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T efficacy of organic nitrates in the treatment of acute episodes of angina pectoris is
unquestioned. However, long-term use of these agents is associated with the develop-
ment of tolerance or of reduced efficacy over time when given in doses or formulations
that maintain therapeutic blood levels for 24-hour periods. Thus, the role of long-term

use of nitrates in prophylactic treatment of stable angina has been questioned. The purpose of this
brief review is to evaluate nitrate tolerance, a key issue in the prophylactic use of nitrates, as well as
to review what is known about clinical rebound. These issues are discussed, and ways of preventing
tolerance development are explored. Intermittent therapy involving a dose-free interval during each
24-hour period helps prevent tolerance. (Arch Fam Med. 1993;2:880-885)

The efficacy of the nitrates in the treat¬
ment of acute anginal episodes is
unquestioned.13 Considerable evidence
suggests, however, that the long-term
use of these agents is associated with the
development of tolerance or of reduced
efficacy over time when administered in
doses or formulations that maintain
therapeutic blood levels for 24-hour
periods.4"8 Nitrate tolerance may be asso¬

ciated with a progressive decline in an-

tianginal efficacy.4"7 In this brief review,
the clinical significance of nitrate toler¬
ance will be discussed, the phenomenon
of clinical rebound will be examined,
and ways of preventing the development
of tolerance will be explored.

ISSUES IN NITRATE TOLERANCE

Considerable controversy has arisen in re¬

cent years over the clinical significance of
nitrate tolerance.3 This tolerance is often
observed during long-term administration
of nitrates.410 However, clinical studies as¬

sessing the effects of long-term nitrate ther-

apy on antianginal efficacy have yielded con¬

flicting results.4·7·8·11"18
How can the opposing findings best

be interpreted? It should be noted that test¬
ing the efficacy of long-term nitrate treat¬
ment is not a straightforward task. Toler¬
ance to many nitrate preparations has been
noted, with durations of action longer than
those of a sublingual or intravenous bolus
of nitroglycerin.19 Evidence suggests that
tolerance may develop rapidly—within 1
to 2 days10—and may be partly or com¬

pletely reversed by withholding treatment
for 12 hours or longer.2·5·13·14 Thus, the tim¬
ing of testing may be crucial to the assess¬

ment of the development of toler¬
ance.2·13·20

In addition, patient adherence to ther¬
apy, which is rarely evaluated, may be crit¬
ical, because failure to take even one dose
of medication may lead to the restoration
of nitrate responsiveness at the next test.1·8
Individual variability in response to ni¬
trates and to nitrate tolerance may also un¬

derlie some conflicting findings.8·13"16 It has
been pointed out that the detection of tol¬
erance may depend on the measurement
of efficacy within a few hours after admin¬
istration of the test dose and on compar-
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ison between measurements ob¬
tained after long-term therapy and
after the first dose.19

Recent studies have suggested that
intervals between doses during long-
term nitrate therapymay be key to the
development or prevention of toler¬
ance. In general, frequent4"6·13·14·21 or

continuous treatment7·14·22 is accom¬

panied by the development of toler¬
ance, while an extended dose-free
interval5·23"27 results in better antiangi-
nal efficacy during long-term therapy.
Differences between various nitrate
preparations and factors affecting the
development of tolerance are discussed
more extensively below.

NITRATE TOLERANCE:
MECHANISMS

Before discussing the clinical effects
of nitrate tolerance, it is useful to re¬

view briefly the mechanisms by which
tolerance develops. These mecha¬
nisms are not completely under¬
stood but are thought to be related
to the actions of these agents on sulf-
hydryl groups in vascular muscle
cells28 and, possibly, to the activa¬
tion of certain counterregulatory
mechanisms.29"32

