forced entry method, and the Hosmer-Lemeshow

I 3B Baseline Clinical Characteristics of 140 Women With Chest Pain

Non-IHD Obstructive CAD NOCAD
n 30 68 42
Age (yrs) 63 (10) 73 (9)* 64 (10)t
Body mass index (kg/m?) 23 (3) 24 (5) 24 (4)
Hypertension (%) 53 84* 6271
Diabetes (%) 20 50* 29t
Dyslipidemia (%) 67 91* 641
Current smoking (%) 3 7 14
Family history of CAD (%) 3 19 24
Systolic blood pressure (mm Hg) 124 (17) 131 (20) 130 (17)
Diastolic blood pressure (mm Hg) 77 (13) 72 (12) 78 (12)1
Fasting blood glucose (mg/dl) 89 [85-94] 97 [88-115] 92 [86-105]
Hemoglobin Alc (%) 5.5 (0.6) 6.1 (1.2)* 5.6 (1.0)1
HOMA-IR 1.0[0.8-1.7] 1.4 [1.0-2.5]* 1.4[0.8-1.8]
Total/high-density lipoprotein cholesterol ratio 35(1.2) 35(1.1) 3.3(0.9)
Triglycerides (mg/dl) 92 [65-123] 101 [76-136] 99 [80-139]
Left ventricular ejection fraction (%) 66 (7) 65 (7) 66 (5)
B-type natriuretic peptide (pg/ml) 18 [10-26] 48 [21-120]* 20 [12-30]1
High-sensitivity C-reactive protein (mg/I) 0.5[0.3-1.0] 1.2 [0.5-2.8]* 0.5[0.3-0.9]1
Reynolds Risk Score (%) 1.3 [0.5-3.5] 5.6 [2.6-10.2]* 1.8 [1.0-4.0]1
Mild-to-moderate coronary atherosclerosis (%) 33 — 43
Aspirin (%) 27 90* 461
HMG-CoA reductase inhibitors 33 79* 38t
Calcium-channel blockers (%) 46 71* 491t
ACE-l or ARB (%) 27 62* 291
Beta blockers (%) 3 46* ot

Data are mean (SD), median [25th to 75th percentile range], or %. Mild-to-moderate coronary atherosclerosis: >25% but <50% coronary stenosis.
*Significantly different from non-IHD. {Significantly different from obstructive CAD.

ACE-l = angiotensin-converting enzyme inhibitors; ARB = angiotensin Il receptor blockers; CAD = coronary artery disease; HMG-CoA =
3-hydroxy-3-methylglutanyl coenzyme A; HOMA-IR = homeostasis model assessment insulin resistance; IHD = ischemic heart disease; NOCAD =

nonobstructive coronary artery disease.
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goodness-of-fit statistic was calculated. Receiver-operating
characteristics (ROC) curves were constructed for Reynolds
Risk Score and RH-PAT index. The area under the curve
(AUC), sensitivity, and specificity were calculated to predict
the ability to detect subjects with obstructive CAD,
NOCAD, and IHD, with an AUC value of 0.50 indicating
no accuracy and a value of 1.00 indicating maximal accuracy.
AUC values are compared using an algorithm suggested by
DeLong et al. (22,23). We defined optimal thresholds of
RH-PAT index by maximizing the sum of sensitivity and
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specificity (24). A p value of <0.05 denoted statistical
significance; all tests were 2-tailed. Statistical analyses were
performed using SPSS version 17.0] (SPSS Inc., Tokyo,
Japan) and STATA version 10 (Stata Corp., College

Station, Texas).
Results

Clinical characteristics of stable women with chest pain.
CAG indicated that 68 patients (49%) had obstructive
CAD (30 patients had single-vessel disease, 38 patients had

Control CAG
Non-THD Patient

62-year-old female

Control CAG
NOCAD Patient  77-year-old female

Acetylcholine - 100pg
RH-PAT index 1.91

Acetylcholine - 100pg
RH-PAT index 1.46

G Non-IHD patient 69-year-old female (RH-PAT index = 2.00)

Nitroglycerin

Nitroglycerin

Control Arm

Occluded Arm

H NOCAD patient 57-year-old female (RH-PAT index = 1.39)

