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MRI is a promising noninvasive technique for evaluating
coronary artery disease (CAD) (1). For patients with
CAD, coronary arterial function has a key influence on
the development, progression, and clinical symptoms of
the disease (2). Normal vascular tissue releases nitric oxide,
which plays a pivotal role in the vasodilation of vascular
smooth muscle (3). Impaired endothelium-dependent va-
sodilation has been regarded as an early step in the pro-
gression of atherosclerosis (4). Exogenous nitroglycerin
(NTG) could induce smooth muscle cell-dependent va-
sodilation by providing endothelium-independent nitric
oxide. Nitrate-induced coronary vasodilation could help
improve the visibility of the coronary arteries (5,6). For
coronary CT angiography, administration of NTG could
help improve diagnostic performance and the visibility of
the coronary arteries. Moreover, NTG administration has
been recommended in some guidelines (7,8). One study
reported that sublingual isosorbide dinitrate improved the

signal-to-noise ratio and image quality of coronary MR
angiography (5). However, the influence of NTG on diag-
nostic performance of coronary MR angiography for CAD
has not been determined in a relatively large number of
patients with CAD. Furthermore, coronary vasodilation
may be reduced in patients with CAD, which may largely
eliminate the effect of NTG on improving image quality.
Historically, x-ray coronary angiography (CAG) and
intravascular US have been performed for assessing coro-
nary vasodilation; however, because these methods are
invasive, they are not suitable for widespread application
(9). Because it does not use radiation or a contrast agent
and because it is noninvasive, coronary MR angiography
is safe for repetitive acquisition and measurement. The
severe calcification evident at CT always results in bloom-
ing artifact, which may obscure the relevant vessel lumen.
Coronary MR angiography may be helpful in evaluat-
ing heavily calcified coronary arteries (10). Although
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Abbreviations

CAD = coronary artery disease, CAG = x-ray coronary angiography,
NTG = nitroglycerin

Summary

Sublingual nitroglycerin could improve diagnostic performance of
coronary MR angiography for detecting significant coronary artery
disease; impaired nitroglycerin-induced coronary vasodilation was
also helpful in assessing the severity of coronary artery disease despite
the poor effect of nitroglycerin on improving image quality in such
patients with impaired coronary vasodilation.

Key Points

= Sublingual nitroglycerin should be recommended for coronary
MR angiography.

» Nitroglycerin-induced coronary vasodilation was impaired in pa-
tients with significant coronary artery disease.

nitrate-induced coronary vasodilation has been assessed with
coronary MR angiography in previous studies, most of those
studies used volume-targeted coronary MR angiography ac-
quisition confined to the limited coverage of a single coronary
artery, a technique that is less commonly used in current clini-
cal practice (6,11-13). In addition, due to the increase in heart
rate after applying NTG, previous studies usually performed
pre- and post-NTG coronary MR angiography during differ-
ent phases of the cardiac cycle (6,9,14), which may affect the
accurate assessment of coronary vasodilation.

This study was designed to evaluate the influence of NTG
on the diagnostic performance of coronary MR angiography
for detecting significant CAD using noncontrast whole-heart
coronary MR angiography at 1.5 T, with CAG as the ref-
erence standard. However, we also wanted to assess the dif-
ference in NTG-induced coronary vasodilation between pa-
tients with significant CAD and patients with nonsignificant
CAD. Taking into consideration the increased heart rate after
applying NTG, we took care to perform the coronary MR
angiography during the systolic phase both before and after
administering NTG.

Materials and Methods

Participants

During November 2017 to September 2018, 70 consecu-
tive participants suspected of having CAD and with referral
for CAG were recruited. Our hospital committee on clini-
cal investigation approved our study protocol. Each partici-
pant provided written consent before examination. Exclu-
sion criteria were severe arrhythmias, unstable angina, prior
myocardial infarction, coronary stents or bypass grafts, and
contraindications for MRI examination and NTG, such as
claustrophobia and hypotension. Neither B-blockers nor
contrast material were used in our study, with the exception
of patients who had used a -blocker before the MRI exami-
nation according to clinical needs. All patients were trained
to maintain regular breathing during coronary MR angiogra-
phy acquisition.

