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Effects of Combination of AT,-Antagonist
Candesartan Cilexetil and ACE-Inhibitors
in Patients with Congestive Heart Failure
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SUMMARY

Introduction Combination of ACE-inhibitors with angiotensin-Il type 1 receptor antagonists could pro-
vide better blockade of RAAS system compared with monotherapy.

Objective The aim of this study was to evaluate hemodynamic and neurohumoral effects at rest and
during exercise of Candesartan cilexetil as add-on therapy to ACE-inhibitors in patients with heart failure
NYHA class Il to IV.

Methods This was a prospective, randomized, double-blind, placebo-controlled, parallel group study.
Thirty-five patients received either Candesartan 8 mg/16 mg (1%t and 2" week/ of 3-24) or placebo as
add-on therapy to their previous ACE-inhibitor during a 24-weeks treatment period.

Results Peak aerobic capacity remained constant in the Candesartan group of patients (0.06+1.43 mL/min/
kg) and slightly decreased in the placebo group (-1.10£1.51 mL/min/kg), without a statistically significant
difference between the groups (p=0.13). Exercise time showed a relevant increase in the Candesartan
(31.9£58.5 sec) and a significant decrease in the placebo group (-25.9+85.9 sec) compared to baseline
value. The difference between the studied groups was statistically significant (p<0.001). Relevant differ-
ences between the two groups were observed in the changes of right atrial pressure at rest (Candesartan:
-1.9+1.7 mmHg, placebo: 1.0£2.7 mmHg, p<0.01), pulmonary capillary wedge pressure at rest (Cande-
sartan: -3.1+3.8 mmHg, placebo: 0.2+4.6 mmHg, p<0.05) and systemic vascular resistance at maximum
exercise (Candesartan: -141.9+253.3 dyne*sec/cm?, placebo: 47.3+221.0 dyne*sec/cm?®, p<0.05).
Conclusion The efficacy of CHF treatment of congestive heart failure was moderately improved by Can-
desartan as add-on therapy to ACE-inhibitors.
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INTRODUCTION

Activation of the renin-angiotensin-aldoster-
one-system (RAAS) is a critically important
determinant in the pathophysiological proc-
esses that lead to the progression of heart fail-
ure and sudden death. Angiotensin-II, acting
at the AT, receptor, leads to vasoconstriction,
norepinephrine release, aldosterone secretion,
vascular hypertrophy and remodeling and also
stimulates the synthesis and the release of the
extremely potent vasoconstrictor peptide en-
dothelin-1 from endothelial cells [1, 2].

ACE-inhibitors have been demonstrated
to increase survival in congestive heart fail-
ure (CHF), primarily by reducing the rate of
progression of left ventricular dilatation and
decompensation. However, ACE-inhibitors do
not block the formation of A-II completely. Va-
soconstriction is with blocking AT, -receptors
more decreased. At the same time, through
binding A-II for AT,-receptors an additional
vasodilatory effect has been observed. Thus,
the combination of ACE-inhibitors and A-II
antagonists offers the theoretical advantage of
increasing bradykinin through blocking the
actions of A-II and may result in a synergistic
effect [1, 2, 3].

Candesartan is a highly potent and long act-
ing AT -receptor antagonist. In Germany it was
launched for the treatment of essential hyper-
tension in 1997. In 2004 Candesartan was es-
tablished for the treatment of CHF in patients
with reduced left ventricular systolic function.

A few major studies confirm efficacy and
safety of Candesartan in the treatment of
chronic heart failure. Candesartan proved to be
well tolerated at the maximum dose of 32 mg
once daily in the majority of patients with CHF
already on regimen including ACE-inhibi-
tors [4, 5].

A study of the effects of Candesartan alone,
Enalapril alone and in combination in 768
patients with CHF demonstrated that Cande-
sartan alone was as effective, safe and tolerated
as Enalapril in this patient population. The
combination of Candesartan and Enalapril was
more beneficial in preventing left ventricular
remodeling than either Candesartan or Enal-
april alone [6].