Control Arm

Occluded Arm

m Acetylcholine-Provocation Test

(A to C) Non-IHD group. (D to F) Epicardial coronary spasm group. (E) Coronary artery spasm after intracoronary injection of acetylcholine.
*Sampling catheter in the coronary sinus. RH-PAT results of representative (G) non-IHD and (H) NOCAD cases. Abbreviations as in Figure 1.
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Non-IHD Obstructive ~ NOCAD
(n=130) CAD n=42)
@®=68)
m RH-PAT Index and IHD

Box-and-whisker plots of RH-PAT indexes. In these plots, lines within the boxes
represent median values; the upper and lower lines of the boxes represent
25th and 75th percentiles, respectively; and the upper and lower bars outside
the boxes represent the 90th and 10th percentiles, respectively. Abbreviations
as in Figure 1.

multivessel disease), and 72 patients (51%) were suspected
to have NOCAD (44 patients had no stenosis, 28 patients
had mild-to-moderate coronary atherosclerosis [25% to
50% coronary artery stenosis]) (Table 1). Among the latter
group (n = 72; NOCAD suspected), coronary spasm was
induced in 32 patients (15 with ST-segment elevation, 17
with ST-segment depression) and microvascular spasm was
induced in 6 patients (1 with ST-segment elevation, 5 with
ST-segment depression). Among another 34 patients with-
out positive results in acetylcholine-provocation test, 4
patients were diagnosed as having microcirculatory insuffi-
ciency, and 30 patients had no evidence of myocardial

ischemia (non-IHD group) (Fig. 1).
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Patients in the obstructive CAD group were significantly
older, had a higher prevalence of conventional cardiovascu-
lar risk factors, higher homeostasis model assessment insulin
resistance, B-type natriuretic peptide, high-sensitivity
C-reactive protein, and Reynolds Risk Score. In contrast,
patients in the NOCAD group were not significantly
different from those in the non-IHD group, except for
family history of CAD (Table 1).

RH-PAT indexes and IHD including obstructive CAD
and NOCAD. Figure 2 shows representative records of
RH-PAT signals and CAG in patients with non-IHD and
NOCAD. RH-PAT indexes were lower in patients with
obstructive CAD and NOCAD than in non-IHD patients
(non-THD: median 2.15 [IQR 1.85 to 2.48]; obstructive-
CAD: median 1.57 [IQR 1.42 to 1.76]; NOCAD: median
1.58 [IQR 1.41 to 1.78]; p < 0.001) (Fig. 3). There was no
significant difference in RH-PAT indexes between
NOCAD and obstructive CAD groups.

RH-PAT indexes and ACh-CBF among patients with
NOCAD. We were successful in obtaining complete cor-
onary flow data from 51 patients without obstructive CAD.
ACh-CBF was attenuated in patients with NOCAD rela-
tive to the non-IHD group (NOCAD: median 1.52 [IQR
1.23 to 1.90]; non-THD: median 2.12 [IQR 1.82 to 2.42];
p < 0.001). However, Ad-CFR was comparable in the 2
groups (NOCAD: median 3.25 [IQR 3.01 to 3.58]; non-
ITHD: median 3.09 [IQR 2.78 to 3.60]; p = 0.36). There
was a significant correlation between In[RH-PAT index]
and In[ACh-CBF] (r = 0.52; p < 0.001), but not Ad-CFR
(r =0.21; p = 0.12).

RH-PAT indexes and presence of IHD. Simple logistic
regression analysis demonstrated that age, B-type natri-
uretic peptide, Reynolds Risk Score, and RH-PAT index
significantly predicted the presence of IHD in women
complaining of chest pain (Table 2). Multiple logistic
regression analysis identified only RH-PAT index as the

IR Logistic Regression Analysis for the Presence of Ischemic Heart Disease in Female Patients Complaining of Chest Pain

