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Abstract

AIM: To investigate endothelium-dependent and -in-
dependent coronary microvascular functions in patients
with vasospastic angina (VSA).

METHODS: Thirty-six patients with VSA (30 men and
6 women; mean age, 58 years) were enrolled in this
study. VSA was defined as = 90% narrowing of the
epicardial coronary arteries on angiography performed
during a spasm provocation test, presence of chest
pain, and/or ST-segment deviation on an electrocar-
diogram (ECG). Patients (n = 36) with negative spasm
provocation test results and those matched for age and
sex were enrolled as a control group (nonVSA group).
Low-dose acetylcholine (ACh; 3 pg/min) was infused
into the left coronary ostium for 2 min during the spasm
provocation test. Following the spasm provocation test,
nitroglycerin (0.2 mg) was administered intracoronally.
Coronary blood flow (was calculated from quantitative
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angiography and Doppler flow velocity measurements,
and the coronary flow reserve was calculated as the ra-
tio of coronary flow velocity after injection of adenosine
triphosphate (20 ng) to the baseline value. Changes in
the coronary artery diameter in response to ACh and
nitroglycerin infusion were expressed as percentage
changes from baseline measurements.

RESULTS: Body mass index was significantly lower
in the VSA group than in the nonVSA group. The fre-
quency of conventional coronary risk factors and the
rate of statin use were similar between the 2 groups.
The left ventricular ejection fraction as evaluated by
echocardiography was similar between the 2 groups.
The duration of angina was 9 £ 2 mo. The results of
blood chemistry analysis were similar between the 2
groups. Low-dose ACh did not cause coronary spasms.
The change in coronary artery diameter in response
to ACh was lower in the VSA group (-1.4% £ 9.3%)
than in the nonVSA group (3.1% £ 6.5%, P < 0.05),
whereas nitroglycerin-induced coronary artery dilata-
tion and coronary blood flow increase in response to
ACh or coronary flow reserve did not differ significantly
between the 2 groups.

CONCLUSION: These findings suggest that microvas-
cular coronary function may be preserved despite en-
dothelial dysfunction of the epicardial coronary arteries
in patients with VSA.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Vasospastic angina (VSA) is characterized by coronary
spasms, which occur because of a dynamic, transient de-
crease in the luminal diameter of epicardial coronary ar-
teries due to increased vasomotor tone, ultimately leading
to myocardial ischemia™”. Abnormal vascular functions
of the epicardial coronary arteties, including endothelial
dysfunction™ and vascular smooth muscle dysfunc-
tion® ", play pivotal roles in VSA pathogenesis. However,
there are few studies that have investigated coronary
microvascular function in patients with VSA™ ' There-
fore, to confirm the presence of coronary microvascular
dysfunction in patients with VSA, we investigated their
endothelium-dependent and -independent coronary
microvascular functions and compated the results with
those of patients without VSA.

MATERIALS AND METHODS

Study population

Thirty-six patients with VSA (VSA group; 30 males and
6 females; mean age, 58 years) diagnosed by a positive
spasm provocation test and another 36 patients with neg-
ative results of the spasm provocation test performed for
the evaluation of chest symptoms (nonVSA group) were
enrolled in this study. The 2 groups wete well matched
with respect to age and sex. Patients with organic coro-
nary stenosis (> 50%), history of myocardial infarction,
cardiomyopathy, heart failure, or any other serious medi-
cal condition were excluded from the study. Written
informed consent was obtained from all patients prior
to the study. The protocol was approved by the Ethics
Committee of our institution.

Study protocol

All antianginal agents were discontinued at least 48 h
ptior to catheterization with the exception of sublingual
nitroglycerin (NT'G), which was withheld for 1 h prior to
cathetetization. Diagnostic left heatt catheterization and
coronary angiography were performed using a standard
percutaneous brachial approach. A 6F guide catheter was
introduced into the left main coronary artery. A 0.0014
Doppler flow guidewire (Volcano FloWire; Volcano
Therapeutics Inc., Rancho Cordova, CA, United States)
was advanced through the guide catheter into the proxi-
mal segment of the left anterior descending coronary
artery (LAD). The wire tip was positioned in a straight
segment of the vessel to obtain a reliable flow velocity
signal.

