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Abstract  :  Severa l  l a rge  sca le  c l in ica l  t r i a l s  have  demons t ra ted  tha t
angiotens in  conver t ing  enzyme inhib i tors  of fer  card iovascular  and renal
protection independent of their effects on systolic BP. Trandolapril is a new
angio tens in  conver t ing  enzyme inh ib i to r  approved  fo r  the  t r ea tment  o f
hypertension.  The potent ial  advantages of  this  drug are long durat ion of
action and better tolerability. The objective of the study was to compare the
efficacy and tolerabil i ty of  t randolapri l  with that  of  enalapri l  in mild to
modera te  hyper t ens ion  in  Ind ian  popu la t ion .  In  th i s  doub le  b l ind ,
multicentric, parallel comparative clinical study, 120 patients with mild to
moderate  hyper tension were  randomly ass igned to  receive  t randolapr i l  2
mg or  enalapri l  5  mg once dai ly for  8 weeks.  The at tainment  of  s i t t ing
diastolic blood pressure <90 mmHg at the end of 8th week was considered
as  pr imary  outcome measure  and a t ta inment  of  d ias to l ic  b lood pressure
<90  mmHg or  reduc t ion  o f  a t  l eas t  10  mmHg d ias to l i c  b lood  pressure
compared to  basel ine  a t  any vis i t  was  considered as  secondary outcome
measures. 98.4% patients treated with trandolapril and 92.6% patients treated
wi th  ena lapr i l  fu l f i l l ed  the  p r imary  ou tcome measure .  54 ,  72  and  62%
patients on trandolapril  and 52,  61 & 64% patients on enalapri l  fulfi l led
secondary  ou tcome  measure  a t  the  end  o f  2nd ,  4 th  and  8 th  week
respectively.  Also trandolapril  was better tolerated than enalapril  with no
signif icant  abnormali ty in lab parameters .
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INTRODUCTION

The a im of  an t ihyper tens ive  therapy i s
to  p revent  morb id i ty  and  mor ta l i ty
assoc ia ted  wi th  pers i s ten t ly  ra i sed  BP by
lower ing  i t  to  an  accep tab le  l eve l ,  wi th
minimum inconvenience  to  the  pat ient .  Up
to one half of hypertensive patients will fail
to  ach ieve  appropr ia te  BP goa ls  wi th
monotherapy ,  regard less  o f  the  c lass  o f
an t ihyper tens ive  agen t  used  (1) .  The
mult iple  drug therapy adversely affects  the
compliance,  which has a  s ignif icant  impact
on the treatment success in terms of quality
of  l i fe  (2 ) .  Recen t  da ta  sugges t  tha t  long
term compliance is improved when the initial
an t ihyper tens ive  agen t  p resc r ibed  i s  bo th
efficacious and well tolerated (3) Inhibition
of  ren in  ang io tens in  a ldos te rone  sys tem
(RAAS) by  angio tens in  conver t ing  enzyme
inhibitors (ACEI) has been proved to provide
subs tan t ia l  ca rd iovascu la r  and  rena l
pro tec t ion ,  independent  o f  the i r  e f fec t s
on  sys to l ic  BP (SBP)  (4 ,  5 ) .  ACEI  a lone
normal ize  b lood pressure  in  approximate ly
50% of  pa t ien t s  wi th  mi ld  to  modera te
hypertension and many consider ACEI as the
f i r s t  l ine  d rugs  fo r  the  t rea tment  o f  h igh
blood pressure  except  for  e lder ly  Afr ican-
Amer ican  pa t ien t s  (6 ) .  Trandolapr i l  i s  a
prodrug  tha t  i s  hydro lyzed  to  the  ac t ive
diacid, trandolaprilat, after oral administration.
The  d i s t ingu ish ing  charac te r i s t i cs  o f
trandolapri l  are i ts  high binding affinity to
ACE, high lipophilicity and long elimination
half-life of 16-24 hours (7).

Trandolapr i l  has  comparab le
antihypertensive eff icacy to enalapri l  given
once daily in two studies with almost equal
response rate (65% with trandolapril and 67%
with enalapril) in a large Japanese study (8),

47% and 40% respectively in a smaller study
us ing  24  hour  ambula tory  BP (AMBP)
monitoring (9). The objective of the present
s tudy  i s  to  compare  the  e f f icacy  and
to le rab i l i ty  o f  t randolapr i l  2  mg wi th
ena lapr i l  5  mg a t  2 ,  4  & 8  weeks  of
treatment in patients with mild to moderate
hyper tens ion  among Ind ian  popula t ion .
Although trandolapri l  has been approved in
o ther  count r ies ,  th i s  mul t icen t r ic  t r ia l  has
been has been under taken as it is recquired
by  the  d rug  regu la tory  au thor i t i es  to
establish its effect in Indian population before
be ing  marke ted .

