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Abstract
Objective-In the light of the reported
inconsistent anti-ischaemic and antiangi-
nal effects of transdermal glyceryl trini-
trate, its efficacy and influence on the
effects of intracoronary glyceryl trinitrate
were examined during coronary angio-
plasty, which provides a model of con-
trolled, reversible ischaemia.
Design-Double blind, randomised study
of the effect of transdermal and intra-
coronary glyceryl trinitrate on ischaemia
during coronary angioplasty.
Patients-40 patients with isolated severe
stenosis of the left anterior descending
coronary artery.
Interventions-Patients were randomised
(double blind) to transdermal gylceryl
trinitrate (10 mg per day) and placebo,
starting four to six hours before angio-
plasty. After 4 one-minute balloon infla-
tions intracoronary glyceryl trinitrate was
injected (0.2 mg) and then 4 further one-
minute inflations were performed.
Main outcome measures-The time to
angina and the time to > 0-2 mV ST shift
on surface electrocardiogram (ECG) or
intracoronary ECG during the individual
inflations.
Results-These times did not significantly
differ during initial inflations between
transdermal glyceryl trinitrate (27 (11), 25
(9), and 19 (9) s, respectively) and placebo
(34 (11), 30 (8), and 21 (7) s. After intra-
coronary glyceryl trinitrate, they were
significantly prolonged compared with
the initial values, without differences
between patients with transdermal glyc-
eryl trinitrate (37 (10), 30 (8), and 23 (8) s,
respectively) or placebo (39 (15), 36 (11),
and 28 (12) s). Ischaemic preconditioning
was not seen.
Conclusions-Transdermal glyceryl trini-
trate (10 mg per day), unlike intracoro-
nary glyceryl trinitrate, did not alleviate
the myocardial ischaemia produced by
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Figure 1 Design of the study. PTCA, coronary angioplasty.

balloon inflation during coronary angio-
plasty.
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Balloon inflation during coronary angioplasty
commonly produces myocardial ischaemia
and angina, and provides a method of pro-
ducing controlled, reversible ischaemia in
humans. The intracoronary, intravenous, or
sublingual administration of nitrates is known
to reduce these effects.l Transdermal admin-
istration of glyceryl trinitrate, which is widely
used as antianginal therapy with variable bene-
fits, has not been tested in this setting. We
studied the effects of transdermal glyceryl
trinitrate on myocardial ischaemia during bal-
loon inflation for coronary angioplasty in a
randomised double blind, placebo controlled
trial and also the possible influence of trans-
dermal glyceryl trinitrate on the effects of sub-
sequently administered intracoronary glyceryl
trinitrate.

Patients and methods
Forty consecutive eligible patients were ran-
domised in a double blind fashion to receive
either transdermal glyceryl trinitrate (Deponit
10 containing 32 mg of glyceryl trinitrate
designed to be released at an average absorp-
tion rate of 10 mg per 24 hours) or placebo
starting 4-6 hours before coronary angioplasty
(fig 1). The patches were applied on a hair-
free area on the anterior abdominal wall.
Eligible patients had a history of typical
angina, reversible ischaemia by non-invasive
testing, single vessel coronary artery disease
involving the left anterior descending coronary
artery (with >e 70% stenosis), and normal left
ventricular function (ejection fraction >c 60%
without regional wall motion abnormalities).
Patients with known nitrate tolerance, angio-
graphically visible collaterals to the vessel to be
dilated, acute myocardial infarction, prior
transmural myocardial infarction, left bundle
branch block, prior coronary artery bypass
surgery, diabetes mellitus, and those who had
persistent hypotension on admission were
excluded. Those who had received cardioac-
tive drugs in the preceding 24 hours (except
aspirin and heparin) or short-acting nitrates in
the preceding two hours were also excluded.
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Table 1 Baseline data

Transdermal GTN Placebo
(n = 19) (n = 20)

Age (years) (means (SD)) 58 (8) 57 (2)
Males (n (%)) 16 (84) 17 (85)
Previous antianginal therapy:

,B Blockers 8 (42) 8 (40)
Calcium antagonists* 6 (32) 9 (45)
Long acting nitrates* 9 (48) 10 (50)
GTN 5 (26) 6 (30)

*Stopped > 24 h before testing. GTN, glyceryl trinitrate.

Informed consent for the study, conforming to
the declaration of Helsinki, was obtained from
each patient. The study was approved by the
institution's human research committee. The
baseline characteristics of the two randomised
groups are presented in table 1.