After baseline control conditions were established,
incremental doses (3 and 30 ug/min) of acetylcholine
(ACh) were infused into the left coronary artery for 2
min, with 5-min intervals between consecutive doses. If
a coronary spasm was not induced by ACh, incremental
doses of methylergometrine maleate (EM) were infused
into the left coronary attery (10, 20, and 30 pg/min) for
1 min, with 1-min intervals between consecutive doses.
If coronary spasms were not induced by this infusion
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also, incremental doses (15 and 25 pug/min) of EM were
infused into the right coronary artery following the same
protocol as that followed for the left coronary artery.
When coronary spasms were induced or EM infusion
was discontinued, because coronary spasms were not
provoked, NTG (200 pg) was administered by intracoro-
nary injection. Intracoronary ACh and EM were admin-
istered using an infusion pump (TE-311; Terumo, Tokyo,
Japan) at a rate of 1 mL/min. Coronary angiography was
performed immediately after the appearance of chest
symptoms and/or ST segment changes after each dose
of ACh administration, after the last dose of EM when
neither chest symptoms nor ST segment changes were
induced, or 2 min after NTG injection. Finally, adenosine
triphosphate (20 pg) was infused into the left coronary
artery. Coronary blood flow (CBF) velocity was moni-
tored continuously using a 12-MHz pulsed Doppler ve-
locimeter (FloMap; Volcano Therapeutics Inc.). Arterial
pressure, heart rate, and electrocardiography (ECG) read-
ings were monitored continuously and recorded using a
multichannel recorder (Polygraph 1600; Nihon Electric
Corporation, Tokyo, Japan).

Quantitative coronary angiography

A method for measuring the coronary artery diameter
has been described previouslme(ﬂ. The coronary seg-
ment 2 mm distal to the Doppler wire tip, which was not
the spastic segment was selected for quantitative analysis.
For each patient, luminal diameters of the selected LAD
segments were measured by a single investigator blinded
to the clinical data, using an end-diastolic frame by a
computer-assisted coronary angiographic analysis system
(CAAS II/QUANTCOR; Siemens, Betlin, Germany).
Measurements were performed 3 times, and the average
value was used for analysis. Changes in coronary artery
diameter in response to ACh and NTG infusion were
expressed as percentage changes from baseline angio-
graphic measurements obtained before infusion. Intrao-
bserver and interobserver variability of this method were

previously shown to be excellent”,

Estimation of CBF and coronary flow reserve

Coronary flow reserve (CFR) was calculated as the
product of CBF velocity and vessel diameter using the
following formula: = X average peak velocity X 0.125 X
diameter’. For CBF calculations, the internal diameter
of the vessel at the location of the flow measurements
(2 mm distal to the wire tip) was measured using the
method described above. CFR was calculated as the ratio
of CBF velocity after adenosine triphosphate infusion to
the baseline velocity.

Definitions

VSA was defined as = 90% narrowing of the epicardial
coronary arteties on angiography performed during the
spasm provocation test, presence of characteristic chest
pain, and/or ST-segment deviation on ECG". The
LAD trunk was divided into proximal, middle, and distal
segments of equal lengths. The location of the spastic
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Table 1 Patients’ characteristics (mean + SD) 7 (%)

Table 2 Blood chemical parameters (mean + SD)

NonVSA group VSA group P value

(n = 36) (n = 36)

Age (yr) 60+9 59+9 NS
Male/female 31/5 30/6 NS
Body mass index (kg/m’) 252+3.2 232+26 0.0045
Coronary risk facto

Smoking 25 (69) 24 (67) NS

Current/passt smoker 11/13 12/13 NS

Hypertension 21 (58) 19 (53) NS

Dyslipidemia 11 (31) 11 (31) NS

Diabetes mellitus 9 (25) 4 (11) NS
Taking statins (%) 4 (11) 3(9) NS
LVEF on echocardiography (%) 71+8 68+7 NS

VSA: Vasospastic angina; NS: Not significant; LVEF: Left ventricular
ejection fraction.

segment is expressed with reference to these 3 segments.
When coronary spasms occurred diffusely from the prox-
imal to the distal segment, the location was defined as
proximal, middle, and distal. A diffuse spasm was defined
as that when the length of the spastic segment was =
20 mm, and a focal spasm was defined as that when the
length of the spastic segment was < 20 mm. A totally oc-
cluded spastic segment was also considered to represent
a diffuse spasm. In the present study, coronary spasms
occurred in all LADs and also in the left circumflex coro-
nary artery in some VSA patients (multivessel spasm).
The duration of angina was obtained from the patients’
medical examinations performed »iz interviews.