In the large CHARM trial Candesartan was
evaluated in heart failure assessment of reduc-
tion in mortality and morbidity programs.
Overall, 7,599 patients with CHF were as-
signed to one of three protocols: the CHARM-
Alternative, for patients with ACE-inhibitor
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intolerance; the CHARM-Added, for patients established
on ACE-inhibitor therapy; and the CHARM-Preserved,
for patients with isolated diastolic dysfunction. The pri-
mary outcome for the overall analysis was all-cause death,
while each individual protocol’s primary outcome was
occurrence of cardiovascular death or unplanned hospi-
tal admission for heart failure (HF). According to main
conclusions of the study, Candesartan significantly lowers
cardiovascular mortality, overall mortality and HF hos-
pitalizations in patients with LV systolic dysfunction. It
is an appropriate alternative to ACE-inhibitor intolerant
patients or to appropriately selected patients on established
ACE-inhibitor therapy [7-10].

OBJECTIVE

The study objective was to answer the question whether
Candesartan as add-on therapy to ACE-inhibitors (and
according to patients pre-medication also an addition to
digitalis and/or diuretics) improves exercise capacity (VO,
max) in patients with symptomatic heart failure NYHA
class III to IV with EF<35% over a treatment period of
24 weeks.

Secondary objectives of the study were to determine
whether treatment with Candesartan improves hemody-
namics during exercise and at rest, symptoms and signs,
left ventricular systolic and diastolic function and neuro-
hormone levels.

METHODS

This was a prospective, randomized, double-blind, paral-
lel group study with two treatment arms. The study com-
prised a 2-weeks run-in period and a 24-weeks treatment
period. During the study all patients continued to take
their previous ACE-inhibitor. During the treatment period
the patients received either Candesartan or placebo as add-
on therapy. The treatment period started with intake of
Candesartan 8 mg or placebo for 2 weeks. Thereafter, the
dosage was doubled and patients took Candesartan 16 mg
or placebo for another 22 weeks. Candesartan 8 mg tablets
and placebo tablets of identical appearance were used in
both phases of the treatment period.

The following doses were regarded as minimum doses
for ACE-inhibitors: Captopril 50 mg, Enalapril 10 mg,
Lisinopril 5 mg, Perindopril 4 mg, Ramipril 5 mg. The
study medication (ACE-inhibitor and Candesartan or pla-
cebo) was taken orally every morning before breakfast.
Baseline treatment with digitalis, diuretics, beta blockers,
class-III-antiarrhythmics (amiodarone, sotalol) was con-
tinued during the study.

The study was performed in outpatients of the Ker-
ckhoff-Klinik Bad Nauheim, Germany. Male and female
patients >18 years of age with moderate to severe sympto-
matic heart failure (NYHA class III to IV) were enrolled.
Patients were eligible for inclusion if they had impaired left
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ventricular function (ejection fraction <35%), if they were
on stable ACE-inhibitor therapy for at least one month
prior to inclusion and if they were suitable for add-on
therapy with AT -receptor antagonists.

The patients returned to the study centre at the start
of the run-in period (Visit 1), at the start of the treatment
period (Visit 2), at 2, 4, 8 and 16 weeks after the start of
the treatment period (Visits 3, 4, 5 and 6) and at the end
of the treatment period (Visit 7). The following investi-
gations were performed at the visits to the study centre:
ergospirometry during symptom-limited bicycle ergom-
etry, right heart catheterization during symptom-limited
bicycle ergometry, echocardiography, self-assessment of
dyspnea, self-assessment of quality of life (Visits 2 and 7).

Primary efficacy parameter was the change in VO, max
from Visit 2 to Visit 7. Changes in the other cardiologic
variables were regarded as secondary efficacy parameters.
The primary efficacy parameter was analyzed for superi-
ority of Candesartan vs. placebo as add-on therapy to an
ACE-inhibitor. The secondary efficacy parameters were
analyzed for differences between treatment groups.

To this, an analysis of covariance (ANCOVA) was per-
formed using treatment and enrolment period as factors
and the baseline value (Visit 2) as covariate. Candesartan
was considered as superior to placebo regarding the
change in VO, max from Visit 2 to Visit 7 if the test for
LS-mean difference <0 yielded a p<0.025. Differences in
secondary efficacy parameters between treatment groups
were concluded if the corresponding test for LS-mean dif-
ference = 0 yielded a p<0.05.

The study was approved by the Independent Ethics
Committee (IEC - LAK Hessen, Frankfurt, Germany).