At the cellular level, the organic
nitrates are prodrugs that enter vas¬
cular smooth muscle cells and become
activated at the plasma membrane, a
process that involves the production
ofnitric oxide from the prodrag.33 Ni¬
tric oxide formation requires reduced
sulfhydryl groups in the form of cys-
teine or glutathione. Nitrate metab¬
olism also produces S-nitrosothiols
which, alongwith nitric oxide, initiate
smooth-muscle relaxation through a

metabolic pathway that decreases the
levels of free intracellular calcium.3

Nitrate tolerance may be related
to a decrease in availability of the re¬

duced sulfhydryl groups required for
the formation of nitric oxide and
S-nitrosothiols.28"31 The partial rever¬
sal ofnitrate tolerance in patientswith
heart failure30 and complete reversal
of venous tolerance in patients with
ischemie heart disease34 obtained by
providing patients with sulfhydryl

groups via N-acetylcysteine30·34 lend
support to this hypothesis.

It should be noted that when
blood vessels become tolerant to ni¬
trates, vascular metabolic activity of
these agents decreases.35 It is possi¬
ble that nitrate uptake by veins and
arteries in the tolerant state is di¬
minished as a result of interactions
with nitrate metabolites.20

Counterregulatory activity, such
as activation of the renin-angiotensin-
aldosterone system,31·32 may also play
a role in the development of nitrate
tolerance. Such mechanisms may in¬
crease plasma volume and vasocon¬

striction, thus offsetting the vasodila-
tory effects of nitrate therapy.

THE CLINICAL
CONSEQUENCES OF NITRATE

TOLERANCE

In clinical practice, nitrate tolerance
often goes undetected butmay be sus¬

pected when patients report an in¬
creased frequency ofanginal episodes,
angina produced at shorter walking
distance, or increased use of sublin¬
gual nitroglycerin. Such symptomsmay
be attributed to disease progression
rather than nitrate tolerance. The phe¬
nomenon ofnitrate tolerance has been
well documented, however, in clin¬
ical studies in which more objective
measures ofantianginal efficacywere
made during the course of long-term
therapy. These studies have been well
reviewed elsewhere,2·813·14·20 and a few
representative studies are described
here.

Antianginal Effects

Studies measuring the antianginal ef¬
fects of long-term treatment with ni¬
trates on exercise performance have
noted certain changes in efficacy over
time.4 Reduced efficacy of nitrates,
as seen in the development of an¬

gina at shorterwalking times, has been
observed in some studies using trans-
dermal nitroglycerine patches,7·23 oral
isosorbide dinitrate,4'6 and oral iso-
sorbide mononitrate.36

For example, in a study compar-

ing differences in exercise time to the
onset of angina and to termination of
exercise due to moderately severe an¬

gina caused by single oral doses of 15,
30,60, and 120 mg of isosorbide dini-
trate and the same doses given four
times a day for 1 week, the first doses
increased exercise times for up to 8
hours.4 After 1 week of four-times-a-
day therapy, the time to anginal pain
and total exercise duration increased
only at hours 1 and 2 and not at post-
dose hours 4 and 8 for any given dose.
This change in antianginal efficacy of
the nitrate was attributed to the de¬
velopment ofpartial tolerance.4 These
findings were confirmed in another
study in which 30 mg of isosorbide
dinitrate, given four times daily, in¬
creased exercise time to angina foronly
1 hour compared with the first dose,
whose effects persisted for up to 5
hours.5 Similarly, continuous therapy
with varying sizes (10 to 105 cm2) of
transdermal patches releasing 5 to 52.5
mg of nitroglycerin every 24 hours,
and thus delivering small, moderate,
and large quantities of nitroglycerin
per 24-hour period, led to a decrease
in antianginal efficacy, as measured
by duration of treadmill exercise un¬

til onset ofanginal pain, after 8 weeks
of treatment.7

Circulatory Effects

The development of tolerance to ni¬
trates during long-term therapy has
also been assessed by measuring
changes in the circulatory effects of
these agents over time. Nitrates, which
are vasodilatory agents, may lower
blood pressure; however, this effect
is not usually of clinical signifi¬
cance. During long-term nitrate ther¬
apy, blood pressure tends to return
to pretreatment values more quick¬
ly.4"10 For example, oral administra¬
tion of isosorbide dinitrate in a non-

sustained-release form was reported
to cause a dose-related drop in blood
pressure after a single dose, but this
effect was greatly diminished when
administered four times a day for 1
week.4 Similar results were obtained
in a second study after 2 weeks' treat-
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mentwith a sustained-release formu¬
lation of isosorbide dinitrate given four
times daily.36 Corresponding results
have been obtained for isosorbide
mononitrate administered in sustained-
release form in a daily dose of60 mg.37

