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Alihough angiotensin-convedng enzyme inhibitors have been shown to affect lefi ven- 
iricular (LV) remodeling favombly in seveml conditions, it remains unclecu whether 
they can influente LV geometric pottern in hypertension. To address this issue, 122 
patients (71 men and 51 women; mean age = 51 ic 10 yearsj with mild to modemte 
hypertension were studiedpmspectively. Al1 underwent c l i ~ c a l  evaluation and Doppler 
echocardiogmphy at entry andmore than 2 years ofquinapzii therapy (10-40 ms/day). 
According t0 either LV mass [norma] i f  <l31 g/m for men or C100 g / d  for women) 
or the mtio of LVposterior wdl  thickness to diastolic diameter (RWT; norma] if C0.451 
at baseline, 58 patients had norma] mass andRWT, l8 patients had concentric remodel- 
ing (i.e., norma] mass but increased RWT), 24 patients had eccentric hyperfrophy (i.e., 
increased mass but normal RWT], and 22 patients had concentric hypertraphy (i.e., 
increose in both mass and RWT). After 6 months of quinapril thempy, al1 patients with 
normal left ventricles showed the maintenance of mass and RWT within narmal limits. 
Patients with concentric remodeling showed no increose in mass but had a signiycant 
decrease in RWT. Patients with eccentric hmrtraohv exhibjted a sipnificant reduction 
in mass with no substantia] change in RWT: ~at ièn& with concent& hypertrophy had 
a sim'ficant reduction in both moss and RWT. Channes in LV mass and neometw were 
m&t&ned during the 2-yearperiod of treatment onz  were pamlleled by hprovéments 
in Doppler indices of LV diastolic function in each group. It is concluded that quinapril, 
with its well-hown effects an LV hypemophy, modifies the LV geometric poitem of 
hypertensive patients favombly, regardJws of the presence of an abnormal LVmoss or 
RWT. 

ssential hypertension is associated with changes E. m left ventricular (LV) morphology. LV hypertro- 
phy progressively develops as an adaptive response 
to pressure overload and is a well-established marker 
of a poorer prognosis independently of blood pres- 
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sure.' More recent investigations also have consid- 
ered LV geometry in hypertensive patients. Four mu- 
tually exclusive geometric pattems have been Classi- 
fied on the basis of LV mass and relative wail 
thickness (RWT: the ratio of wall thickness to cavity 
diameter),2 and reliminary observations indicate P that a more comp ete definition of LV geomeq may 
be a more effective approach for characterizing the 
risk factors of patients with hypertension.'" 

Multiple studies have demonstrated the favorable 
effects of various antihypertensive treatments on LV 
hypertroph?; however, no previous investigation 
has verified in a large series of patients whether the 
distinct pattens of LV geometry are infiuenced by 
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pharmacologic therapy. To address this issue, the 
authors prospectively investigated the long-term ef- 
fects of an angiotensin-converting enzyme (ACE) in- 
hibitor. quinapril, on LV morphology and shape in 
a cohort of patients with essential hypertension. 

PATD%NTS AND METHODS 

Patients 

Al1 hypertensive patients who were referred to the 
authors' institution between January 1992 and De- 
cember 1992 were considered eligible to participate 
in the study. To be included, patients had to demon- 
strate al i  of the following criteria: 1) essential hyper- 
tension with sitting blood pressure of 140 mmHg or 
diastolic blood pressure of 90 mmHg on at least three 
visits in the 3 weeks before admission; 2) discontinu- 
ation of any previous antihypertensive therapy for 
more than 4 weeks; 3) absence of any symptom or 
sign of heart failure, ischemic heart disease, cardio- 
myopathy, valvular heart disease, and concomitant 
im~ortant disease: and 41 echocardioerams of ade- 
quate quality to assess LV morphologi~ characteris- 
tics. According to these admission criteria, a total 
of 133 patients entered the study. At admission, al1 
patients underwent clinical and physical evaluation, 
including a detailed medicai history, fundoscopic 
evaluation, laboratory screening tests (icluding uri- 
nalysis and determination of serum levels of creati- 
nine, glucose, cholesterol, and electrolytes), and 
Doppler echocardiography. During follow-up, four 
patients were lost, and seven patients discontinued 
treatment because of the onset of side effects. The 
remaining 122 patients completed the 2-year period 
of treatment with quinapril and therefore constituted 
the study group included in the analysis. There were 
71 men and 51 women. The mean age was 51 I 10 
years (range, 25-70 years). 