As described previously" ™" in the present study,
we adopted the percent changes in epicardial coronary
diameter in response to ACh and NTG infusions as the
endothelium-dependent and -independent functions of
the coronary artery at the level of conduit vessels, and
adopted the percent change in CBF in response to ACh
infusion and CFR as the endothelium-dependent and -in-
dependent functions of the coronary artery at the level
of resistance vessels.

Biochemical markers and assessment of coronary risk
factors

Fasting blood samples were obtained on the same day
of coronary angiography. The patients were questioned
about their smoking status and classified as a cutrent
smoker, past smoker (who had stopped smoking for at
least 1 mo), or nonsmoker. Blood pressure was measured,
and hypertension was defined as present if systolic blood
pressure was = 140 mmHg, diastolic blood pressure was
= 90 mmHg, and/or the patient was on antihypertensive
drugs. Blood chemistry parameters, including levels of
total cholesterol, triglycerides, high-density lipoprotein
cholesterol, fasting blood sugar, insulin, hemoglobin
A1C, and creatinine were also measured. Low-density
lipoprotein cholesterol was calculated using the Friede-
wald equation™. Hyperlipidemia was defined as present
if low-density lipoprotein cholesterol was = 120 mg/dL
and/or on the patient was on medication for the same.
Diabetes mellitus was defined as present if fasting blood
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NonVSA Group VSA Group P value

Total cholesterol (mg/dL) 196 + 38 205 + 27 NS
Triglyceride (mg/dL) 158 £ 63 142 £ 57 NS
HDL-cholesterol (mg/dL) 52+ 15 55+13 NS
LDL-cholesterol (mg/dL) 113 30 123 +£24 NS
Fasting blood sugar (mg/dL) 103 +24 97 £13 NS
Hemoglobin A1C (%) 56+0.8 54+0.6 NS
C-reactive protein (mg/L) 1.8+29 1.6+3.6 NS

VSA: Vasospastic angina; NS: Not significant; HDL: High-density
lipoprotein; LDL: Low-density lipoprotein.

sugar was = 126 mg/dL, hemoglobin A1C was = 6.5%,
and/or the patient was on medication for the same.

Statistical analysis

All data are expressed as mean = SD. Baseline charactet-
istics of the 2 groups were compared using the Student’s
unpaired ~test or y” analysis as appropriate. The Pearson’s
correlation coefficient was used to investigate the relation-
ship between coronary microvascular parameters and clini-
cal parameters. A P value of < 0.05 was considered statisti-
cally significant.

RESULTS

Patient characteristics and blood chemistry parameters

Patient characteristics are presented in Table 1. Body
mass index (BMI) was significantly lower in the VSA
group than in the nonVSA group. The frequency of con-
ventional coronary risk factors and the rate of statin use
were similar between the 2 groups. The left ventricular
ejection fraction as evaluated by echocardiography was
similar between the 2 groups. The duration of angina was
9 * 2 mo. The results of blood chemistry analysis were
similar between the 2 groups (Table 2).

Angiographic characteristics of coronary spasms in the
VSA group

Although coronary spasm was not induced by ACh infu-
sion at 3 pg/min, it was induced by ACh infusion at 30
ug/min in 14 patients, EM infusion at 20 pg/min in 1
patient, and EM infusion at 30 ug/min in 21 patients.
Coronary spasm occurred in the proximal segment in 1
patient; proximal and middle segments in 1 patient; mid-
dle segment in 14 patients; middle and distal segments
in 8 patients; distal segment in 6 patients; and proximal,
middle, and distal segments in 6 patients. Therefore,
coronary spasm occurred in the distal segments in 20 pa-
tients (56%). A focal spasm was identified in 13 patients
(36%), while a diffuse spasm was identified in 23 patients
(64%). Multivessel coronary spasm occurred in 6 patients

(17%).