Cross-tolerance to the circula¬
tory effects of long-term nitrate ther¬
apy has been described.910 In two
studies involving a challenge dose of
sublingual nitroglycerin following
long-term nitrate therapy with iso¬
sorbide dinitrate910 or pentaerythri-
tol tetranitrate,9 systolic blood pres¬
sure reduction after nitroglycerin ther¬
apy was markedly attenuated
compared with the initial effects of
sublingual nitroglycerin before long-
term therapy with isosorbide dini¬
trate or pentaerythritol tetranitrate.

FACTORS INFLUENCING THE
DEVELOPMENT OF

TOLERANCE

Tolerance, as measured by a de¬
crease in the antianginal effects of long-
term nitrate treatment, is not a uni¬
versal finding.8·112° An analysis of the
factors influencing the development
of tolerance is therefore useful.

Formulation

Manynitrate formulations are employed
in long-term nitrate therapy (Table).
Tolerance has been observedwithmany
of these formulations (nitroglycerin
patches, ointments, intravenous nitro¬
glycerin) that produce constant blood
levels.7·22·38"42 Frequent administration
oforal nitrates, which do not provide
daily low-nitrate periods (orblood lev¬
els) at night, also produce tolerance
as therapeutic levels are maintained
throughout the 24-hour period.4·5·43
Only short-acting nitrate preparations
such as sublingual nitroglycerin,which
are used infrequently, do not produce
tolerance (Table).

Dosage
Tolerance can develop with the use

ofnitrate treatment regimens that pro¬
duce continuous therapeutic levels,

*Based on data from Thadani.'4

within 24 hours ofan initial single ap¬
plication of a nitroglycerin transder¬
mal patch42 or isosorbide dinitrate
cream,22 as well as within 12 hours
of a single dose of a slow-release,
120-mg isosorbide dinitrate formu¬
lation.40 Long-term therapywith iso¬
sorbide dinitrate, given four times daily,
also produces tolerance, as measured
by diminished antianginal efficacy.4"6

In recent years, some studies of
long-term nitrate therapy have dem¬
onstrated that tolerance can be pre¬
vented or diminished by adjusting the
dosage to include a low-nitrate pe¬
riod. In one study,5 30 mg of iso¬
sorbide dinitrate given four times a

day (at 7 AM, noon, 5 PM, and 11
Pivi) was associated with diminished
antianginal efficacy. The same dose
given two (at 7 AM and noon) or three
(at 7 AM, noon, and 5 PM) times a

day was significantly more effective
than placebo in increasing exercise
time 1, 3, and 5 hours after drug ad¬
ministration for a week. However, the
antianginal effect was not as great as

that observed after the initial single
dose at hours 3 and 5 (Figure I).

Bassan43 recently reported that
30 mg of isosorbide dinitrate given
three times a day at 8 am, 1 pm, and
6 PM significantly increased exercise
time to angina at hours 1 and 2 after
the 8-AM dose and at hours 1 and 2
after the 1-pm dose, and had little ef¬
fect after the 6-pm dose. Thus, pa¬
tients receiving this regimen had, at
best, 6 hours of antianginal protec¬
tion during each 24-hour cycle.