RESULTS
Disposition

In total 35 patients were enrolled in the study. Eighteen
patients were randomized to Candesartan cilexetil and 17
patients were randomized to placebo as add-on therapy to
their ACE-inhibitor. All patients received study medica-
tion at least once and were included in the safety analysis.
Six patients were excluded from the intention-to-treat
(ITT) analysis because no valid ergospirometry was per-
formed at Visit 2 and/or at Visit 7. Thus, the ITT popula-
tion comprised 29 patients, 14 patients in the Candesartan
and 15 patients in the placebo group.

Protocol deviations

All protocol deviations were regarded as minor in all pa-
tients except three. Discontinuation of concomitant intake
of a diuretic at Visit 5 was regarded as a major protocol de-
viation. Minor protocol deviations were primarily made up
by deviations from the time schedule. No patient violated
any of the in- or exclusion criteria at screening.
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Demographic and baseline characteristics

Patients in both treatment groups were predominantly of
male sex. Patients in the placebo group were slightly older
than patients in the Candesartan group. Body weight was
higher in the Candesartan group but no relevant difference
between groups was observed in body height. Systolic and
diastolic blood pressure was higher in the placebo group,
whereas pulse rate was higher in the Candesartan group
(Table 1).

Baseline values of all efficacy parameters were within
expected ranges for patients suffering from CHF (NYHA
class III to IV). Most parameters did not show any dif-
ferences in baseline values between treatment groups. In
the following, parameters with remarkable differences at
baseline are mentioned (mean+SD). During bicycle er-
gometry, systolic blood pressure at rest and systemic vas-
cular resistance at rest were higher in the placebo group,
whereas heart rate at rest was higher in the Candesartan
group (Table 2).

Table 1. Clinical and hemodynamic characteristics at baseline

Candesartan Placebo

Parameter group group
(n=18) (n=17)

Male (n) 15 14
Female (n) 3 3
Age (years) 52.7+9.5 55.6+13.6
Body weight (kg) 97.7+154 85.7+15.7
Body height (cm) 176.9+6.6 172.1£10.2
Pulse rate (min™) 78.2+11.5 69.0+£12.0
Systolic blood pressure (mm Hg) 124.6+23.5 136.4£19.4
Diastolic blood pressure (mm Hg) 86.3+10.6 84.2+12.4
?&';;ZT;ZC‘;ZZ?EE)'” resistance 145493063 | 1698.2+491.9
LVEF (%) 21.4+6.0 25.4+4.8
Peak VO, (ml/min/kg) 10.2+2.7 13.8+2.5
PCWP (mmHg) 13.5+4.2 14.5+7.3
CO (I/min) 5.1£0.9 4.3+0.7

n - number of patients

Table 2. Concomitant medication at baseline — number of patients

Parameter Candesartan Placebo group
group (n=18) (n=17)
Beta blockers 18 17
ACE inhibitors 18 17
Loop diuretics 16 15
Aldosterone antagonists 10 10
Cardiac glycosides 11 9
Antithrombotic agents 13 15
Serum lipid reducing agents 6 8
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Graph 1. Change in oxygen uptake and bicycle exercise time after
24 weeks

Efficacy results
Primary efficacy parameter

The primary efficacy variable at baseline, VO, max, was sig-
nificantly lower (p<0.001) in the Candesartan (10.2+2.7 mL/
min/kg) than in the placebo group (13.8+2.5 mL/min/kg).

From Visit 2 to Visit 7, VO, max remained about con-
stant in the Candesartan group (0.06+1.43 mL/min/kg)
and slightly decreased in the placebo group (-1.10+1.51
mL/min/kg) (Graph 1).

VO, max was not significantly improved by Cande-
sartan or placebo and Candesartan showed no significant
effect on VO, max in comparison with placebo (p=0.13).

Secondary efficacy parameters
Ergospirometry

Graph 1 provides an overview of the changes in ergospirom-
etry results from Visit 2 to Visit 7. These results indicated a
tendency to a decrease in oxygen uptake at rest in the Can-
desartan but not in the placebo group, whereas no change in
oxygen pulse at rest and oxygen pulse at maximum exercise
were observed in both treatment groups (p>0.05).