Pat ients  and  methodology

The  presen t  s tudy  i s  a  randomized ,
double  b l ind ,  mul t i cen t r ic ,  pa ra l le l
compara t ive  s tudy  conduc ted  in  th ree
centers in India over a period of 6 months.
The  s tudy  pro toco l  was  approved  by  the
ins t i tu t iona l  rev iew boards  o f  the
part icipat ing centers .  Pat ients  of  ei ther  sex
in the age group of 18–60 yrs with mild to
modera te  hyper tens ion  ( s i t t ing  d ias to l ic
be tween  90–110)  were  inc luded  in to  the
s tudy .  Pa t ien t s  who were  prev ious ly
receiving antihypertensive medications were
given 2 weeks of washout prior to the entry
into the s tudy.  A wri t ten informed consent
was  ob ta ined  pr io r  to  the  s tudy .  Pa t ien t s
were  exc luded  f rom the  s tudy  i f  they  had
secondary or malignant hypertension, sitt ing
diastolic blood pressure (DBP) >110 mm Hg
, significant cardiovascular, hepatic, renal or
neuro log ica l  d i sease ,  suspec ted  b i la te ra l
renal artery stenosis or those with a single
k idney  and  rena l  a r te ry  s tenos i s ,  poor ly
cont ro l led  d iabe tes  mel l i tus  wi th  a  HbAlc
≥9%,  known hypersens i t iv i ty  to  ACE
inhibitors, alcohol or drug abuse. Pregnancy,
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lac ta t ion  and  women of  ch i ld  bear ing
potential were also excluded unless adequate
cont racep t ion  was  used  and  in take  of  any
investigational drug within 30 days prior to
ent ry  in to  the  ac t ive  t rea tment  per iod .

One  hundred  twenty  pa t ien t s  who
fu l f i l l ed  the  above  c r i t e r ia  were  enro l led
in to  the  s tudy.  A de ta i led  medica l  h is tory
was  ob ta ined  and  base l ine  l abora tory
inves t iga t ions  were  ca r r ied  ou t .  Pa t ien t s
received the blinded study medication either
t randolapr i l  2  mg or  ena lapr i l  5  mg.  The
ef f icacy  and  to le rab i l i ty  parameters  were
evaluated at  the end of  2 ,  4  and 8 weeks.
Blood  pressures  were  recorded  a t  f ixed
t ime  before  the  morn ing  dose  of  the  t es t
d rug .  The  same person  us ing  the  same
sphygmomanometer at  the same time of the
day recorded three BP measurements at each
visi t  and the mean value of  three readings
were  ca lcu la ted  and  used  fo r  s ta t i s t i ca l
analysis. All adverse events reported by the
patient or observed by the investigator were
recorded throughout the study. The primary
eff icacy var iable  was at ta inment  of  normal
blood pressure i .e.  sitting DBP <90 mm Hg
at the end of 8th week. Secondary outcome
measures was attainment of DBP <90 mmHg
or  reduc t ion  of  a t  l eas t  10  mmHg DBP
compared to baseline at  any visi t .

Stat i s t i ca l  methods

A sample size of 120 patients was required
to achieve 80% power at a two tailed ∝  level
of 0.05. Baseline parameters were compared
by Chi-square and paired ‘t’ test. The primary
and secondary  endpoints  were  analysed by
using Chi square test .  The change in blood
pressure and heart rate as compared to base
l ine ,  a t  2 ,  4  and  8  weeks  were  ana lysed

individually by ANOVA and paired’t’ test in
each group and the dif ference between the
two groups  were  ana lyzed  by  us ing
parametric unpaired ‘t’  test .  Chi-square test
was employed to analyze the adverse events
and repeated  measures  ANOVA to  analyze
the  labora tory  parameters .  Graphpad
software was used to carry out the statistical
ana lys is .

RESULTS

One hundred  twenty  pa t ien t s  were
randomized  to  the  t rea tment  schedule ,  ou t
of which five patients were lost to follow up,
leav ing  beh ind  115  pa t ien t s  (61  in
trandolapril  and 54 in enalapril  group). The
two treatment groups were comparable with
respec t  to  demographic  and  base l ine
variables (Table I) suggesting that the study
sample was homogenous with respect to age,
sex,  basel ine BP and pulse rate .

The proportion of patients who satisfied
the  pr imary  ou tcome was  s imi la r  fo r  bo th
trandolapril and enalapril group (60 patients
i.e. 98.36% with trandolapril and 50 patients

TABLE I : Pa t i en t  demograph ics  and  base l ine
c h a r a c t e r i s t i c s .