Similarly, intermittent treat¬
ment with nitroglycerin transder¬
mal patches (with and without the
patch for 12 hours each day) seemed
to avoid or diminish the potential for
a decrease in antianginal effica¬
cy.23·24 DeMots and Classer,24 for ex¬
ample, compared the antianginal ef¬
ficacy of two nitroglycerin transdermal
patches (10 to 20 cm2 releasing 5 to
10 mg and 30 to 40 cm2 releasing
15 to 20 mg every 24 hours) with
that of placebo; duration of tread¬
mill walking to anginal pain during
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Figure 1. Mean change from baseline in walking time to development of angina after the first dose
and 1 week of long-term therapy. Reduced efficacy is seen at later time points with all dosages (data
from Parker et al3). Shaded bars represent the first dose of isosorbide dinitrate; hatched bars,
twice-a-day dosage; open bars, three times a day; and closed bars, four times a day.

treadmill testing was the end point.
Treadmill walking time increased
more after the first application of low-
and medium-dose nitroglycerin patch
than after placebo treatment. How¬
ever, after 4 weeks of daily patch ap¬
plication, the improvement in exer¬

cise tolerance was lost during low-
dose patch therapy and was

discernible for only 8 hours during
medium-dose patch therapy.24 There¬
fore, it appears that individual dose
titration may be required when us¬

ing the patch intermittently.
The results of a study with iso¬

sorbidemononitrate suggested that the
development of tolerance, asmeasured
by a decrease in its antianginal effects,
may be avoided if the agent is given
on arising and 7 hours later (with a

17-hour dose-free interval) duringeach
24-hour period.25 In this placebo-
controlled, parallel, double-blind study,
20 mg of isosorbidemononitrate (giv¬
en at 8 AM and 3 PM) and a slow-release
formulation of40mgof isosorbide dini¬
trate (given at 8 AM, 3 PM, and 10 pm,
in accordancewith the approved treat¬
ment regimen) were both compared
with placebo; 129 patients were in¬
cluded in the data analysis (43 each

in the placebo, isosorbidemononitrate,
and slow-release isosorbide dinitrate
groups). Efficacy wasmeasured by as¬

sessing mean time to anginal pain on

treadmill testing on day 14 of active
treatment. Changes in mean time to

anginal pain from those obtained dur¬
ing the pretherapy stress exercise test
were used as the end point. Each ac¬

tive treatmentwas comparedwith pla¬
cebo treatment at hours 0,1,4, and 7.

The mean time to the onset of
anginal painwas significantly increased
in the isosorbide mononitrate-treated
group compared with the placebo-
treated group at hours 1 and 4 (P< .025)
and was increased at hour 7; however,
the increase was not statistically sig¬
nificant. For the slow-release isosor¬
bide dinitrate group, changeswere sta¬

tistically insignificant. The diminution
ofefficacy aftermultiple doses ofslow-
release isosorbide dinitrate is consis¬
tent with the development of toler¬
ance (Figure 2).25

CLINICAL REBOUND

Intermittent nitrate therapymay pre¬
dispose to anginal symptoms during
the nitrate-free interval,24·44·45 and this

has been referred to as "clinical re¬
bound," possibly due to counterreg-
ulatory mechanisms. This phenom¬
enon was observed by DeMots and
Glasser24 who evaluated 206 pa¬
tients for the effectiveness of inter¬
mittent transdermal nitroglycerin treat¬
ment for chronic stable angina. Nine
patients, all of whom received the ac¬

tive medication, experienced an in¬
crease in nocturnal angina during the
periods without the patch. There was

no relation between the increase in
nocturnal angina and the dose of
transdermal nitroglycerin received. In
addition, there was a paradoxical re¬
duction in exercise duration in the
active treatment group compared with
the placebo-treated group just be¬
fore the patch renewal during long-
term therapy. The authors referred
to this as the "hour-zero" effect and
postulated it to be a manifestation of
clinical rebound during intermittent
patch therapy.24

No significant difference has been
observed in the number of anginal
episodes or the frequency of sublin¬
gual nitrate use between patients re¬

ceiving placebo and isosorbide mono-
nitrate.25

IDEAL LONG-TERM
NITRATE REGIMEN

The ideal treatment regimen in the
long-term use of nitrates in patients
with stable angina is one that will not
produce tolerance and clinical re¬

bound, will improve exercise toler¬
ance, and will reduce angina fre¬
quency during the active hours.