Echocardiography 

Echocardiographic studies were performed using a 
Hewlett-Packard (Andover, MA: mode1 Sonos 1500) 
ultrasonic sector scanner with a 2.5-MHztransducer. 
Standard left parasternal long- and short-axis views 
and apical two- and four-chamber views were ob- 
tained in al1 patients. Al1 examinations were per- 
formed by two investigators @C and CF) and re- 
corded on videotapes. To obviate the potential limi- 
tation of a biased evaluation, ali Doppler 
echocardiographic measurements were calculated 
independently at the end of the study by two other 
investigators.who are experts in echocardiography 
(SDC and FF') and who were unaware of patients' 
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identities and clinical statuses. Echocardiograms 
were judged adequate for interpretation if acceptable 
recognition of the endocardial and epicardial borders 
of the LV wall was obtained. M-mode echocardio- 
grams were derived from the two-dimensional image 
under direct anatomic visualizatiod. Measurements 
were made according to the recommendations of the 
American Society of Echocardiography with a lead- 
ing-edge-to-leading-edga convention.' Standard 
echocardiographic values of LV internal dimension, 
intementricular septum thickness, and posterior 
wall thickness were assessed at end diastole. Left 
ventricular mass, in grams, was calculated using the 
formula introduced by Devereux et als,': 

where LViD is LV internal dimension, PWT is poste- 
rior wall thickness, and NST is interventricular sep- 
tum thickness. Values were indexed by the body sur- 
face area. Relative wall thickness was calculated us- 
ing the formula WST + PWT)/LVID.' 

Reproducibiliiy 

Intraobsemer variability of echocardiographic data 
was determined with repeat analysis of al1 the mea- 
surements calculated in all the 122 patients by one 
investigator (SDC), who evaluated al1 examinations 
on two separate occasions 3 months apart. Interob- 
server variability was assessed in al1 122 patients by 
two different investigators (SDC and W), who mea- 
sured al1 echocardiographic parameters indepen- 
dently and without knowledge of the identities of 
patients. 

Caràiac Doppler 

Doppler mitral flow recordings were obtained from 
the apical four-chamher view using a 2.5-MHz trans- 
ducer. The pulsed wave beam was positioned in a 
line parallel to the LV long axis, with the sample 
volume at the leve1 of the mitra1 annulus. Tracings of 
at least five cardiac cycles with the highest velocity 
pattern of LV diastolic filling were recorded. The 
following measures were calculated in each patient: 
peak flow velocities of early fìliing wave and atrial 
Elling wave, ratio of early to atrial filling waves, de- 
celeration time of early filling wave (i.e., the time 
required for the early filling wave velocity to decline 
from its peak to the baseline value), and isovolumic 
relaxation time (i.e., the time intemal from the begin- 
ning of the second heart sound to the beginning of 
the early 5lling wave). Doppler tracings were evalu- 
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ated by two investigators (SDC and FP), who were 
unaware of patient status. For each Doppler echocar- 
diographic parameter in any given patient, at least 
five consecutive cardiac cycles were analyzed and 
the average cal~ulated.'~ 

Pattems of LV Geometry 

In al1 patients, the LV geometric pattem was evalu- 
ated on the basis of their LV mass and RWT. Cut-off 
points to identify LV hqertrophy were set at 131 gl 
mZ for men and 100 glm for women, corresponding 
to the 95% coniidence limits for the upper range of 
normal as assessed in the Framingharn Heart Study." 
A cut-off point of 0.45 was used for RWT according 
to previous reports on the signilìcance of different 
patterns of LV adaptation to hypertensi~n.~.~ The 
study patients were classified as having a normal 
LV if LV mass and RWT were normal; concentric 
remodeling if LV mass was normal but RWT was 
0.45 or greater; eccentric hypertrophy if LV mass was 
increased but RWT was normal; or concentric hyper- 
trophy if both LV mass and RWT were higher than 
norma1.'-" 

Treatment and Follow-up 

At discharge and during follow-up, al1 patients were 
treated with quinapril (10-40 mglday) given orally 
to reduce clinical blood pressure to less than 140190 
mmHg. In 50 patients, it was necessary to add 25 
mglday to 50 mglday of cbiorthalidone to ensure 
effective tmatment. Al1 patients were given instnic- 
tions regarding life-style changes. No patient re- 
ceived p-adrenergic blocking agents, calcium chan- 
nel blockers, al-blockers, or other antihypertensive 
h g s  during the study period. Al1 patients were re- 
evaluated 6 months after the beginning of therapy 
and at the end of the 2-year follow-up period. Fol- 
low-up visits included repeat clinical and physical 
examination, senun biochemistry, 12-lead electro- 
cardiography, and Doppler echocardiography. 