Simple Regression

Multiple Regression

Variable OR 95% CI p Value OR 95% CI p Value
Age (per yr) 1.06 1.02-1.10 0.004 0.99 0.92-1.07 0.81
Body mass index (per kg/mz) 1.06 0.95-1.18 0.28
Current smoking (yes) 3.22 0.40-26.0 0.27
Systolic blood pressure (per mm Hg) 1.02 1.00-1.05 0.06
Diastolic blood pressure (per mm Hg) 0.98 0.95-1.01 0.24
Ln[Fasting blood glucose] (per 0.1) 1.23 0.96-1.57 0.10
Total/High-density lipoprotein cholesterol (per 1) 0.95 0.65-1.42 0.81
Ln[Triglycerides] (per 0.1) 1.03 0.94-1.12 0.54
Ln[B-type natriuretic peptide] (per 0.1) 1.05 1.01-1.09 0.01 1.03 0.98-1.09 0.21
Ln[High-sensitivity C-reactive protein] (per 0.1) 1.01 0.99-1.03 0.31
Left ventricular ejection fraction (per %) 0.98 0.92-1.05 0.60
Ln[Reynolds Risk Score] (per 0.1) 1.07 1.04-1.11 <0.001 1.06 1.00-1.13 0.05
Ln[RH-PAT index] (per 0.1) 0.50 0.38-0.65 <0.001 0.51 0.38-0.68 <0.001

Cl = confidence interval; OR = odds ratio; RH-PAT = reactive hyperemia peripheral arterial tonometry; other abbreviations as in Table 1.



1694 Matsuzawa et al.
Endothelial Function and Coronary Disease in Women

1.0 1
o
«
20
o— ql_l
Z% Z 05 1
52
v Z
L
C
== RH-PAT (AUC = 0.66, P < 0.001)
B = RRS (AUC=0.78,P < 0.001)
T T T T T
0 0.5 1.0
1-Specificity
Obstructive-CAD
1.0 1

Sensitivity
IHD
=
Lh

== RH-PAT (AUC = 0.86, P <0.001)

= RRS (AUC=0.73,P <0.001)

0 0.5 1.0
1-Specificity
IHD

ROC Curves to Identify Obstructive CAD and IHD

Receiver-operating characteristic (ROC) curves for the Reynolds Risk Score
(RRS) and RH-PAT index to identify patients with obstructive CAD and patients
with IHD in stable women complaining of chest pain. AUC = area under the
curve; other abbreviations as in Figure 1.

significant predictor of IHD, including obstructive CAD
and NOCAD (odds ratio: 0.51; 95% confidence interval
[CI]: 0.38 to 0.68; p < 0.001) (Table 2). Hosmer-
Lemeshow goodness of fit chi-square and p are 12.1 and
0.15, respectively. Furthermore, we found that only RH-
PAT index was also a significant factor for predicting
NOCAD in women complaining of chest pain by multiple
logistic regression analysis (odds ratio: 0.78; 95% CI: 0.63 to
0.96; p = 0.02). Hosmer-Lemeshow goodness of fit chi-
square is 11.4 and the p value is 0.18.
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ROC analysis for Reynolds Risk Score and RH-PAT
index to predict patients with obstructive CAD and IHD
in women complaining of chest pain. ROC curves were
constructed to assess the ability of Reynolds Risk Score
and RH-PAT index to predict obstructive CAD and
THD. The AUC for detection of obstructive CAD was
0.78 (95% CI: 0.70 to 0.85; p < 0.001) of Reynolds Risk
Score and 0.66 (95% CI: 0.57 to 0.75; p < 0.001) of RH-PAT
index (Fig. 4A). The AUC for detection of IHD, including
obstructive CAD and NOCAD, was 0.73 (95% CI: 0.63 to
0.83; p < 0.001) of Reynolds Risk Score and 0.86 (95% CI:
0.79 to 0.93; p < 0.001) of RH-PAT index (Fig. 4B).
There was no significant (borderline) difference between
AUGCs of RH-PAT index and Reynolds Risk Score for
prediction of obstructive CAD (p = 0.06) or IHD (p =
0.05). Reynolds Risk Score was comprehensively useful for
prediction of obstructive CAD, and RH-PAT index was
particularly useful for prediction of overall IHD. Using an
RH-PAT index cutoff value of <1.82, the sensitivity and
specificity for the detection of IHD were 80% and 80%,
respectively.

RH-PAT index has high ability to predict NOCAD,
particularly in patients without obstructive CAD. We
can diagnose obstructive CAD simply on anatomical exam-
ination such as CAG or multidetector computed tomo-
graphic CAG. Therefore, we examined whether RH-PAT
was useful for a prediction of NOCAD after excluding the
presence of obstructive CAD. We found that only the
RH-PAT index was a significantly associated factor of
NOCAD in women without obstructive CAD by simple
logistic regression analysis (odds ratio 0.49; 95% CI: 0.35 to

Sensitivity
NOCAD
o
h

== RH-PAT (AUC =0.85, P<0.001)

= RRS5(AUC=0.59,P=0.22)