Coronary MR Angiography Acquisition

Whole-heart three-dimensional coronary MR angiography
was performed using a 1.5-T scanner (Magnetom Aera;
Siemens Healthcare, Erlangen, Germany) equipped with
quantum gradients (maximum strength, 45 mT/m; slew
rate, 200 mT/m/sec) and an 18-channel body phased-array
surface coil. All participants were in a supine position dur-
ing examination. Initially, free-breathing single-slice coro-
nal scout imaging was performed using steady-state free
precession to observe the movement of the diaphragm and
heart, after which four-chamber cine imaging during free-
breathing was performed to monitor the movement of the
right coronary artery. To obtain real-time respiratory gat-
ing, a cardiac pencil-beam navigator was placed on the right
diaphragm to generate a navigator echo with a gating win-
dow of 5 mm. The acquisition window and trigger delay
time were determined based on a period of minimal right
coronary artery motion during systole. Coronary MR an-
giography acquisition was done during the systolic phase in
all participants using steady-state free precession (repetition
time msec/echo time msec, 3.3/1.5; 90° flip angle; field of
view, 320 x 240 mm; acquisition matrix, 320 x 216; re-
constructed matrix, 640 x 432; slice thickness, 1.0 mm).
We employed a generalized autocalibrating partially parallel
acquisition technique (GRAPPA, Siemens Healthcare) with
factor of two.

After performing pre-NTG coronary MR angiography, 0.4
mg sublingual NTG (Nitrolingual; G. Pohl-Boskamp, Ito-
henlockstedt, Germany) was administered to the participant.
The free-breathing coronal scout imaging and four-chamber
cine imaging were performed respectively at 4 to 6 minutes
after administration of NTG. The acquisition window and
trigger delay time were determined as before administration
of NTG. We also performed the post-NTG coronary MR an-
giography during the systolic phase using the same sequence
as for the pre-NTG acquisition. Heart rate was monitored
throughout the study. Blood pressure was measured by cuff
sphygmomanometer before and 2 minutes after the admin-
istration of NTG in all participants. To suppress abdominal
movement, all patients wore a tight-fitting medical abdomi-
nal belt around the rib cage.

X-ray Coronary Angiography

All participants underwent CAG within 5 days after coro-
nary MR angiography. The result of CAG was evaluated
using quantitative coronary angiography (QCA; Siemens
Healthcare) by the consensus of two experienced cardiologists
(C.G.L.) blinded to the result of coronary MR angiography.
The 15-segment American Heart Association classification
system was used (15). Intracoronary administration of NTG
was used routinely for all patients during CAG. Reduction in
luminal diameter of 50% or more was defined as significant
stenosis of the coronary arteries. Coronary segments with a
reference diameter of less than 2 mm were excluded. For oc-
cluded vessels, the distal segments were not analyzed at CAG,
although collateral flow existed.
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Coronary MR Angiography Analysis

The original coronary MR angiographic images were trans-
ferred to an independent postprocessing workstation (Leon-
ardo VD10B; Siemens Healthcare). Original images and the
relevant postprocessed images were assessed independently by
the two experienced radiologists (S.H.Z. and Y.Y.C.) blinded
to the patient information. The result of coronary MR angi-
ography was evaluated by visual assessment. A different diag-
nosis between the two radiologists was solved with consensus
reading. The coronary arteries were evaluated according to
the 15-segment American Heart Association classification
(15). Reduction in luminal diameter of 50% or more was
defined as significant stenosis. Coronary segments with lumi-
nal diameter of less than 2 mm were excluded. In our study,
nonassessable segments at coronary MR angiography were
considered to have a significant stenosis, while these segments
could be assessed at CAG. For occluded vessels, we analyzed
only the adjacent proximal segments; the distal segments were
not analyzed at coronary MR angiography, although collat-
eral flow existed. Image quality of every coronary segment
was graded visually on a four-point scale (1 = poor [severe
artifacts], 2 = moderate [moderate artifacts], 3 = good [mild
artifacts], 4 = excellent [no artifact]).

Luminal diameter was measured in the proximal segment
with an optimal multiplanar reformatted plane along the long
axis of the coronary artery and measured in consensus by the
two radiologists blinded to NTG status. The selected position
to measure luminal diameter before and after NTG should be
corresponding with careful matching of the surrounding struc-
tures and the distance from the coronary origin to the selected
position. Coronary vasodilation was calculated as: coronary va-

sodilation = (D — D )/D x 100%, where D__and D___are

post post

the luminal diameter before NTG and after NTG respectively.