Bicycle ergometry and right heart catheterization

Changes in routine bicycle ergometry and right heart cath-
eter results from Visit 2 to Visit 7 are presented in Graphs
2 and 3. During bicycle ergometry, patients in the Cande-
sartan group showed a relevant increase in exercise time
(31.9458.5 sec) (p=0.01), whereas a relevant decrease was
observed in the placebo group (-25.9485.9 sec) compared
to baseline value (p<0.05). The difference between treat-
ment groups was significant (p<0.001).
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Relevant reductions in pulmonary capillary wedge
pressure were observed both at rest and at maximum ex-
ercise (p<0.01). Relevant reductions in systemic vascular
resistance and mean pulmonary artery pressure occurred
at maximum exercise (p<0.05), as seen on Graphs 2 and
3. Furthermore, heart rate and mean pulmonary artery
pressure at rest tended to decrease and cardiac index at
maximum exercise tended to increase in the Candesartan
group, as seen on Graphs 2 and 3.

Except for a relevant decrease in mean pulmonary ar-
tery pressure at maximum exercise (p<0.05), none of these
changes was observed in the placebo group. However, only
patients in the placebo group showed relevant reductions
in diastolic and mean arterial blood pressure at maximum
exercise (p<0.01).

Finally, relevant differences between treatment groups
were observed in changes of right atrial pressure at rest
(Candesartan: -1.9+1.7 mmHg, placebo: 1.0+2.7 mmHg,
p<0.01), pulmonary capillary wedge pressure at rest
(Candesartan: -3.1+3.8 mmHg, placebo: 0.2+4.6 mmHg,
p<0.05) and systemic vascular resistance at maximum ex-
ercise (Candesartan: -141.9+253.3 dyne*sec/cm’, placebo:
47.3£221.0 dyne*sec/cm’, p<0.05) (Graphs 2 and 3).
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Graph 2. Change in right atrial pressure (RAP), pulmonary artery
pressure (PAP) and pulmonary capillary wedge pressure (PCWP) after
24 weeks
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Dyspnoea and quality of life

On a 100 mm visual analogue scale (VAS) no relevant dif-
ference in the reduction of dyspnea between Candesartan
and placebo treated patients was observed.

There was no relevant change in any dimension of
health-related quality of life in both treatment groups, ex-
cept for a relevant increase in vitality in the placebo group.
However, vitality assessments were lower in placebo than
in Candesartan treated patients at Visit 2, and the increase
in vitality in the placebo group mostly compensated for
this difference. Health-related quality of life was assessed
with the SF-36 questionnaire.

Echocardiography

The echocardiography parameters did not show any sta-
tistically relevant changes in both investigated groups.
However, a tendency to an increase in the left ventricular
ejection fraction was observed in both treatment groups,
but that was not relevant (p>0.05).

Hormone levels

Graph 4 provides an overview of the changes in hormone
levels from Visit 2 to Visit 6.
Plasma-renin-concentration was significantly in-
creased in the group with Candesartan (279.5+901.9 ng/L,
p<0.01), but in the placebo group it remained unchanged
(-29.0+211.9 ng/L, p>0.05). Furthermore, the Candesartan
group patients showed a relevant decrease in Interleukin
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Graph 3. Change in systemic vascular resistance (SVR) and cardiac
index after 24 weeks
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Graph 4. Change in plasma renin concentration, plasma renin activity,
NT-proBNP and interleukin-6 after 24 weeks
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6 concentration (p<0.05) and a tendency to a decrease in
NT-proBNP at rest (p=0.06) (Graph 4). Only the change
in pooled data of plasma-renin-activity and plasma-renin-
concentration at rest showed relevant differences between
the Candesartan and placebo group (p<0.05) (Graph 4).

DISCUSSION

In the previous non-invasive study in patients with con-
gestive heart failure, treatment with Candesartan demon-
strated significant improvements in exercise-tolerance,
cardio-thoracic ratio as well as symptoms and signs of
heart failure and was overall well tolerated [5]. Refer-
ring to VO2 max, our study failed to show superiority of
Candesartan compared to placebo as add-on therapy to
ACE-inhibitors for the treatment of CHE. An explanation
could be in a relatively small number of included patients
compared to predicted studies with Candesartan. How-
ever, patients in the Candesartan group showed a relevant
increase in exercise time, whereas a relevant decrease was
observed in the placebo group. According to Narang et
al. [11], exercise time is an even better variable for the
assessment of therapeutic interventions in patients with
CHF than oxygen consumption. Thus, the increase in ex-
ercise time can be interpreted as a clear indication of an
improvement of CHF treatment by co-administration of
Candesartan to ACE-inhibitors.