T T T T T
0 0.5 1.0
1-Specificity
NOCAD

m ROC Curves to Identify NOCAD

Receiver-operating characteristic (ROC) curves for Reynolds Risk Score (RRS)
and RH-PAT index to identify patients with NOCAD among women without
obstructive CAD. Abbreviations as in Figures 1 and 4.
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0.69; p < 0.001). Among women without obstructive
CAD, Reynolds Risk Score could not predict NOCAD
(AUC 0.59; 95% CI: 0.45 to 0.73; p = 0.22), but RH-PAT
index could significantly predict NOCAD (AUC 0.85; 95%
CI: 0.76 to 0.94; p < 0.001) (Fig. 5). The AUC of
RH-PAT index for prediction of NOCAD was significantly
higher compared with Reynolds Risk Score (p = 0.003).
The cutoff value of RH-PAT index of <1.82 had sensitivity
of 81% and specificity 80% for prediction of NOCAD in
patients without obstructive CAD.

Discussion

The present study of stable women complaining of angina-
like symptoms showed significant impairment of digitally
recorded endothelial function in patients with IHD, espe-
cially NOCAD, and such impairment was equivalent to that
seen in patients with organic obstructive CAD. Reynolds
Risk Score and RH-PAT index significantly predicted
IHD. RH-PAT index was particularly superior in predict-
ing NOCAD. In other words, noninvasive measurement of
RH-PAT can predict patients with IHD, including
NOCAD, before angiography. Thus, RH-PAT is poten-
tially useful for identification of women at high risk for
IHD.

Over the years, cardiovascular mortality has declined
substantially, but this improvement in prognosis had been
restricted to men (25,26). IHD is sometimes not diagnosed
correctly in women; therefore, the prognosis of such women
is worse than that of men (2). It is important that more
women are diagnosed correctly with IHD and receive
appropriate treatment. NOCAD is more common in
women, and women have been recognized recently as a
high-risk population (3-5). The underlying mechanisms of
NOCAD are not fully known, though it is likely caused by
a multitude of pathogenic mechanisms (3). Women with
myocardial ischemia are still a clinical challenge. Obstruc-
tive CAD could be diagnosed by CAG (anatomical exam-
ination), but NOCAD cannot be simply diagnosed with
anatomical tests. Although the Reynolds Risk Score pre-
dicts obstructive CAD well, it may not be useful for
prediction of NOCAD in women. The design of a new and
noninvasive test for the assessment of NOCAD is strongly
desirable. Coronary endothelial dysfunction plays an impor-
tant pathogenic role in NOCAD (7,11,12,27). The present
study demonstrated that noninvasive digital assessment of
peripheral endothelial function by RH-PAT significantly
predicted IHD, particularly NOCAD. Thus, RH-PAT can
potentially provide useful and noninvasive clinical assess-
ment of IHD, including NOCAD, in women. We could
noninvasively provide superior identification of high-risk
patients for IHD with a combination of the physiological
examination with RH-PAT and the anatomical examina-
tion with computed tomography.

The vascular endothelium plays a crucial role in regula-
tion of vasomotor tone, thrombosis, and platelet adhesion
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(10,13), and endothelial dysfunction is a significant risk
factor of future cardiovascular events (28,29). Invasive mea-
surement of coronary vasodilator response by acetylcholine
infusion is an established method for assessment of coronary
endothelial function (21). On the other hand, digital RH-
PAT can evaluate peripheral endothelial function, and the
results are correlated with traditional and metabolic cardio-
vascular risk factors (15,16,18). Bonetti et al. (30) demon-
strated that RH-PAT index significantly predicted coronary
endothelial dysfunction. Similar to their study, we also
found that RH-PAT index was correlated significantly with
ACh-CBF. In addition, we also found that RH-PAT index
was significantly attenuated in patients with NOCAD who
were diagnosed by simultaneous measurement of coronary
flow and cardiac lactate production. Measurement of RH-
PAT index, which can reflect coronary endothelial function,
may also have a useful predictive value for future cardiovas-
cular events. Recently, Rubinshtein et al. (31) reported that
assessment of peripheral vascular function by RH-PAT in
addition to the Framingham Risk Score may be useful for
identification of risk for cardiac events.