Available evidence suggests that
continuous or frequently repeated ad¬
ministration of nitrates will rapidly
produce tolerance, as measured by
the antianginal effects of these med¬
ications.19·46 The relationship be¬
tween total daily dose and tolerance
is less certain, but the results of dose-
ranging studies suggest that higher
daily doses do not necessarily im¬
prove clinical efficacy, and are more

likely to produce tolerance with de¬
velopment of cross-tolerance to sub-
lingual nitroglycerin.10·7·39·47 Thus, a
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prudent approach would be to se¬

lect the lowest total dose that results
in reliable clinical efficacy.19

The results of studies that have
used intermittent treatment regi¬
mens imply that a daily dose-free pe¬
riod during long-term nitrate ther¬
apy may avoid the development of
tolerance.5·23"25·27·46·48 However, many
suggested regimens have not been ex¬

tensively studied in large-scale, well-
controlled, clinical trials.46

One placebo-controlled, double-
blind, crossover study with isosor¬
bide dinitrate suggests, for example,
that dose-free periods of 14 or 17
hours may improve the antianginal
efficacy of isosorbide dinitrate dur¬
ing long-term therapy.3 However, this
trial, which enrolled only 12 pa¬
tients, had an active treatment phase
of 1 week and measured efficacy for
only 5 hours after administration of
the test dose. Efficacy was some¬

what attenuated at the 5-hour test dur¬
ing long-term use for the two- and
three-times-daily regimens com¬

pared with the acute testing phase
(Figure 1). In other studies with iso¬
sorbide dinitrate, a dose-free period
of 10 hours during four-times-a-day
therapy4 and of 14 hours during three-
times-a-day therapy at 8 AM, 1 PM,
and 6 PM failed to prevent develop¬
ment of tolerance.43

A treatment regimen of 12
hours each with and without the
nitroglycerin transdermal patch
may also decrease the likelihood of
the development of tolerance23·24
but may predispose to a clinical
rebound with nocturnal angina
during the period without the
patch in some patients.24

A multicenter, placebo-
controlled, double-blind random¬
ized trial with isosorbide mononi¬
trate has demonstrated that a

twice-daily regimen, given on

awakening and 7 hours later, pre¬
vents the development of tolerance
and provides continued efficacy af¬
ter each dose for a total of 12
hours after 14 days of therapy.48
No evidence of clinical rebound
was seen with this regimen.25·48
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Figure 2. Mean change from baseline (7 minutes 3 seconds) in walking time to development of
anginal pain during treadmill testing after treatment with isosorbide mononitrate (closed bars; n=43),
slow-release isosorbide dinitrate (hatched bars; n=45), or placebo (open bars; n=43) (data from
Friedman and the ISMN Study Group*5). Asterisk indicates P<.025; plus sign, differences not
significant.

SULFHYDRYL DONORS OR
ANGIOTENSIN-CONVERTING
ENZYME INHIBITORS FOR
PREVENTING NITRATE

TOLERANCE

Although partial reversal of toler¬
ance to hemodynamic effects and
complete reversal of venous toler¬
ance30·34 with N-acetylcysteine and
angiotensin-converting enzyme in¬
hibitors have been reported, a re¬

cent review46 of all published data
did not confirm usefulness of these
agents in preventing nitrate toler¬
ance in patients with congestive heart
failure31 or angina pectoris.49

CONCLUSION

The organic nitrates have been
used for decades in the treatment
of angina pectoris. The desire to
treat this condition prophylacti-
cally has led to the long-term use

of nitrates, which has become dif¬
ficult by the potential for the de¬
velopment of nitrate tolerance. The
use of intermittent treatment regi¬
mens involving a dose-free interval
during each 24-hour period has
been advocated as a means of cir-

cumventing the development of
tolerance.

At present, the routine use ofsulf¬
hydryl donorsorangiotensin-converting
enzyme inhibitors for the prevention
ofnitrate tolerance cannot be supported
by available data. The potential ofpos¬
sible adverse effects of concomitant
therapy with these agents must also
be considered.