Evaluation before coronary angioplasty
included a detailed history, clinical examina-
tion, and a standard 12 lead ECG. Coronary
angioplasty was performed using the standard
techniques.5 A total of eight balloon inflations
of one minute each were made. Sufficient time
(minimum of one minute) was allowed
between inflations for symptoms and ECG
changes to disappear. The inflations made
after a satisfactory angiographic result was

achieved were low pressure inflations of less
than 2 atmospheres, which were sufficient to
occlude blood flow in the vessel (confirmed by
contrast injections) without injuring the vessel
wall. Intracoronary glyceryl trinitrate (0-2 mg)
was administered after the fourth inflation,
and the fifth inflation was postponed by two
minutes (fig 1). Coronary angiography was

performed initially, after the fourth balloon
inflation, after the last balloon inflation, and as

required to assess angiographic results. The
angiograms were evaluated by two indepen-
dent observers to assess the primary success of
coronary angioplasty (residual stenosis < 50%
of luminal diameter as a mean of at least two
perpendicular projections), collateral flow, and
coronary spasm. In 20 patients the diameter of
a normal segment of the proximal left anterior
descending coronary artery could be measured
by quantitative coronary angiography to assess

the coronary vasodilatory effect of intracoro-
nary glyceryl trinitrate. Surface ECG (leads I,
II, III, and V2) and intracoronary ECG6 were

recorded before and during the first inflation,
during each subsequent inflation and after the
last inflation. Mean aortic pressure and mean

heart rate were noted before and after each
inflation. The following variables were mea-

sured for each balloon inflation (1) time to
onset of angina from the beginning of inflation
(primary variable), (2) time to onset of ST
segment shift of > 0 2 mV on the surface
ECG, (3) time to onset of ST segment shift of
> 0-2 mV on the intracoronary ECG, (4)
maximum ST segment shift on the surface
ECG, (5) maximum ST segment shift on the
intracoronary ECG.
The variables recorded during the second to

fourth and the sixth to eighth balloon infla-
tions were considered for analysis. The
ischaemic response to the first inflation is

highly variable.7 The deflated balloon catheter,
by itself, produces variable obstruction to
blood flow when first placed across a severe
stenosis and, in the setting of a subtotal steno-
sis, frequently causes ischaemia even before it is
inflated. The fifth inflation was performed two
minutes after the administration of intracoro-
nary glyceryl trinitrate. This interval could be
insufficient to show the maximal effects of
intracoronary glyceryl trinitrate.

All variables between the two groups were
compared by the Wilcoxon rank-sum test. For
within group comparisons we used the paired t
test for changes in coronary artery diameter
and the Wilcoxon signed-rank test for the
other variables. Values are expressed as mean
(SD).

Results
Thirty nine of the 40 randomised patients had
a successful coronary angioplasty with a
reduction of luminal diameter stenosis from
83 (9)% to 14 (8)% in the transdermal glyc-
eryl trinitrate group and from 84 (7)% to 10
(6)% in the placebo group. One patient origi-
nally randomised to receive transdermal glyc-
eryl trinitrate was excluded because at
angiography it was found that the coronary
stenosis was not significant and did not war-
rant coronary angioplasty. Four patients in the
transdermal glyceryl trinitrate group and six in
the placebo group needed stent implantation
for local dissection after balloon inflation. One
patient in each group had delayed acute vessel
closure leading to myocardial infarction.
There were no deaths.

TIME TO ONSET OF ANGINA
Three patients in the transdermal glyceryl
trinitrate group had neither angina nor signifi-
cant ST changes on ECG during balloon infla-
tions. One in the placebo group had significant
ECG changes but no angina during balloon
inflations. The time to onset of angina before
intracoronary glyceryl trinitrate administra-
tion-that is, the average of the values during
the second to fourth balloon inflations-was
not significantly different with transdermal
glyceryl trinitrate and with placebo (27 (11)
and 34 (11) s, respectively). After intracoro-
nary glyceryl trinitrate-that is, during the
sixth to eighth balloon inflations, the average
time to onset of angina was significantly pro-
longed within each group (37 (10), and 39
(15) s, respectively), again without a signifi-
cant difference between the groups (fig 2).