Statistical Analysis

All statistical analysis was performed using statistical software
(IBM SPSS Statistics 25.0; Armonk, NY). The results of quan-
titative variables were presented as mean + standard deviation.
With CAG as the reference standard, the diagnostic perfor-
mance of coronary MR angiography for detecting significant
CAD was calculated on per-patient, per-vessel, and per-seg-
ment analysis, including sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy with 95%
confidence intervals. The McNemar test was used to compare
the indexes of diagnostic performance of coronary MR angi-
ography on per-patient, per-vessel, and per-segment analysis.
A generalized linear mixed model was also used to compare
the indexes of diagnostic performance of coronary MR angiog-
raphy on per-patient analysis. For performing the model, the
coronary segments and participants were regarded as subject
variables, in which the coronary segments were nested within
per-subject and the subject was set as random effect while the
application of NTG and coronary segment were fixed effects. A
X* test was used to compare the number of failures in which it
was not possible to complete coronary MR angiography acqui-
sition between pre- and post-NTG. The interobserver agree-
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ment of diagnostic performance of coronary MR angiography
was evaluated by k test on a per-patient basis. The paired Stu-
dent 7 test was used to compare heart rate, navigator efficiency,
blood pressure, trigger delay time, duration of acquisition win-
dow, and acquisition time between pre- and post-NTG coro-
nary MR angiography. The image quality between pre- and
post-NTG coronary MR angiography was presented as mean
value + standard deviation and constituent ratio, which were
compared using the nonparametric paired Wilcoxon signed
rank test and a x? test, respectively. The participants were di-
vided into a significant CAD group (significant stenosis) and
a nonsignificant CAD group (no significant stenosis) based on
CAG. Vessel diameter before NTG and coronary vasodilation
between the two groups were compared using an unpaired Stu-
dent 7 test. Coronary vasodilation between the participants us-
ing B-blockers and the participants not using B-blockers was
compared using an unpaired Student # test. A P value of less
than .05 was considered a statistically significant difference.

Results

Table 1 summarizes the characteristics of the study participants.
Sixty-five (93%) of 70 patients successfully underwent pre-
NTG coronary MR angiography, and the post-NTG coronary

MR angiography was successfully completed in 57 (88%) of
65 patients. Five participants did not finish pre-NTG coronary
MR angiography due to the extremely low navigator efficiency
(<20%) resulting from irregular breathing pattern. Two pa-
tients had anomalous origin of the right coronary artery, which
was validated with CAG. Post-NTG coronary MR angiogra-
phy was not successfully completed in six participants due to
long scanning time. In addition, due to symptoms of dizziness,
post-NTG coronary MR angiography was not acquired in two
participants whose dizziness was not severe and which subsided
spontaneously after resting. The number of failures after NTG
was not significantly different from the number of failures be-
fore NTG (P > .05). Comparison of acquisition parameters
and image quality between pre- and post-NTG coronary MR
angiography is shown in Table 2. There was a significant differ-
ence in the constituent ratio of image quality between pre- and
post-NTG coronary MR angiography (P < .05), as shown in
Table 3. There was no significant difference in navigator effi-
ciency, trigger delay time, or acquisition window (P > .05). The
image quality scores and heart rate were increased significantly
at post-NTG coronary MR angiography (2 < .05). The scan-
ning time and blood pressure decreased significantly after the
administration of NTG (P < .05). Use of CAG showed 769
segments with a diameter of greater than or equal to 2 mm.
There were eight patients, 37 vessels, and 116 segments with
different diagnoses after applying NTG. The segments with
luminal diameter of greater than or equal to 2 mm at post-
NTG coronary MR angiography were significantly increased
compared with pre-NTG imaging (P < .05). Using the McNe-
mar test, we found that the indexes of diagnostic performance,
including specificity, positive predictive value, negative predic-
tive value, and accuracy, were significantly increased on per-