Coronary vasomotion in response to drugs

Low-dose ACh infusion (3 pg/min) did not cause coro-
nary spasms; therefore, we adopted the coronary artery
response to low-dose ACh as the endothelial-dependent
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Table 3 Quantitative coronary angiography and Doppler flow

velocity (mean + SD)

NonVSA Group VSA Group P value

Heart rate at baseline (/min) 67 £13 67+9 NS
Mean arterial pressure (mmHg) 107 £11 103 + 16 NS
Coronary artery diameter (mm)
Baseline 3.14+048 295+055 NS
Acetylcholine 3 pg/min 3.24+0.55 2.90+0.59 0.013
Nitroglycerin infusion 3.57 £0.65 343+055 NS
Coronary blood flow (mL/min)
Baseline 94 +48 84 +69 NS
Acetylcholine 3 pug/min 153 +£15 130 £15 NS
Average peak velocity (cm/s)
Baseline 21+8 21+12 NS
After ATP infusion 63 £25 64 +£24 NS

VSA: Vasospastic angina; NS: Not significant; ATP: Adenosine triphos-
phate.

Table 4 Relationship between clinical parameters and

coronary microvascular function (mean + SD)

Parameters ACh-induced P value CFR P value
increase in CBF
Age (yr) r=0.188 NS r=0.204 NS
Disease period (mo) r=-0.016 NS r=-0260 NS
Current smoking
(+,n=12) 545 +14.0 NS 3106 NS
(- n=24) 544+99 33+038
Diffuse spasm
(+,n=23) 60.8 £49.9 NS 32+0.6 NS
(- n=13) 432+433 33+09
Distal spasm
(+,1n=20) 57.0£493 NS 3207 NS
(- n=16) 51.3 £47.2 3308
Multi-vessel spasm
(E,1n=17) 418264 NS 3107 NS
(~n=29) 57.5+515 3307

ACh: Acetylcholine; CFR: Coronary flow reserve; NS: Not significant; CBF:
Coronary blood flow.

coronary artery parameter. The results of coronary va-
somotion in response to each drug are shown in Table
3 and Figures 1 and 2. Heart rate, mean blood pressure,
coronary artery diameter, and CBF at baseline did not
differ between groups. The change in coronary artery
diameter in response to ACh infusion at 3 pg/ min was
lesser in the VSA group than in the nonVSA group,
although NTG-induced coronary artery dilatation was
similar between the 2 groups (Table 3 and Figure 1). CFR
and CBF increase in response to low-dose ACh infusion
did not differ between groups (Table 3 and Figure 2).
Neither CFR nor the increase in CBF induced by low-
dose ACh was correlated with several clinical factors,
including age, duration of angina, smoking status, and

presence of diffuse and distal spasms (Table 4).

DISCUSSION

In the present study, we compared endothelium-indepen-
dent and -dependent coronary microvascular functions

(49

TR
Raishideng®

WJC | www.wjgnet.com

A 100 P =0.0196
g 751
9]
5] 5.0 r
g
S 2.5
he)
g . 3.1+6.5
5 -1.4+£9.3
E 25 |
[=]
s 50
o
=
o 75F
2
o -100 |
(@]
-12.5 L !
NonVSA group VSA group
B 20 NS
L 18f [
g 16
[0
5§ 1L
o
-
s L|
2 8 H
S 13.7 £ 13.0 16.8 + 10.8
8 6 L
£
g 4t
5
S 2
0 L L
NonVSA group VSA group

Figure 1 Percentage changes in epicardial coronary artery diameter in re-
sponse to acetylcholine and nitroglycerin infusion. A: Percentage changes
in coronary artery diameter in response to low-dose acetylcholine infusion was
significantly lower in the vasospastic angina (VSA) group than in the nonVSA
group; B: Percentage changes in coronary artery diameter in response to nitro-
glycerin infusion were similar between groups. NS: Not significant.

between patients with VSA characterized by coronary
spasms in LAD and age-matched and sex-matched
patients who tested negative in the coronary spasm
provocation test. ACh-induced changes in the epicardial
coronary arteries were impaired in the VSA group; how-
ever, other vascular functions, such as NT'G-induced epi-
catdial coronary artery dilatation, CFR, and ACh-induced
increase in CBE, were similar between the 2 groups.
Coronary endothelial dysfunction at the level of conduit
vessels, but not at the level of resistance vessels, may
contribute to VSA pathogenesis.