TIME TO ONSET OF SIGNIFICANT ST SHIFT ON
SURFACE ECG
The time to onset of significant ST shift on
surface ECG was not significantly different in
the transdermal glyceryl trinitrate and placebo
groups either before intracoronary glyceryl
trinitrate (25 (9) and 30 (8) s, respectively) or
after intracoronary glyceryl trinitrate (30 (8),
and 36 (11) s). As with time to angina, after
intracoronary glyceryl trinitrate, this variable
significantly increased in both groups alike (fig
3).
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Figure 2 Time to onset of
angina (mean (SD))
during balloon inflations.
TGTN, transdermal
glyceryl trinitrate; IC
GTN, intracoronary
glyceryl trinitrate. Before
IC GTN = mean of
values ofsecond to fourth
inflations; after IC GTN
= mean of values ofsixth
to eighth inflations.
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Figure 3 Time to onset of
> 0O2 mVST shift on
surface ECG (mean
(SD)) during baloon
inflations. See legend tofig
2 for abbreviations.
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TIME TO ONSET OF SIGNIFICANT ST SHIFT ON
INTRACORONARY ECG
The results were similar to those seen with the
surface ECG. The groups did not differ signif-
icantly in the time to onset of significant ST
shift either before intracoronary glyceryl
trinitrate (19 (9) s with transdermal glyceryl
trinitrate, and 21(7) s with placebo) or after
intracoronary glyceryl trinitrate (23 (8) and 28
(12) s, respectively). Within both groups,
however, this interval was significantly pro-

Figure 4 Time to onset of
> 0-2mVSTshifton
intracoronary ECG (mean
(SD)) during baUloon
inflations. See legend tofig
2for abbreviations.
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Table 2 Maximum STsegment shift (m 1 on surface
ECG during balloon inflation (mean SD))

Transdermal GTN Placebo
Balloon inflation (n = 14) (n = 12)

First 0-28 (0-16) 0-24 (0-10)
Second 0-26 (0-18) 0-28 (0-12)
Third 0-26 (0-16) 0-26 (0-14)
Fourth 0-26 (0-16) 0-28 (0-12)
Second to fourth 0-26 (0-16) 0-27 (0-12)
Fifth (average) 0-20 (0-16) 0-20 (0-10)
Sixth 0-22 (0-16) 0-24 (0-14)
Seventh 0-22 (0-12) 0-22 (0-14)
Eighth 0-20 (0-10) 0-20 (0-12)
Sixth to eighth

(average) 0-21 (0-12) 0-22 (0-12)

Table 3 Maximum STsegment shift (mV) on
intracoronary ECG during balloon inflation (mean (SD))

Transdermal GTN Placebo
Balloon inflation (n = 14) (n = 13)

First 0-72 (053) 074 (059)
Second 0-76 (0-61) 0-72 (0 56)
Third 0-82 (0 62) 0-76 (0 58)
Fourth 0-80 (0.64) 0-82 (0.62)
Second to fourth 0-79 (0 62) 0-77 (0 60)
Fifti (average) 0-66 (0 58) 0-69 (0-49)
Sixth 0-69 (0 62) 0 73 (0 59)
Seventh 0-71 (0 60) 0-72 (0 56)
Eighth 0-68 (0.63) 0 74 (0 58)
Sixth to eighth

(average) 0-69 (0-61) 0 73 (0 57)

longed after
(fig 4).

intracoronary glyceryl trinitrate

MAXIMUM ST SHIFT DURING BALLOON
INFLATION

The maximum ST shift on surface ECG with
transdermal glyceryl trinitrate was not signifi-
cantly different compared with placebo. Nor
was it significantly influenced by intracoronary
glyceryl trinitrate. The ST shift in the intra-
coronary ECG was larger than in the surface
ECG (as observed earlier8) but it was not
changed significantly by either transdermal or
intracoronary glyceryl trinitrate (tables 2 and
3).

CORONARY ARTERY DIAMETER
Compared with baseline values the coronary
artery diameter measured in a normal segment
of the proximal left anterior descending coro-
nary artery increased significantly after intra-
coronary glyceryl trinitrate in patients who had
received transdermal glyceryl trinitrate as well
as in those who had received placebo (table 4).
The extent of change in coronary diameter
after intracoronary glyceryl trinitrate was not
significantly different in the two groups.