vessel and per-segment analysis after NTG (P < .05) (Table 4),
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W.hlle the d.lagnostlc performance was not sig- Table 1: Characteristics of the Study Participants
nificantly different between pre-NTG and post-
NTG coronary MR angiography on per-patient All Participants Who
analysis for the significant CAD group and the Underwent Coronary MR
nonsignificant CAD group (P > .05), respec- Characteristic Angiography after NTG
tively. However, the diagnostic performance was No. of patients 57
significantly improved on per-patient analysis Age (y) 61+7
after NTG (P < .001), when using generalized Age range (y) 41-72
linear mixed model. Figure 1 shows that the im- Sex (male:female) 39:18
age quality and diagnostic performance were sig- Body mass index (kg/m?) 23.9 £ 3.1
nificantly improved at post-NTG coronary MR No. with hypercension 29
angiography compared with pre-NTG coronary No. with diabetes mellitus 3
MR angiography. The K value of interobserver No. of current or prior cigarette smokers 27
agreement for assessing CAD with coronary MR No. using B-blockers 27
angiography was 0.81 on per-patient analysis. LVEF (%) 63.0 + 4.4
No significant difference was found in the vessel
diameter of the major coronary arteries before LVEE range ) : el
NTG between the two groups (P > .05). The No. thh Ch_eSt paun . 54
coronary vasodilation of the significant CAD No. Wfth ity e o 0
group is markedly lower than that of the nonsig- No. thh coronary stent . 0
nificant CAD group (P < .05) (Table 5, Fig 2). No. with stenosis =50% at x-ray coronary angi-
In addition, no significant difference was found ograp h,y_ LAD onl
in coronary vasodilation between the partici- :tenosfs fn LCX Only ;5
pants using -blockers and the participants not StCHOS%S fn RCA only 5
using 3-blockers (P> .05). SZEZZZ iz =0 inL}éX 5
E. ion Stenosis in LAD + RCA 7
Stenosis in LCX + RCA 2
In this study, we found that the diagnostic perfor- Stenosis in all three arteries 6
mance of coronary MR angiography for detecting
significant CAD could be significantly improved dNot.c:..—Unless otherwise 1n.d1catcd, daFa are expressed as mean * standa.rd
by administration of sublineual NTG. In addition eviation. LAD = left anterior descending coronary artery, LCX = left circumflex
Y . . J T ’ coronary artery, LVEF = left ventricular ejection fraction, NTG = nitroglycerin,
although the impaired coronary vasodilation in pa- RCA = right coronary artery.

tents with significant CAD may largely eliminate
the effect of NTG on improving image quality,
NTG-induced vasodilation may still add extra value for the diag-
nosis given that NTG-induced vasodilation was evaluated. Much
of the literature on coronary CT angiography focuses on the appli-
cation of NTG during coronary CT angiography acquisition (16).
To the best of our knowledge, only one other study has been per-
formed on the diagnostic performance of NTG-coronary MR an-
giography (6). However, the number of patients in that study was
relatively small (7 = 17), and the study only recruited patients with
significantly stenotic coronary artery identified at CAG before
cardiac MR angiographic acquisition; however, healthy volunteers
did not undergo CAG. Some indexes of diagnostic performance
in that study, such as positive predictive value and specificity,
seemed to be lower than those in our study and in several previous
reports (17-19). Although coronary CT angiography could pro-
duce high-resolution imaging of coronary arteries, the radiation
and contrast agents involved remain the major limitation in assess-
ing NTG-induced coronary vasodilation. In part because it does
not involve use of a contrast agent, coronary MR angiography is a
promising noninvasive method for evaluating NTG-induced cor-
onary vasodilation. Moreover, blooming artifact from calcification
makes it difficult to make a correct diagnosis based on coronary
CT angjography. A study published in 2007 demonstrated that

coronary MR angiography has better diagnostic performance over
coronary CT angiography for detecting significant CAD with a
heavily calcified coronary lumen (20).