T r a n d o l a p r i l E n a l a p r i l

Total no. of patients 61 54
M a l e 29 20

S e x
F e m a l e 32 34

Age (Mean±SD) years 51± 9 52± 10
Basal Systolic BP
(Mean±SD) mm Hg 154± 6.0 152± 10
Basal Diastolic BP
(Mean±SD) mm Hg 95± 6 95± 7
Basal Pulse Rate
(Mean±SD) rate/min 79± 8 76± 7

Statistical method : Chi-square test: not significant.
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i . e .  92 .6% wi th  ena lapr i l  wi thout  any
significant  difference between them. At the
end of 2nd, 4th and 8th week 54, 72 and 62%
of pat ients  on t randolapr i l  and 52,  61 and
64% of  pa t ien t s  on  ena lapr i l  fu l f i l l ed  the
secondary  ou tcome measure  i . e .  r educ t ion
of  DBP of  a t  leas t  10 mmHg compared to
basel ine at  the respect ive vis i ts .

Trea tment  wi th  t randolapr i l  showed a
signif icant  decrease in mean SBP and DBP
after 2,  4 & 8 weeks compared to baseline
and this decrease in BP was comparable to
the  enalapr i l  t reated group (Table  I I ) .  The
mean SBP reduced  f rom 154±16 mmHg
(baseline) to 137±15, 131±12 & 130±9 mmHg
and the mean DBP also reduced significantly
from 95±6 mmHg (basel ine)  to 86±9,  82±7
and 82±6 mmHg at  the  end of  2 ,  4  and 8
weeks respectively (P<0.001) (Table II) with
t randolapr i l .  The  absolu te  fa l l  in  d ias to l ic
BP was 9, 13 & 14 mmHg at the end of 2nd,
4th & 8th week respect ively.

Trea tment  wi th  ena lapr i l  a l so  ach ieved
signif icant  decrease in mean SBP and DBP
after 2, 4 and 8 weeks compared to baseline.
The mean SBP decreased significantly from
152±10 mm Hg (baseline) to 137±15, 134±17

TABLE II : Changes  in  b lood  p ressure  (mm Hg)  and  pu l se  ( ra te /min)  f rom
baseline to different t ime  intervals by trandolapril  and enalapril .

Systolic BP (SBP) Diastolic BP (DBP) Pulse rate

V i s i t s T r a n d o l a p r i l E n a l a p r i l T r a n d o l a p r i l E n a l a p r i l T r a n d o l a p r i l E n a l a p r i l

Basal 154± 16.0 152± 10 95± 6 95± 7 79± 8 76± 7
Week 2 137.0± 15* 137± 15† 86± 9* 86± 10† 76± 6 77± 7
Week 4 131± 12* 134± 17† 82± 7* 82± 7† 77± 6 74± 7
Week 8 130± 9* 133± 15† 82± 6* 82± 7† 77± 6 75± 6

Values are expressed as (Mean±SD).
*P<0.001, between baseline and 2nd, 4th and 8th week in trandolapril treated patients. ANOVA and paired ‘t’
test. df = 60.
†P<0.001, between baseline and 2nd, 4th and 8th week in enalapril treated patients. ANOVA and paired ‘t’
test. df = 53.

& 133±15 mmHg and  mean  DBP a l so
decreased  s ign i f ican t ly  f rom 95±7 mmHg
(baseline) to 86±10, 82±7 and 82±8 mmHg at
the  end  of  2 ,4  and  8  weeks  respec t ive ly
(P<0.001)  with enalapri l .  The absolute  fa l l
in diastolic BP was 9, 13 & 14 mmHg at the
end  of  2nd ,  4 th& 8 th  week  respec t ive ly
(Table  I I ) .  There  was  no  s ta t i s t i ca l ly
significant difference between the two groups
as far  as  SBP and DBP were concerned at
the end of 8th week.

Dur ing  8  weeks  t rea tment  wi th
trandolapril 2 mg once daily and enalapril 5
mg once daily, all patients tolerated the drug
wi thout  any  se r ious  s ide  e f fec t s .  Adverse
events  were  exper ienced  overa l l  by  20
patients (33%) in trandolapril  group and 25
pa t ien t s  (46%)  in  ena lapr i l  g roup .  The
common adverse  even ts  seen  in  bo th  the
groups were dry cough, dizziness, headachae
and abdominal discomfort.  The incidence of
dry  cough ,  d izz iness  headache ,  were
experienced in 4.9, 8.1 and 4.9% respectively
in pat ients  receiving t randolapri l  and 12.9,
9 .2  and  7 .4% respec t ive ly  in  pa t ien t s
rece iv ing  ena lapr i l  wi thout  any  s ta t i s t i ca l
s ign i f icance  be tween  them (Table  I I I ) .  In
addi t ion ,  the re  was  no  c l in ica l ly  re levan t
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change  in  mean  labora tory  da ta  inc lud ing
crea t in ine ,  u rea ,  b lood  g lucose  and  l ive r
enzymes and serum potassium levels during
t r e a t m e n t .