To prevent tolerance, the
proper dosage should be used. In¬
termittent therapy with nitroglyc¬
erin patches may prevent toler¬
ance, but individual dose titration
is warranted. Among oral nitrates,
at present, only isosorbide mono-

nitrate, in an approved dosage, has
been demonstrated to prevent the
development of tolerance. Further
study will be necessary to identify
appropriate dosages for other com¬
monly used long-acting nitrate for¬
mulations.

Acceptedfor publication April 14,1993.
Reprint requests to Cardiovascu¬

lar Section, the University of Okla¬
homa Health Sciences Center, South Pa¬
vilion, Room 5SP300, Oklahoma City,
OK 73104 (Dr Thadani).

 at STANFORD Univ Med Center, on November 5, 2009 www.archfammed.comDownloaded from 

http://www.archfammed.com


REFERENCES

1. Thadani U. Current status of nitrates in angina
pectoris. Med Concept Cardiovasc Dis. 1987;56:
49-54.

2. Thadani U, Whitsett T, Hamilton SF. Nitrate ther-
apy for myocardial ischemia syndrome: current
perspectives including tolerance. Curr Probl Car-
diol. 1988;13:731-784.

3. Abrams A. Newer concepts on using nitrates in
angina pectoris. Contemp Int Med. 1991;3:92\x=req-\
103.

4. Thadani U, Fung HL, Darke AC, Parker JO. Oral
isosorbide dinitrate in angina pectoris: compar-
ison of duration of action and dose-response re-
lation during acute and sustained therapy. Am J
Cardiol. 1982;49:411-419.

5. Parker JO, Farrell B, Lahey KA, Moe G. Effect of
intervals between doses on the development of
tolerance to isosorbide dinitrate. N Engl J Med.
1987;316:1440-1444.

6. Parker JO, VanKoughnett K, Farrell B. Compar-
ison of buccal nitroglycerin and oral isosorbide
dinitrate for nitrate tolerance in stable angina pec-
toris. Am J Cardiol. 1985;56:724-728.

7. Steering Committee, Transdermal Cooperative
Study. Acute and chronic antianginal efficacy of
continuous twenty-four-hour application of trans-
dermal nitroglycerin. Am J Cardiol. 1991;68:
1263-1279.

8. Silber S. Clinical relevance of nitrate tolerance.
In: Cohn JN, Rittinghausen R, eds. Mononi-
trates. New York, NY: Springer Verlag NY Inc;
1985:130-145.

9. Schelling JL, Lasagna L. A study of cross-
tolerance to circulatory effects of organic ni-
trates. Clin Pharmacol Ther. 1967;3:256-260.

10. Thadani U, Manyari D, Parker JV, Fung HL. Tol-
erance to the circulatory effects of oral isosor-
bide dinitrate: rate of development and cross-
tolerance to glyceryl trinitrate. Circulation. 1980;
61:526-535.

11. Danahy DT, Aronow WS. Hemodynamics and an-

tianginal effects of high dose oral isosorbide dini-
trate after chronic use. Circulation. 1977;56:205\x=req-\
212.

12. Lee G, Mason DT, Amsterdam EA, Miller RA, De-
Maria AN. Antianginal efficacy of oral therapy with
isosorbide dinitrate capsules: prolonged bene-
fits shown by exercise testing in patients with
ischemic heart disease. Chest. 1978;73:327\x=req-\
332.

13. Elkayam U. Tolerance to organic nitrates: evi-
dence, mechanisms, clinical relevance, and strat-
egies for prevention. Ann Intern Med. 1991;114:
667-677.

14. Thadani U. Role of nitrates in angina pectoris.
Am J Cardiol. 1992;70:43-53.

15. Scardi S, Camerini F, Pandullo G, Pollavini G,
the Collaborative Nitro Group. Efficacy of con-
tinuous and intermittent transdermal treatment
with nitroglycerin in effort angina pectoris: a mul-
ticenter study. Int J Cardiol. 1991;32:241-248.