Currently, long acquisition time remains a major reason
for limited use of coronary MR angiography in clinical prac-
tice. Many factors affect acquisition time, including heart rate,
trigger delay time, acquisition window, and respiratory navi-
gator efficiency. In our study, we acquired the coronary MR
angiography acquisition during systole for pre- and post-NTG
administration, which was different from previous studies
(6,14); we did this out of consideration that the evaluation of
coronary vasodilation may be not accurate if a different acqui-
sition phase of the cardiac cycle is used for pre-NTG versus
post-NTG or vice versa. As a result, in our study no signifi-
cant difference was found in navigator efficiency, trigger delay
time, and acquisition window; however, the acquisition time
of coronary MR angiography was found to be slightly short-
ened after NTG, which was also different from previous studies
(6,14). This may be due to the much larger sample size of our
study and that previous studies did not strictly maintain the
acquisition window in the same phase of the cardiac cycle for
pre- and post-NTG coronary MR angiography. In addition, in
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Table 2: Comparison of Acquisition Parameters and Image Quality between Pre-
and Post-Nitroglycerin Whole-Heart Coronary MR Angiography at 1.5 T in 57 Pa-

arterial stiffness. Epidemiologic
studies show arterial stiffness
to be an independent predictor

(min)

163.53 + 32.28
99.55 + 13.58
649/769 (84%)

Trigger delay time (msec)
Acquisition window (msec)

No. of segments = 2.0 mm at coronary

158.95 £ 35.77  .237
97.67 + 15.36 407
720/769 (94%) <.001

tients
of future cardiovascular events,
Parameter Before NTG After NTG P Value including stroke and myocardial
HR (beats/min) 67 £8 76 +9 <.001 infarction, and they show that
Systolic BP (mm Hg) 130 + 18 123 +12 .006 arterial stiffness has been related
Diastolic BP (mm Hg) 77 £ 10 71+6 <.001 to heart failure (24). For patients
Navigator efficiency (%) 38.7 £ 10.2 38.5+11.2 759 with CAD or relevant risk fac-
Coronary MR angiography scanning time 10.83 + 3.86 10.05 + 3.57 .004 tors, dysfunction of coronary ar-

terial reaction to the vasodilators
may be related to both impaired
endothelium-dependent
nary vasodilation and abnormal-

coro-

MR angiography ity of endothelium-independent
Image quality overall 3.33 £ 0.51 3.72£0.46 <.001 coronary vasodilation reaction
RCA proximal 3.64 + 0.48 3.82+043 .012 to NTG, which is related to vas-
Middle 3.35 +0.67 3.69 + 0.54 <.001 cular smooth muscle cells (25).
Distal 3.19+0.70 3.63 £ 0.62 <.001 One study using intravascular
PDA or PL 3.32+0.57 3.78 £ 0.42 <.001 US with intracoronary NTG
LM 3.45 + 0.66 3.80 +0.59 <.001 administration suggested that
LAD proximal 3.34+0.70 3.77 £ 0.54 <.001 the vascular reactivity to NTG
Middle 3.26+0.71 3.67 + 0.64 <.001 is impaired in the coronary seg-
Distal 3.08 + 0.79 3.69 £ 0.72 <.001 ments with atherosclerosis (26).
Diagonal branches 3.60 + 0.50 3.89 £ 0.32 .011 In our study, we found that the
LCX proximal 3.39 £ 0.60 3.77 £ 0.50 002 NTG-induced coronary vaso-
Distal 3.31£0.69 3.67 £0.55 -009 dilation of the significant CAD
Marginal branches 3.29 + 0.47 3.72 + 0.46 .008 group was significantly lower

than that of the nonsignificant

Note.—Data are expressed as mean + standard deviation or number with percentages in parenthe-
ses. BP = blood pressure, HR = heart rate, LAD = left anterior descending coronary artery, LCX

= left circumflex coronary artery, LM = left main coronary artery, NTG = nitroglycerin, PDA =
posterior descending artery, PL = posterolateral branch, RCA = right coronary artery.

Table 3: Comparison of Constituent Ratio for Image Quality between Pre- and Post-
Nitroglycerin Whole-Heart Coronary MR Angiography at 1.5 T in 57 Patients

Image Quality  Before NTG After NTG

4 276/649 (42.5%) 515/720 (71.5%)
3 2641649 (40.7%) 119/720 (16.5%)
2 76/649 (11.7%) 61/720 (8.5%)

1 33/649 (5.1%) 25/720 (3.5%)

Note.—There was a significant difference in the constituent ratio of image quality between pre-

CAD group for all major coro-
nary arteries, whereas Heer et
al (6) reported a significant dif-
ference in coronary vasodilation
between volunteers and patients
for the left main coronary ar-
tery, left anterior descending
artery, and left circumflex coro-
nary artery, with no mention of
the right coronary artery; addi-
tionally, those authors did not
provide the detailed percentage
of coronary vasodilation for

and post-nitroglycerin (NTG) whole-heart coronary MR angiography (P < .05).

patients and volunteers or de-

our study increased heart rate was somewhat helpful in reduc-
ing the acquisition time post-NTG.