the re  i s  inc reased  preva lence  of  coronary
ar tery  d isease  in  India  (18)  and a lso  i t  i s
known to occur in younger age groups (19).
According to HOPE study, ramipril  reduced
the incidence of  s t roke in  pat ients  a t  h igh
risk,  despite a modest  reduction in systolic
BP of  3 .8  mmHg and  d ias to l ic  BP of  2 .8
mmHg (20). Trandolapril being a more potent
ACEI should afford greater protection against
both coronary and cerebrovascular accidents
on long term use.  Though there is  no such
long term study with this drug at this point
of  t ime ,  such  a  hypothes i s  would  mer i t
inves t iga t ion .

The  mos t  f requent ly  repor ted  adverse
events  in  bo th  g roups  were  headache ,  d ry
cough and dizziness,  which were commonly
repor ted  in  c l in ica l  t r ia l s  wi th  ACEI .  Dry
cough  be ing  one  of  the  common adverse
vents  wi th  the  ACEI ,  so  one  wi th  l ess
inc idence  of  the  above  adverse  even t
could be a better option. This will  increase
the  pa t ien t  compl iance .  There  was  no
change  ev idenced  in  hepa t ic ,  r ena l  and
hematologica l  parameters .  There  were  a lso
no electrocardiography changes seen in the
s tudy  popula t ion .  These  observa t ions  may
have important implications in terms of not
only minimizing potential adverse events but
a l so  maximiz ing  the  pa t ien t  compl iance .
As suggested  by Caro  e t  a l  (3)  the  in i t ia l
cho ice  o f  an t ihyper tens ive  agen t  i s  a  key
de te rminant  in  maximiz ing  long  te rm
adherence to  therapy.  So we conclude that
t randolapr i l  would  be  an  a l t e rna t ive  to
ena lapr i l  in  hyper tens ive  pa t ien t s  as  i t  i s
equal ly  e f f icac ious  as  ena lapr i l  and  be t te r
to le ra ted  than  ena lapr i l .  S ince  the  sample
s ize  was  smal l ,  we  could  no t  d raw the
s ign i f icance  as  fa r  as  to le rab i l i ty  was
concerned. Hence a well planned clinical trial
invo lv ing  wider  c ross  sec t ion  of  pa t ien t
population will  definitely answer this .

T A B L E I I I : Var ious  adverse  events  recorded in  two
g r o u p s .

Trandolapr i l Enalapri l
SI . Adverse event
N o . No. of No. of

patients (%) patients (%)

1. Abdominal 2(3.28) 3(5.55)
discomfort

2. N a u s e a 1(1.64) 1(1.85)
3. Vomiting 0(0) 1(1.85)
4. Headache 3(4.9) 4(7.41)
5 Dizziness 5(8.12) 5(9.26)
6. Hypotension 0 1(1.85)
7. Dry cough 5(8.12) 7(12.96)
8. Fa t igue 1(1.64) 2(3.7)

n=20(33) n=25(46)

Statistical method : Chi-square test: (not significant
between trandolapril and enalapril)

DISCUSSION

In the present study, we have compared
trandolapril 2 mg with enalapril 5 mg using
trough level  DBP for  the  pr imary ef f icacy
ana lys i s .  The  da ta  genera ted  f rom th i s
s tudy  c lea r ly  shows  tha t  t r andolapr i l  i s
equa l ly  e f f icac ious  as  ena lapr i l  a s  an
an t ihyper tens ive  a t  the  dose  l eve l  t es ted .
There  a re  repor t s  say ing  tha t  t r andolapr i l
has  a  comparable  ant ihyper tensive  eff icacy
to enalapri l  when given once dai ly  (9 ,  10,
11). Vaur et al reported that trandolapril (2
mg/day)  was  ab le  to  sus ta in  a  g rea te r  BP
reduc t ion  than  per indopr i l  4  mg/day  (12) .
Ear ly  compara t ive  t r i a l s  have  a l so  shown
that trandolapril  had antihypertensive effect
s imi la r  to  l i s inopr i l  (13) ,  ca lc ium channel
blocker  amlodipine (14) ,  n i t rendipine  (15) ,
atenolol, hydrochlorthiazide & nifedipine (16,
17).  There is also evidence to indicate that
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