Statistics 

Data are expressed as means ? standard deviations. 
Data within a group among baseline and follow-up 
evaluations were compared by repeated-measures 
analysis of variance. The Student-Newman-Keuls 
post hoc test was used to detect differences between 
two evaluations whenever the analysis of variance 
showed a significant difference. The Statistical Pack- 
age for the Social Sciences software (SPSS, Inc., Chi- 
cago, IL) was used. A P value of less than 0.05 was 
considered statistically significant. 

CARDIOVASCULAR PHARMACOLOGY 

Patients 

Accorda  to the criteria adopted, 58 patients (47%) 
were considered to have a normal Left ventricle, 18 
patients (15%) showed concentric remodeling, 24 
patients (20%) had an eccentric hypertrophy, and 22 
patients (18%) had concentric hypertrophy. Clinical 
feahues and indices of disease severity for each 
group are reported in Table I. Patients with eccentric 
and concentric hypertrophy had a longer duration of 
hypertension. Also, those with LV hypertrophy had 
been treated more often with antihypertensive dmgs 
before entry in the study *an those with normal LV 
mass. 

Effects of Quinapril on Blood Pressure 

The effects of quinapril on blood pressure are shown 
in Table Il. Systolic arterial blood pressure at the 6- 
month and 2-year visits appeared significantly de- 
creased in al1 study groups compared with baseline 
values. Also, significant reductions in diastolic arte- 
rial pressure were recorded in the four study groups 
duFing follow-up. 

Effects of Quinapril on Lefi Ventricular Geometry 

The effects of quinapril on LV geomehy are shown 
in Table Di. During the 2-year therapy period, the LV 
mass index decreased significantly in al1 four study 
groups. Although major reductions in LV mass index 
occurred in patients with eccentric hyperkophy [a 
9% decrease after 6 months and a 12% decrease after 
2 years) and concentric hypertrophy (an 8% decrease 
after 6 months and a 15% decrease after 2 years), 
treatment with quinapril also was associated with a 
decrease in LV mass index in patients with no evi- 
dente of LV hypertrophy at baseline (a 1% decrease 
after 6 months and a 4% decrease &er 2 years in 
patients with a normal LV, and a 3% decrease after 
6 months and a 12% decrease after 2 years in those 
with concentric remodeling).It is noteworthy that 
none of the 58 patients with normal left ventricles 
and none of the 18 patients with concentric remodel- 
ing showed the progression toward LV hypertmphy 
during follow-up. Reductions in LVmass index were 
similar in the 72 patients who received only quin- 
apri1 and in the 50 patients that were treated with 
quinapril plus chlorthalidone. At 2 years. LV mass 
index in the former group decreased by 5% in those 
with normal left ventricles, 14% in those with con- 
centr i~ remodeling, 15% in those with eccentric hy- 
pertrophy, and 13% in those with concentric hyper- 
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TABLE I 

Clinica1 Characteristics and Indlces of Disease Sever.Q at Refenal in Patients with Essential Hypertension 

Study Gmup 

Norma1 Concentric Eccenirlc Conceniric 
Leit Veniricle Remadellng Hypertrophy H Y P ~ ~ O P ~ Y  

In E 581 In = 18) In = 24) In = 22) P Value 

Gender (MF) 38/20 13/3 10/14 10/12 
Age (yrs) 49 i 10 53 10 50 o 8 55 i 9 NS 
Duration of hypertension (yrs) 3.5 i 2.7 3.1 i 3.4 5.4 o 4.1 5.9 i 5.4 <0.02 
Never treated, no. (%) 44 (76) 11 (61) 8 (33) 8 (36) <0.0001 
Heart rate (bpm) 71 i 11 74 i 9 79 o 15 77 i 19 NS 
Fundoscopic grade, no. 1%) 

s1 55 (95) 17 (95) 20 (83) 19 (86) NS 
> 1 3 (5) 1 (5) 4 (17) 3 i141 NS 

Serum glucose (mg/dL) 95 i 15 100 o 17 98 o 18 97 o 2 1  NS 
Serum cholesterol (mg/dL) 215 i 35 220 i 25 210 i 31 223 e 28 NS 
Serum creatinine (mg/dL) 0.94 i 0.21 0.97 i 0.17 0.98 +' 0.15 0.99 i 0.25 NS 
Serum triglycerides (rng/dL) 141 i 77 138 o 55 159 i 63 166 i 73 NS 