The vascular endothelium is not only a simple passive
barrier between the circulating blood and surrounding
tissues but also a multifunctional organ, the integrity of
which is essential to normal vascular physiologymj. It
releases various vasodilators, including nitric oxide (NO),
prostacyclin, and endothelium-derived hyperpolarizing
factor, as well as vasoconstrictors. NO plays an impot-
tant role in the regulation of vascular tone, inhibition of
platelet aggregation, and suppression of vascular smooth
muscle cell proliferation[24’25]. ACh causes vasodilation by
releasing NO from the endothelium in healthy humans,
whereas it causes vasoconstriction in patients with coro-
nary atherosclerosis”*". The coronary arteries in patients
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Figure 2 Percentage changes in coronary blood flow in response to ace-
tylcholine infusion and coronary flow reserve. A: Percentage changes in
coronary blood flow in response to low-dose acetylcholine infusion; B: Coronary
flow reserve did not differ between the 2 groups. NS: Not significant.

with VSA are highly sensitive to the vasoconstrictive ef-
fect of intracoronary ACh infusion, thereby resulting in
spasmsmm. Thus, intracoronary ACh injection is used as
a provocative test for coronary spasm[27'29]. Therefore, in
the present study, we assessed coronary endothelial func-
tion using low-dose ACh infusion (3 pg/min), which did
not cause significant coronary spasms.

Regarding coronary vascular function at the level of
conduit vessels, it is accepted that abnormal vascular
function of the epicardial coronary arteries is present
in VSA patientspﬂ, although it has not been clarified
whether coronary endothelial dysfunction only, coronary
smooth muscle dysfunction only, or both contribute to
VSA pathogenesis”. In the present study, low-dose ACh
infusion caused significant vasoconstriction in patients
with VSA compared with those without, whereas NTG
administration did not cause significant differences be-
tween groups, suggesting that endothelial dysfunction of
the epicardial coronary artery was present in patients with
VSA.

Regarding coronary microvascular function in patients
with VSA, several studies have investigated the coronary
microvascular endothelium -independent function using
CFR measurements” ”. According to these reports’ ',
several clinical factors, including patient age, disease
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period, smoking status, and presence of diffuse and dis-
tal spasms were associated with decreased CFR. In the
present study, CER in the VSA group was not decreased
compared with that in the nonVSA group. In addition,
CFR in the VSA group was not associated with any clini-
cal parameter suggested by previous studies” . Our sub-
jects were patients with VSA characterized by coronary
spasms in LADs. However, coronary spasms occur in
other coronary vessels as well”>", and it sometimes oc-
curs prominently in the right coronary artery. Therefore,
the assessment of coronary microvascular function only
in LADs may be insufficient to determine coronary mi-
crovascular function in patients with VSA. Furthermore,
the nonVSA group in which patients underwent coronary
angiography and spasm provocation tests for the evalu-
ation of chest symptom s may have included patients
with microvascular angina. It is well known that coronary
microvascular function is impaired in such patients™
However, if such patients were included in the nonVSA
group, CFR in this group would have already been low.
Differences in these patient characteristics as well as
differences in methodologies and materials, such as the
stress agents, their doses, the administration sites (intrave-
nous or intracoronary), and segments in which Doppler
flow guidewires are placed, may have led to the differing
results.

On the other hand, only few studies have investigated
the coronary microvascular endothelium-dependent
function. Okumura ¢z a/* showed that CBF significantly
increased during coronary spasms in LAD, indicating that
the microvascular endothelium-dependent function was
preserved. Our results, assessed under the nonspastic sta-
tus, showed that microvascular endothelial function was
not impaired in the VSA group compared with that in
the nonVSA group. As mentioned above, it was possible
that the microvascular endothelial function was already
impaired in the nonVSA group if patients with microvas-
cular angina were included. However, our results showed
that coronary microvascular endothelial dysfunction was
not involved in the pathogenesis of VSA.

Our results suggest two clinical implications. First,
endothelial dysfunction of the epicardial coronary artery,
even at the nonspastic segment, was present in patients
with VSA. Although endothelial dysfunction may occur
throughout the vasculature, the degree of endothelial
dysfunction may not always be consistent. Regarding the
relationship between the presence of a myocardial bridge
and VSA™ it is possible that local external force may
cause the difference in the development of endothelial
dysfunction even in the same coronary artery. Therefore,
the differences in the degree or development of endo-
thelial dysfunction of the epicardial coronary artery may
cause the heterogeneity of occurrence of a coronary
spasm. Second, coronary microvascular function may
be preserved in patients with VSA to countermeasure
myocardial ischemia due to vasospasm of the epicardial
coronaty artety.