The coronary artery blood flow mainly occurs in diastole;
however, Weissman et al (21) reported that the coronary lumi-
nal diameter and luminal area increased during mid- and late
systole compared with that during diastole. It is well known
that nitrates have an important effect on the luminal diameter
of the coronary arteries. To improve the coronary spasm, NTG
has been routinely applied in invasive cardiology (6,22). Sev-
eral studies on the vasodilation effect of nitrates have been pub-
lished (6,12-14,23). Coronary vasodilation is a reflection of
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tailed comparison of coronary
vasodilation. The possible rea-
sons may be that the sample of
patients was relatively small (# = 17), and those volunteers did
not undergo CAG, which caused the coronary arteries status
of volunteers to not be confirmed. Another study found that
age may affect coronary vasodilation with NTG, although no
significant difference was found in NTG-induced coronary
vasodilation between patients and healthy controls (23). We
speculate that this may be due to the two-dimensional MRI
technique used for coronary MR angiography data acquisition
and the small sample of patients with CAD (z = 6). Moreover,
those healthy controls were markedly younger than patients
in the two previous studies (6,23), which also may affect the
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Table 4: Diagnostic Performance of Unenhanced Whole-Heart Coronary MR Angiography at 1.5 T before and after Ap-
plying Nitroglycerin
Per Patient Per Vessel Per Segment
Parameter  Before NTG After NTG Before NTG After NTG Before NTG After NTG
Number 57 57 167 168 649 720
Sensitivity ~ 97.6 (40/41) 97.6 (40/41) 96.9 (62/64) 98.4 (63/64) 96.5 (83/86) 99.0 (95/96)
(%) [85.6,99.9] [85.6, 99.9] [88.2,99.5] [90.5, 99.9] [89.4, 99.1] [93.5,99.9]
Specificity  25.0 (4/16) 62.5 (10/16) 39.8 (41/103) 76.9 (80/104) 80.1 (451/563) 93.6 (584/624)
(%) [8.3,52.5] [35.9, 83.7] [30.4, 49.9] [67.4, 84.3] [76.5, 83.3] [91.3, 95.3]
PPV (%)  76.9 (40/52) 87.0 (40/46) 50.0 (62/124) 72.4 (63/87) 42.6 (83/195) 70.4 (95/135)
[62.8, 87.0] [73.0, 94.6] [40.9, 59.1] [61.6, 81.2] [35.6, 49.8] [61.8,77.8]
NPV (%)  80.0 (4/5) 90.9 (10/11) 95.3 (41/43) 98.8 (80/81) 99.3 (451/454) 99.8 (584/585)
[29.9, 98.9] [57.1,99.5] [82.9, 99.2] [92.4, 99.9] [97.9, 99.8] [98.9, 100]
Accuracy  77.2 (44/57) 87.7 (50/57) 61.7 (103/167) 85.1 (143/168)  82.3 (534/649) 94.3 (679/720)
(%) [66.3, 88.1] [79.2, 96.3] [54.3, 69.1] [79.7, 90.5] [79.4, 85.2] [92.6, 96.0]
Note.—Except for the Number row, data are percentages, with raw data in parentheses and 95% confidence intervals in brackets. NPV =
negative predictive value, NTG = nitroglycerin, PPV = positive predictive value.

Figure 1: X-ray coronary angiography
(CAG) and curved multiplanar reformatted
images from coronary MR angiography
before and affer nitroglycerin (NTG) in
a 56-year-old woman. A, CAG (arrow)
shows significant stenosis in the proximal left
anterior descending coronary arfery (LAD).
Coronary MR angiography before and af-
ter NTG also shows a significant stenosis in
the proximal LAD (arrows), whereas coro-
nary MR angiography before NTG over-
esfimates the stenotic degree of LAD com-
pared with CAG and does not clearly de-
pict LAD, which was improved significantly
after applying NTG. B, CAG shows no
stenosis in the right coronary artery (RCA);
however, coronary MR angiography be-
fore NTG detects a significant stenosis in
the proximal RCA (arrowhead), which is
not observed at coronary MR angiography
after NTG (arrowhead).