Our results showed significant impairment of RH-PAT
index in women with IHD. Endothelial dysfunction could
be a modifiable risk factor of future cardiovascular events
and a potential clinical therapeutic target. Because RH-
PAT is a noninvasive, quantitative, and repeatable test, the
values of RH-PAT index could be used for evaluation of
vascular condition and treatment efficacy.

Study limitation. The predictive value of RH-PAT index
in NOCAD is limited to a modest number of patients and
needs confirmation in larger patient populations.

Conclusions

Digital fingertip endothelial function was significantly im-
paired in post-menopausal women with NOCAD equiva-
lent to those with obstructive CAD. RH-PAT noninva-
sively predicted the presence of IHD, especially NOCAD,
before CAG. RH-PAT is a potentially useful clinical test
and can effectively help to identify high-risk women with
chest pain.

Reprint requests and correspondence: Dr. Seigo Sugiyama,
Department of Cardiovascular Medicine, Faculty of Life Sciences,
Kumamoto University, 1-1-1 Honjo, Kumamoto City 860-8556,
Japan. E-mail: ssugiyam@kumamoto-u.ac.jp.

REFERENCES

1. Mieres JH, Shaw L], Arai A, et al. Role of noninvasive testing in the
clinical evaluation of women with suspected coronary artery disease:
consensus statement from the Cardiac Imaging Committee, Council
on Clinical Cardiology, and the Cardiovascular Imaging and Inter-
vention Committee, Council on Cardiovascular Radiology and Inter-
vention, American Heart Association. Circulation 2005;111:682-96.

2. Merz CN, Kelsey SF, Pepine CJ, et al. The Women’s Ischemia
Syndrome Evaluation (WISE) study: protocol design, methodology
and feasibility report. ] Am Coll Cardiol 1999;33:1453-61.


mailto:ssugiyam@kumamoto-u.ac.jp

1696

10.

11.

12.

13.

14.

15.

16.

17.

Matsuzawa et al.
Endothelial Function and Coronary Disease in Women

. Bugiardini R, Bairey Merz CN. Angina with “normal” coronary

arteries: a changing philosophy. JAMA 2005;293:477-84.

. Johnson BD, Shaw L], Buchthal SD, et al. Prognosis in women with

myocardial ischemia in the absence of obstructive coronary disease:
results from the National Institutes of Health-National Heart, Lung,
and Blood Institute-Sponsored Women’s Ischemia Syndrome Evalu-
ation (WISE). Circulation 2004;109:2993-9.

. Gulati M, Cooper-DeHoff RM, McClure C, et al. Adverse cardio-

vascular outcomes in women with nonobstructive coronary artery
disease: a report from the Women’s Ischemia Syndrome Evaluation
Study and the St James Women Take Heart Project. Arch Intern Med
2009;169:843-50.

. Yasue H, Horio Y, Nakamura N, et al. Induction of coronary artery

spasm by acetylcholine in patients with variant angina: possible role of
the parasympathetic nervous system in the pathogenesis of coronary

artery spasm. Circulation 1986;74:955-63.

. Mohri M, Koyanagi M, Egashira K, et al. Angina pectoris caused by

coronary microvascular spasm. Lancet 1998;351:1165-9.

. Reis SE, Holubkov R, Lee JS, et al. Coronary flow velocity response

to adenosine characterizes coronary microvascular function in women
with chest pain and no obstructive coronary disease. Results from the
pilot phase of the Women’s Ischemia Syndrome Evaluation (WISE)
study. ] Am Coll Cardiol 1999;33:1469-75.

. Buchthal SD, den Hollander JA, Merz CN, et al. Abnormal myocar-

dial phosphorus-31 nuclear magnetic resonance spectroscopy in
women with chest pain but normal coronary angiograms. N Engl
J Med 2000;342:829-35.

Ross R. Atherosclerosis: an inflammatory disease. N Engl ] Med
1999;340:115-26.

Kugiyama K, Ohgushi M, Motoyama T, et al. Nitric oxide-mediated
flow-dependent dilation is impaired in coronary arteries in patients
with coronary spastic angina. ] Am Coll Cardiol 1997;30:920-6.
Campisi R. Noninvasive assessment of coronary microvascular func-
tion in women at risk for ischaemic heart disease. Int J Clin Pract
2008;62:300—7.

Widlansky ME, Gokce N, Keaney JF Jr., Vita JA. The clinical
implications of endothelial dysfunction. ] Am Coll Cardiol 2003;42:
1149-60.