16. Colditz GA, Halvorsen KT, Goldhaeber SZ. Ran-
domized clinical trials of transdermal nitroglyc-
erin systems for the treatment of angina: a meta
analysis. Am Heart J. 1988;116:174-180.

17. Klemsdal TO, Gjesdal K. The effect of transder-
mal nitroglycerin on exercise tolerance in rela-

tion to patch application time: a meta analysis.
Cardiovasc Drugs Ther. 1992;6:641-649.

18. James MA, Papouchado M, Jones V. Attenua-
tion of nitrate effect during an intermittent treat-
ment regimen and the time course of nitrate tol-
erance. Eur Heart J. 1991;12:1266-1272.

19. Thadani U. Factors influencing tolerance in nitrate
therapy: a review. In: Julian DG, Rittinghausen R,
Uberbacher HJ, eds. Mononitrates II. New York,
NY: Springer Verlag NY Inc; 1987:82-98.

20. Abrams J. Nitrate tolerance in angina pectoris.
In: Cohn JN, Rittinghausen R, eds. Mononi-
trates. New York, NY: Springer Verlag NY Inc;
1985:154-170.

21. Ohlmeier H, Mertens HM, Mannebach H, Gleich-
mann U. Tolerance and rebound phenomena in
nitrate therapy. In: Cohn JN, Rittinghausen R,
eds. Mononitrates. New York, NY: Springer Ver-
lag NY Inc; 1985:107-123.

22. Parker JO, Van Koughnett KA, Fung HL. Trans-
dermal isosorbide dinitrate in angina pectoris:
effect of acute and sustained therapy. Am J Car-
diol. 1984;54:8-13.

23. Fox KM, Dargie HJ, Deanfield J, Maseri A, the
Transdermal Nitrate Investigators. Avoidance of
tolerance and lack of rebound with intermittent
dose titrated transdermal glyceryl trinitrate. Br
Heart J. 1991;66:151-155.

24. DeMots H, Glasser SP. Intermittent transdermal
nitroglycerin therapy in the treatment of chronic
stable angina. J Am Coll Cardiol. 1989;13:786\x=req-\
793.

25. Friedman RG, the lsorbide Mononitrate Study
Group. Comparative clinical trial of isosorbide
mononitrate and isosorbide dinitrate in patients
with stable angina. J Invas Cardiol. 1992;4:319x=req-\
329.

26. Thadani U, Friedman R, Jones JP, Heberton RK,
Pierson WC. Nitrate tolerance: eccentric versus
concentric twice daily therapy with isosorbide-
5-mononitrate in angina pectoris. Circulation. 1989;
(suppl ll):216. Abstract.

27. Thadani U, Bittar N. Effects of 8:00 am and 2 pm
doses of isosorbide-5-mononitrate during twice
daily therapy in stable angina pectoris. Am J Car-
diol. 1992;70:286-292.

28. Needleman P, Johnson EM. Mechanism of tol-
erance development to organic nitrates. J Phar-
macol Exp Ther. 1973;184:709-715.

29. Armstrong PW, Moffat JA. Tolerance to organic
nitrates. Am J Med. 1983;74(suppl):73-84.

30. Packer M, Lee WH, Kessler PD, Gottlieb SS, Me-
dina N, Yushak M. Prevention and reversal of
nitrate tolerance in patients with congestive heart
failure. N Engl J Med. 1987;317:799-804.

31. Dupuis J, Lalonde G, Lemieux R, Rouleau JL.
Tolerance to intravenous nitroglycerin in pa-
tients with congestive heart failure: role of in-
creased intravascular volume, neurohumoral
activation and lack of prevention with N-acetyl-
cysteine. J Am Coll Cardiol. 1990;16:923\x=req-\
931.

32. Lis Y, Bennett D, Lambert G, Robson D. A pre-
liminary double-blind study of intravenous ni-
troglycerin in acute myocardial infarction. Inten-
sive Care Med. 1984;10:179-184.