BLOOD PRESSURE AND HEART RATE

Mean aortic blood pressure and heart rate
were not different in the two study groups
either before or after intracoronary glyceryl
trinitrate. There was no significant difference

Table 4 Proximal LAD diameter (mm) (mean (SD))

Transdermal GTN Placebo
(n = 9) (n = 11)

Pre-PTCA 3 90 (0 96) 3-99 (0 84)
Post-IC GTN 4-12 (0 82)* 4-31 (0 83)*
Post-PTCA 4 05 (0 80) 4-23 (0 98)

LAD, left anterior descending coronary artery; PTCA,
percutaneous transluminal coronary angioplasty; IC GTN,
intracoronary glyceryl trinitrate. *P < 0 05 compared with pre-
PTCA values.
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Table 7 Time (s) to > 0-2 mVST segment shift in
intracoronary ECG during balloon inflation (mean (SD))

Transdermal GTN Placebo
Balloon inflation (n = 16) (n = 19)

First 17 (8) 20 (10)
Second 19 (10) 21 (6)
Third 16 (5) 21 (9)
Fourth 18 (9) 21 (8)
Fifth 24 (12) 28 (11)
Sixth 22 (8) 27 (12)
Seventh 22 (8) 26 (11)
Eighth 23 (8) 28 (13)

ISCHAEMIC PRECONDITIONING
In both the study groups successive balloon
inflations before injection of intracoronary
glyceryl trinitrate and after it did not increase
tolerance to ischaemia (preconditioning)
(tables 2 and 3 and 5-7).

Discussion
Over the years the use of transdermal glyceryl
trinitrate as an anti-anginal agent has raised
several controversies. The problems of
variable drug absorption, need for frequent
dosing, and fluctuating plasma drug concen-
trations were overcome by replacing glyceryl
trinitrate ointment with the transdermal patch
system.9 The daily continuous use of such

IC GTN patches, however, led to the problem of nitrate
tolerance which was not eliminated by increas-
ing the glyceryl trinitrate dosage'0 but was
reduced by intermittent patch administra-
tion." Recent data, however, suggest that
rebound ischaemia may result from intermit-
tent administration.'2 Further, the effects of

4A 4B 5A 5B 6A 6B 7A 7B 8A 8B transdermal glyceryl trinitrate on exercise-
Balloon inflations induced myocardial ischaemia and on sympto-

matic anginal attacks seem to be unconnected.
efore (A) and after (B) each balloon inflation. Though exercise-induced ischaemia improved

in several studies, evidence that it reduces the
ese variables after each balloon inflation frequency of anginal attacks is not convinc-
)ared with the values before inflation. A ing.I1 Our observations in the setting of coro-
and similar decrease in blood pressure nary angioplasty, a model of controlled

seen in both groups after intracoronary reproducible ischaemia, accentuate the con-
tion of glyceryl trinitrate (figs 5 and 6). troversy surrounding the use of transdermal

glyceryl trinitrate in patients with coronary
artery disease.

5 Time (s) to angina during balloon inflation We found that the application of the trans-
(SD)) dermal glyceryl trinitrate patch at a dose of 10

Transdermal GTN Placebo mg per day 4-6 hours before coronary angio-
initiflation (n = 16) (n = 19) plasty did not influence either the time to

31 (15) 29 (15) onset of angina nor the magnitude or the time
28 (12) 34 (113) to onset of ischaemic changes on surface or
28 (13) 33 (16) intracoronary ECGs during balloon inflation.
37 (14) 41 (13) On the other hand, the administration of intra-34 (10) 39 (17)

h 37 (13) 37 (14) coronary glyceryl trinitrate significantly pro-
39 (11) 41 (17) longed the time to onset of angina as well as

the time to onset of ischaemic changes on both
surface and intracoronary ECGs. These effects

6 Time (s) to 0-2 miVnST segment shift in of intracoronary glyceryl trinitrate were neither
augmented nor reduced by prior administra-

Transdermal GTN Placebo tion of transdermal glyceryl trinitrate.
inflation (n = 16) (n = 20) The beneficial effects of glyceryl trinitrate

28 (13) 30 (10) administered by the intracoronary, intra-
1 ~~24 (10) 31 (9)