Hijmering ML, Stroes ES, Pasterkamp G, Sierevogel M, Banga JD,
Rabelink TJ. Variability of flow mediated dilation: consequences for
clinical application. Atherosclerosis 2001;157:369~73.

Kuvin JT, Patel AR, Sliney KA, et al. Assessment of peripheral
vascular endothelial function with finger arterial pulse wave amplitude.
Am Heart ] 2003;146:168-74.

Hamburg NM, Keyes MJ, Larson MG, et al. Cross-sectional relations
of digital vascular function to cardiovascular risk factors in the
Framingham Heart Study. Circulation 2008;117:2467-74.

Ridker PM, Buring JE, Rifai N, Cook NR. Development and
validation of improved algorithms for the assessment of global cardio-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

JACC Vol. 55, No. 16, 2010
April 20, 2010:1688-96

vascular risk in women: the Reynolds Risk Score. JAMA 2007;297:
611-9.

Bonetti PO, Barsness GW, Keelan PC, et al. Enhanced external
counterpulsation improves endothelial function in patients with symp-
tomatic coronary artery disease. ] Am Coll Cardiol 2003;41:1761-8.
Okumura K, Yasue H, Matsuyama K, et al. Diffuse disorder of
coronary artery vasomotility in patients with coronary spastic angina.
Hyperreactivity to the constrictor effects of acetylcholine and the
dilator effects of nitroglycerin. ] Am Coll Cardiol 1996;27:45-52.
Inobe Y, Kugiyama K, Morita E, et al. Role of adenosine in
pathogenesis of syndrome X: assessment with coronary hemodynamic
measurements and thallium-201 myocardial single-photon emission
computed tomography. ] Am Coll Cardiol 1996;28:890-6.

Zeiher AM, Drexler H, Wollschlager H, Just H. Modulation of
coronary vasomotor tone in humans. Progressive endothelial dysfunc-
tion with different early stages of coronary atherosclerosis. Circulation
1991;83:391-401.

DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas
under two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1988;44:837—45.

STATA base reference manual volume 3. College Station, TX: Stata
Corp., 157-77.

Zou KH, O’Malley AJ, Mauri L. Receiver-operating characteristic
analysis for evaluating diagnostic tests and predictive models. Circu-
lation 2007;115:654-7.

Wenger NK, Shaw LJ, Vaccarino V. Coronary heart disease in
women: update 2008. Clin Pharmacol Ther 2008;83:37-51.

Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S.
deaths from coronary disease, 1980—2000. N Engl ] Med 2007;356:
2388-98.

Yasue H, Kugiyama K. Coronary spasm: clinical features and patho-
genesis. Intern Med 1997;36:760-5.

Halcox JP, Schenke WH, Zalos G, et al. Prognostic value of coronary
vascular endothelial dysfunction. Circulation 2002;106:653-8.
Shimbo D, Grahame-Clarke C, Miyake Y, et al. The association between
endothelial dysfunction and cardiovascular outcomes in a population-
based multi-ethnic cohort. Atherosclerosis 2007;192:197-203.

Bonetti PO, Pumper GM, Higano ST, Holmes DR Jr., Kuvin JT,
Lerman A. Noninvasive identification of patients with early coronary
atherosclerosis by assessment of digital reactive hyperemia. ] Am Coll
Cardiol 2004;44:2137-41.

Rubinshtein R, Kuvin JT, Soffler M, et al. Assessment of endothelial
function by noninvasive peripheral arterial tonometry predicts late
cardiovascular adverse events. Eur Heart ] 2010 Feb 24 [E-pub ahead
of print].

Key Words: myocardial ischemia ® endothelium ® women.



	Digital Assessment of Endothelial Function and Ischemic Heart Disease in Women
	Methods
	Study population and protocol
	RH-PAT
	Cardiac catheterization
	Statistical analysis

	Results
	Clinical characteristics of stable women with chest pain
	RH-PAT indexes and IHD including obstructive CAD and NOCAD
	RH-PAT indexes and ACh-CBF among patients with NOCAD
	RH-PAT indexes and presence of IHD
	ROC analysis for Reynolds Risk Score and RH-PAT index to predict patients with obstructive CAD and IHD in women complaining of chest pain
	RH-PAT index has high ability to predict NOCAD, particularly in patients without obstructive CAD

	Discussion
	Study limitation

	Conclusions
	REFERENCES