Other parameters of cardiac function have to be ex-
amined separately for resting and for working conditions.
At rest, cardiac function was improved by a reduction of
cardiac work for about the same time of blood delivered.
Cardiac work was primarily reduced by reduction of sys-
temic vascular resistance and venous pooling. During right
heart catheterization and bicycle ergometry, this appeared
as decrease in blood pressure, as well as decrease in right
atrial pressure, pulmonary capillary wedge pressure and
mean pulmonary artery pressure. According to Mitrovi¢ et
al. [12], after 3 months mean PCWP values in all treatment
groups (2, 4, 8 and 16 mg Candesartan) were consider-
ably lower as compared with corresponding single-dose
values. For all time points, the lowest and statistically sig-
nificant mean PCWP values as well as mean PAP values
were obtained in the Candesartan 16 mg group. The study
followed hemodynamic and neurohormonal effects of
Candesartan in patients with CHF and confirmed dose-
dependent, significant reductions of PCWP in doses 8 and
16 mg versus placebo [12]. In the study with Valsartan
in patients with mild to moderate CHF after 2 months
of treatment mean PCWP values were decreased, but
not significant compared to placebo [13]. At maximum
exercise, in our investigation Candesartan enhanced the

physiological reduction of systemic vascular resistance. It
also seems to be the result in previous studies [12, 13]. The
reduction of cardiac output at rest and the enhancement of
the physiological reduction of systemic vascular resistance
allowed for an increase in the amount of blood delivered at
maximum exercise. During right heart catheterization and
bicycle ergometry, this appeared as an increase in cardiac
index. Decrease of blood pressure was compensated by the
increase in cardiac output that finally caused the increase
in exercise time. The reduction of right and left ventricu-
lar filling pressures was observed at maximum exercise.
Such changes in the hemodynamic parameters of cardiac
function suggest an improvement of CHF treatment by
co-administration of Candesartan to ACE-inhibitors.

As can be expected, as a result of effective RAAS block-
ade, plasma-renin-concentration and plasma-renin-activi-
ty were compensatory significantly increased in the group
with Candesartan. Results of the long-lasting Framingham
Heart Study suggest that increase of plasma-renin-con-
centration has no significant influence on cardiovascu-
lar events [14]. At the same time, permanent and dose-
dependent decrease in aldosterone and atrial natriuretic
factor were also registered in our and previous studies with
Candesartan in patients with CHE This can be considered
as the positive hemodynamic effect of Candesartan in this
population of patients [12, 13].

Although the improvement in cardiac function was ob-
served, our patients with congestive heart failure had no
significant change either in the quality of life or reduced
symptoms like dyspnea, despite improved quality-of-life
results observed by other investigations with more patients
[4, 5,12, 13]. A slight decrease in NT-proBNP at rest as well
as at maximum exercise was also registered. It could be
possible that the period of 16 weeks was too short for the
registration of Candesartan effects on dyspnea and other
symptoms of heart failure, so that the period of time could
be extended in further clinical studies of Candesartan.

CONCLUSION

Combination of AT, -inhibitor Candesartan and ACE-in-
hibitor in patients with moderate to severe symptomatic
congestive heart failure showed a relevant increase in ex-
ercise time and relevant decrease in values of right atrial
pressure, pulmonary capillary wedge pressure at rest and
systemic vascular resistance at maximum exercise.

No significant change in exercise capacity (VO, max)
was observed.

Our results suggest moderate positive additional ther-
apy effects of Candesartan as add-on therapy to ACE-in-
hibitors in the treatment of congestive heart failure.
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EdekTn npumeHe KombuHaumje aHTaroHucre AT -peuentopa
KaHAecapTaH-uunekcetuna n ACE-uHxmbutopa koa 6onecHuka

C KOHreCTMBHOM MHCYdULMjeHLMjom cpua

Epuc FawanwnH', VisaHa [parytuHosuh', paruh baHkosuh? BecennH Mutposuh!