Pot-NT
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Table 5: Comparison of Coronary Vasodilation between the Significant CAD Group and the Nonsignificant CAD Group

Vessel Diameter of Nonsignificant

CAD Group (mm)

Vessel Diameter of Significant CAD
Group (mm)

Vasodilation (%)

Artery  Before NTG* After NTG Before NTG* After NTG Controls Patients P Value
RCA  3.85+0.68 4.80 +0.82 3.85 + 0.61 440 £0.72 2527+8.14  1543:673 <001
LM 4.30 £ 0.97 5.32+0.99 4.26 +1.07 4.88+1.11 21.67 + 6.97 15.06 +5.36 <.001
LAD 3.25 £ 0.54 4.13 +0.57 3.40  0.67 3.92 £ 0.79 27.63 + 6.95 15.30 + 6.18 <.001
LCX 3.27 £0.67 412+ 0.74 3.25+0.58 3.77 £0.71 26.90 +7.10 16.21 £7.25 <.001
Average  3.71 + 0.47 4.62 £ 0.50 3.69 + 0.45 423 +£0.53 25.34 +5.07 15.47 + 5.24 <.001

Note.—Data are expressed as mean + standard deviation. CAD = coronary artery disease, LAD = left anterior descending coronary artery,
LCX = left circumflex coronary artery, LM = left main coronary artery, NTG = nitroglycerin, RCA = right coronary artery.
* No significant difference was found in the vessel diameter of the major coronary arteries before NTG between the two groups (P> .05).

Pr-NG

‘-.-r

evaluation of coronary vasodilation. Jin et al (9) found NTG-
induced coronary vasodilator capacity to be significantly cor-
related with age. In our study, all participants underwent CAG,
and mean age was not significantly different between the two
groups, which could make us identify the actual situation of
coronary arteries for every participant. Although impaired cor-
onary vasodilation to NTG may weaken the effect of NTG on
improving the image quality in patients with severe CAD, we
believe that it is still helpful because it may add the diagnos-
tic confidence in assessing the severity of CAD. However, the
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Figure 2: X-ray coronary angiography
(CAG) and maximum intensity projection
images of the right coronary artery (RCA)
from coronary MR angiography demon-
strate nitroglycerin (NTG)-induced vasodi-
lation. A, The coronary MR angiographic
images in a 50-year-old man with multiple
significant stenosis in RCA show no signifi-
cant coronary vasodilafion, whereas the,
B, coronary MR angiographic images in a
50-year-old male control without significant
stenosis in RCA show significant coronary
vasodilation. The decreased coronary va-
sodilation may eliminate the effect of NTG
on improving the image quality; however, it
also may indicate coronary artery disease
and may still play an important role in the
diagnosis of multiple significant stenosis.

Post-NTG

decreased dilation of coronary
arteries detected at coronary MR
angiography may provide the
potential value for identifying or
predicting significant CAD.

Our study had some limita-
tions. The number of patients
with significant stenosis only
in the right coronary artery and
left circumflex coronary artery
was relatively small. Because
we performed coronary MR
angiography before and after
NTG during the systolic phase, the total scanning time was
long for some participants, with a relatively low heart rate
and longer rest period during the diastolic phase. Consider-
ing the participants were suspected of having CAD, the high
prevalence of significant CAD may boost the diagnostic ac-
curacy of the coronary MR angiography. In our study, we
used only 0.4 mg of NTG for each participant, whereas many
centers use 0.8 mg of NTG. In addition, the results only are
applied when coronary MR angiography is successful after
NTG. Thus, it is helpful to apply NTG during coronary MR
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angiography acquisition only if the patient is a candidate for
NTG administration.

In conclusion, we show that coronary MR angiography is
feasible in patients with regular breathing pattern and absence
of arrhythmia. The image quality and diagnostic performance
of coronary MR angiography for detecting significant CAD can
be significantly improved after NTG. The scanning time dur-
ing coronary MR angiography acquisition was reduced after
applying NTG. The NTG-induced coronary vasodilation was
impaired in patients with significant CAD. Therefore, we sug-
gest that coronary MR angiography should be performed after
the administration of sublingual NTG.
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