There were several limitations to the present study.
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First, as mentioned above, coronary spasms do not al-
ways occur in LAD; therefore, our results may not have
accounted for all VSA patients. Second, patients in the
nonVSA group with chest symptoms, angiographically
normal coronary arteries, and a negative spasm provoca-
tion test may be heterogenous; in addition, patients with
microvascular angina may have been included in this
group. Therefore, it was possible that the nonVSA group
was not a pure control. Finally, BMI was not similar be-
tween the 2 groups. ACh doses, which were not adjusted
according to BMI in the present study, may have contrib-
uted to ACh-induced coronary vascular responses. How-
evet, coronary artery diameter and CBF at baseline was
similar between groups, and we believe that differences in
BMI did not affect the coronary vascular responses.

In conclusion, the present study showed that coro-
nary microvascular function, including endothelium-
dependent and -independent functions, may be preserved
despite coronary endothelial dysfunction at the level of
conduit vessels. The latter may contribute to VSA patho-
genesis.
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COMMENTS

Background

Vasospastic angina (VSA) is characterized by coronary spasms, which occur
because of a dynamic, transient reduction in the luminal diameter of epicardial
coronary arteries, leading to myocardial ischemia. It has been reported that
abnormal vascular functions of the epicardial coronary arteries were involved in
the pathogenesis of VSA. However, coronary microvascular function in patients
with VSA remains to be elucidated.

Research frontiers

The pathogenesis of VSA remains to be unclear. Therefore, to assess coronary
vascular response, especially at the level of resistance vessels, may, in part,
contribute to the pathogenesis of VSA.

Innovations and breakthroughs

Several studies investigating coronary vascular function in patients with VSA
have been reported and their results have identified coronary vascular dys-
function at the level of the conduit vessels. However, it has not been clarified
whether coronary endothelial dysfunction only, coronary smooth muscle dys-
function only, both contribute to VSA pathogenesis. Furthermore, only a few
studies have investigated coronary microvascular functions in patients with
VSA. In the present study, the authors assessed coronary vascular functions
using quantitative coronary angiography and Doppler velocity measurements
in VSA patients whose coronary spasm occurred in the left anterior descending
coronary artery, and compared them with those in nonVSA patients with nega-
tive spasm prevocational test. The results showed that the change in coronary
artery diameter in response to a low dose of acetylcholine (ACh) was lower in
the VSA group, whereas nitroglycerin-induced coronary artery dilatation and
coronary blood flow increase in response to ACh or coronary flow reserve did
not differ significantly between the 2 groups. These findings suggest that micro-
vascular coronary function may be preserved despite endothelial dysfunction of
the epicardial coronary arteries in patients with VSA.
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Applications

The results suggest two clinical implications. First, endothelial dysfunction
of the epicardial coronary artery was present in patients with VSA. Second,
coronary microvascular functions including endothelium-dependent and may be
preserved in patients with VSA. Such coronary vascular response may highlight
the pathogenesis of VSA. In addition, the latter finding may countermeasure
myocardial ischemia due to vasospasm of the epicardial coronary artery.
Terminology

Regarding coronary vascular functions, there are two components: at the level
of conduit vessels (epicardial coronary artery) and at the level of resistance
vessels (microvascular coronary artery). In addition, regarding the factors of
coronary artery vasodilation, there are two factors: endothelium-dependent
and -independent ones. In the present study, using quantitative coronary angi-
ography and Doppler velocity measurements, the authors defined the percent
changes in epicardial coronary diameter in response to ACh and NTG infusions
as the endothelium-dependent and -independent functions of the coronary
artery at the level of conduit vessels, and defined the percent change in coro-
nary blood flow in response to ACh infusion and coronary flow reserve as the
endothelium-dependent and -independent functions of the coronary artery at
the level of resistance vessels.

Peer review

The results presented in this paper are good, with the references are properly
Quoted and work is new. The paper is very well organized and the results pre-
sented in this paper are justified, and the paper may be accepted in the format
in which it is submitted, with the references listed.
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