'KnuHunka Kepkxod, bag Hayxajm, Hemauka;

TpupopHo-matemaTuuky dakyntet, YHuBep3uTeT y Kparyjesuy, Kparyjesau, Cpbuja

KPATAK CAOPXKAJ

YBog KombuHaumja ACE-uHXrn6uTopa 1 610KaTopa aHrmoTeH-
3VHCKMX peLienTopa MoXe 06e36eauTn 6osby 6rokagy crctema
PAAC y nopehetby ¢ MOHOTEpaNujoM.

Liwm paga Lvb paga je 6uo fa ce yTBpAe XeMoAnHaMCKM 1
HeypoxyMopainHu eGeKT KaHAecapTaH-LUIeKCeTna y CTakby
MVpPOBatba 1 MpU Hamnopy y oKBupy foaatHe Tepanuje ACE-nH-
X1bmToprMa Kog 6onecHnKa ¢ nHcydpuumjeHumrjom cpua NYHA
knace llln IV.

Metope papa Cryauja je 61na NpocnekTMBHA, paHAOMU3MPa-
Ha, BYn/o cnena, nnawebo KOHTPonrcaHa, ca napanenHum rpy-
nama. YKynHo 35 6onecHvika npuMIo je KaH4ecapTaH y Ao3u
o[, 8 mg npBe 1 jpyre Heflesbe, ORHOCHO 16 mg og Tpehe ao
24. Hepierbe, UNv NaLe6o TOKOM 24 Heflerbe y OKBUPY AoAaT-
He Tepanuje ACE-MHX1OGUTOPOM KOji Cy paHUje KopUCTUan y
Tepanuju.

Pesyntatin Aepo6H KanaumTeT je 0CTao HEMPOMEHEH KOZ 1C-
nUTaHvKa Koju Cy npumanu KangecaptaH (0,06+1,43 ml/min/
kg), a 6110 je Gnaro CHUXEH Y rpynu Koja je nprmana nnawe6o
(-1,10+1,51 ml/min/kg), 6€3 cTaTUCTNYKM 3HaYajHe pa3NinKe
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mehy rpynama (p=0,13). Y nopehery c no4eTHUM BpefHOCTH-
Ma, Bpeme NPWIMKOM Hamopa ce 3HadyajHo nosehasno y rpynu
NCNMTaHNKa Koju Cy NpyManu KaHgecapTtaH (31,9+58,5 s), nok
ce Kop 6onecHKa Koju cy npumany nnate6o 3HayajHo CMarbi-
no (-25,9+85,9 s). Pa3nuka n3mehy ucnutrBaHmx rpyna 6una
je ctaTucTykm 3HavajHa (p<0,001). 3HauajHe pasnuke mehy
UCMUTUBAHVM rpynama 3abenexeHe cy 1y npoMeHama Bpea-
HOCTV NMPUTKCKA AieCHe MPETKOMOPE Y CTakby MUPOBatba (KaH-
pecaprtaH: -1,9+1,7 mm Hg; nnaue6o: 1,0+2,7 mm Hg; p<0,01),
nayRHOr KanunapHor NPUTUCKa Y CTakby MUpPOBaka (KaHAae-
captaH: -3,1+3,8 mm Hg; nnaue6o: 0,2+4,6 mm Hg; p<0,05) n
CUCTEMCKOT BaCKyIapHOr OTMopa Npv MakCManHOM Hamopy
(kaHpecapTaH: -141,9+253,3 dyne:s/cm®; nnaue6o: 47,3+221,0
dyne-s/cm®; p<0,05).

3aksbyyak EdrikacHOCT neyerba 6onecHuKa c MHCYyGuLmnjeHLm-
jom cpua 6uno je 6naro nobosbluaHo JoaaBakbem KaHaecapTa-
Ha ACE-uHXnbutoprma.

KrmbyuHe peun: KaHgecapTaH-LUNeKceTus; 6noKaTopy aHro-
TEH3UHCKUX peLienTopa; ACE-MHXMOUTOPY; KOHFEeCTVBHA UHCY-
dvuprjeHumja cpua
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