33. Chung SJ, Fung HL. Relationship between ni-
troglycerin induced vascular relaxation and ni-
tric oxide production: problems with inhibitors
and tolerance development. Biochem Pharma-

col. 1993;45:157-163.
34. Ghio S, de Servi S, Perotti S, Eleuteri E, Mon-

temartini C, Specchia G. Different susceptibility
to the development of nitroglycerin tolerance in
the arterial and venous circulation in humans:
effects of N-acetylcysteine administration. Cir-
culation. 1992;86:798-802.

35. Fung H-L, Sutton SC, Kamiya A. Vascular phar-
macokinetics of nitrates. In: Cohn JN, Ritting-
hausen R, eds. Mononitrates. New York, NY:
Springer Verlag NY Inc; 1985:67-72.

36. Jansen W, Osterpey A, Tachert M, et al. 5-lso-
sorbidmononitrat unter Ruhe- und Belastungs-
bedingungen bei koronarer Herzkrankheit. Dtsch
Med Wochenschr. 1982;107:1499.

37. Seabra-Gomes R, Alelxo AM, Adao M, et al. Com-
parison of the effects of a controlled-release for-
mulation of isosorbide-5-mononitrate and con-
ventional isosorbide dinitrate on exercise
performance in men with stable angina pectoris.
Am J Cardiol. 1990;65:1308-1312.

38. Reichek N, Priest C, Zimrin D, Chancler T, St.
John Sutton M. Antianginal effects of nitroglyc-
erin patches. Am J Cardiol. 1984;54:1-7.

39. Zimrin D, Reichek N, Bogin KT, et al. Antianginal
effects of intravenous nitroglycerin over 24 hours.
Circulation. 1988;77:1376-1384.

40. Silber S, Vogler AC, Spiegelsberger F, Thelson K.
Once daily 120 mg isosorbide dinitrate in slow re-
lease form: placebo controlled evaluation of its
duration of action. Circulation. 1986;74(suppl II):
136. Abstract.

41. Thadani U, Hamilton SF, Olson EG, et al. Dura-
tion of effects and tolerance of slow release iso-
sorbide-5-mononitrate for angina pectoris. Am
J Cardiol. 1987;59:756-762.

42. Thadani U, Hamilton SF, Olson E, et al. Trans-
dermal nitroglycerin patches in angina pectoris:
dose titration, duration of effects, and rapid tol-
erance. Ann Intern Med. 1986;105:485-492.

43. Bassan MM. The daylong pattern of the anti-
anginal effects of long-term three times daily ad-
ministered isosorbide dinitrate. J Am Coll Car-
diol. 1990;16:936-940.

44. Waters DD, Juneau M, Gossard, Choquette MD,
Brien M. Limited usefulness of intermittent ni-
troglycerin patches in stable angina. J Am Coll
Cardiol. 1989;13:421-425.

45. Ferrantini M, Pirelli S, Merlini P, Silva P, Pol-
lavini G. Intermittent transdermal nitroglycerin
monotherapy in stable exercise induced angina:
a comparison with a continuous schedule. Eur
Heart J. 1989;10:998-1002.

46. Thadani U. Nitrate tolerance: how to prevent it
or minimize its effect? Postgrad Med. 1992;91:
307-318.

47. Jones JP, the lsosorbide-5-Mononitrate Study
Cooperative. Dose response of isosorbide-5-
mononitrate in patients with angina pectoris. In:
Julian DG, Rittinghausen R, Uberbacher HJ, eds.
Mononitrates II. New York, NY: Springer Verlag
NY Inc; 1987:61-68.

48. Thadani U, the IS-5-MN Study Group. lsosorbide-
5-mononitrate (IS-5-MN) in angina pectoris: ef-
ficacy of am and pm doses, lack of tolerance
and zero hour effect during eccentric BID ther-
apy. Circulation. 1991;84:730. Abstract.

49. Parker JO, Farrell LLB, Lahey KA, Rose BP. Ni-
trate tolerance: the lack of effect of N-acetylcys-
teine. Circulation. 1987;76:572-576.

 at STANFORD Univ Med Center, on November 5, 2009 www.archfammed.comDownloaded from 

http://www.archfammed.com