26 (9) 29 (9) venous, or sublingual routes during coronary
26 (12) 28 (8) angioplasty has been demonstrated in earlier
29 (8)) 395 (82) studies. 1' Transdermal glyceryl trinitrate

h 30 (9) 35 (13) including the system used in our study has
31 (9) 36 (13) been shown to be effective in reducing exer-
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cise-induced ischaemia."4 This makes the lack
of benefit of transdermal glyceryl trinitrate in
the context of coronary angioplasty intriguing.
Possible explanations include (1) suboptimal
drug dose, (2) inappropriate timing of admin-
istration, (3) onset of rapid nitrate tolerance,
(4) absence of significant haemodynamic
changes after transdermal glyceryl trinitrate
administration, (5) activation of the sympa-
thetic and aldosterone systems by transdermal
glyceryl trinitrate, and (6) the mode by which
ischaemia is induced during balloon inflation.
The dose of transdermal glyceryl trinitrate

used in our study (absorption rate of 10 mg/24
h) has been commonly and effectively used in
earlier studies and would be deemed adequate
for anti-ischaemic effect. 10-4 The interval of
4-6 hours between application of the glyceryl
trinitrate patch and the angioplasty procedure
in our study allowed sufficient time for drug
action. After transdermal administration
plasma concentrations of glyceryl trinitrate
peak at 2-4 hours and attain a steady state
thereafter.15 Nitrate tolerance is more common
and occurs more rapidly with treatments that
produce steady plasma drug concentrations.
However, such tolerance usually occurs
beyond eight hours of initial application of a
transdermal glyceryl trinitrate patch. 16-19 In our
study, no significant effect on blood pressure
or heart rate was noted after transdermal glyc-
eryl trinitrate administration. After intracoro-
nary glyceryl trinitrate, an insignificant fall in
blood pressure was noted. It could be argued
that the effectiveness of intracoronary glyceryl
trinitrate as opposed to transdermal glyceryl
trinitrate was related to this difference. The
fact that plasma concentrations were not mea-
sured turned out to be a considerable flaw of
the study. We cannot exclude the possibility
that low plasma concentrations after transder-
mal application accounted for the lack of
effect.
On the other hand, the influence of the cat-

echolamine and renin-aldosterone activity on
the effect of transdermal glyceryl trinitrate may
be responsible for the observed lack of benefit
with transdermal glyceryl trinitrate. An earlier
study has shown that in subjects with higher
catecholamine and renin-aldosterone activity,
transdermal glyceryl trinitrate confers little or
no benefit even against exercise induced
ischaemia.20 Such activation may occur as
early as 90 minutes after nitrate administra-
tion.2' Although we did not measure cate-
cholamine or renin aldosterone activity in our
patients, it is reasonable to expect that during
coronary angioplasty, such activity might be
high enough to interfere with the anti-
ischaemic effect of transdermal glyceryl trini-
trate.

Another plausible explanation could be the
mode of ischaemia production during balloon
inflation. In exercise-induced ischaemia there
is a gradual alteration of the balance between
myocardial oxygen demand and supply,
whereas the ischaemia that occurs during bal-
loon inflation results from rapid occlusion of
the coronary artery. It is possible that the relief
of ischaemia that is produced so rapidly

requires higher or rapidly rising plasma con-
centrations of glyceryl trinitrate or a more
potent glyceryl trinitrate action. It is known
that although transdermal glyceryl trinitrate
improves exercise-induced ischaemia, this
improvement is not maximal and further
improvement occurs when sublingual glyceryl
trinitrate is additionally administered." This
suboptimal effect of transdermal glyceryl trini-
trate may be related to the lower or more
slowly rising plasma drug concentrations com-
pared with intravenous or sublingual adminis-
tration or to a differing ratio of the two active
dinitrate metabolites of glyceryl trinitrate (the
ratio of 1 2 and 1-3 dinitroglyceryl metabolites
varies as a function of the route of administra-
tion) and may explain its reduced effect in the
setting of coronary angioplasty.9 15'2 Therefore,
it is possible that the model of ischaemia
induced by balloon inflation during coronary
angioplasty is not always comparable to mod-
els of exercise-induced ischaemia. Never-
theless, our data suggest that pretreatment of
patients with glyceryl trinitrate patches before
coronary angioplasty cannot be recom-
mended.
An interesting corollary from our study is

the absence of evidence for ischaemic precon-
ditioning during successive balloon inflations.
Ischaemic preconditioning is not a established
phenomenon in humans and our criteria for
control inflations (exclusion of the first and the
fifth balloon inflations) and the elimination of
patients with pre-existing angiographic collat-
erals are more rigid than in other studies
demonstrating this phenomenon.25 25 Absence
of preconditioning under similar conditions
has recently been suggested.26
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