Vahies are presented as the mean ? standard deviation, unless omerwise iodicated. bpm, beab per minute; NS. not 
significant. 

tmphy. Similarly, in the latter group, LV mass index change in patients with normal LV geometry during 
decreased by 3% in those with normal lefi ventricles, the study period. In those with concenbtc remodel- 
11% in those with concentric remodeling, 11% in ing, treatment with quinapril was associated with a 
those with eccentric hypertrophy, and 18% in those substantial reversal of LV dimension to normal; LV 
with concentric hypertrophy. dirnension increased 5% after 6 months and 11% 

Lefi ventricular &mension did not show any after 2 years. Conversely, patients with eccentric hy- 

TABLE Il 

Arteria1 Blood Pressure Values at Baseline and at 6-Month and 2-Year Evaluations 

Siudy Group 

Norma1 Concentric Eccenbic Concentric 
Lefi Ventricle Remodeling H Y P ~ ~ ~ P ~ Y  H Y P ~ ~ ~ ~ Q P ~ Y  

In = 58) in = 181 in = 241 In = 22) 

Systolic blood pressure (mm Hg) 
baseline 
6 mos 
2 yrs 
Pt 

~iiitolic blood pressure imm Hg) 
baseline 
6 mos 
2 yrs 
Pt 
P c 0.05 versur corresponding vWe at baseline. 

t P dues  Hwe detennlned by means of anaws of v a n a ~ e .  
Valves are presented as me mean t standard deviatto". I 
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TABLE III 

Echocardiographic Parameters of Left Ventncular Morphology at Baseline and at 6-Month and 2-Year Evaluations 

Normal Concenìiic Eccenhic Concentrlc 
Leii Venùicle Remodeling Hyperìrophy Hypertrophy 

[n = 58) (n = 18) (n = 24) [n = 22) 

LV rnass ig/m21 
baseline 
6 rnos 
2 yrs 
P 

LV enddiastolic diameter (cm) 
baseline 
6 mos 
2 yrs 
P 

LV posterior wall thickness (cm) 
baseline 1.00 i 0.13 1.02 I 0.08 1.13 0 0.09 1.28 2 0.14 
6 rnos 0.98 i 0.10' 0.93 i 0.09' 1.06 i 0.09' 1.11 10.12' 
2 yrs 0.95 i 0.08.t 0.82 I 0.11 1.03 I 0.10' 1.01 i 0.09 
P <0.001 <0.001 <0.001 <0.001 

Intewentricular septum thickness (cm) 
baseline 0.89 i 0.12 1.04 i 0.07 1.08 i 0.08 1.16 I 0.09 
6 mos 0.90 i 0.1 1 0.96 2 0.10' 1.04 0 0.09' 1.10 C 0.10' 
2 yrs 0.89 o 0.10 0.79 i 0.10-t 1.03 i 0.09' 1.01 I 0.09.t 
P NS <0.001 <0.001 <0.001 

Relative wall thickness 
baseline 0.38 i 0.03 0.472 0.02 0.42 o 0.03 0.51 0 0.05 
6 rnos 0.38 0 0.03 0.41 i 0.04' 0.40 0 0.02' 0.45 0 0.05' 
2 yrs 0.37 i 0.027 0.33 i 0.04.t 0.40 o 0.02' 0.40 o 0.03.t 
P <0.001 <0.001 <0.001 <0.001 

P C 0.05 versus cwespa".n# vahie at &se!&. 
t P  C 0.05varurscwnspondingvalwat6mMmvisit. 
Vahies are presenied as m w  2 standard deuia6on; P vaiues were detemifled by means o1 analysis of wance. 

LV. leii venbicular: NS. mi ~ 5 M w n t .  

pertrophy exhibited a statistically significant trend 
toward a progressive decrease in LV end diastolic 
diameter. In those with concentric hypertrophy, 
there was a slight increase in baseline values of LV 
interna1 dimension during the 2-year follow-up. 

Apart from those patients with normal LV mor- 
phology at baseline, there were significant reduc- 
tions during follow-up in interventricular septum 
and LV posterior w d  thicknesses in al1 studv 
groups. 

Beneficial effects of ACE inhibition on both LV 
dimension and thickness resulted in substantial 
changes in RWT during the 2-year treatment period. 
RWT decreased 13% after 6 months and 30% after 
2 years in patients with concentric remodeling, and 
12% after 6 months and 22% after 2 years in patients 
with concentric hypertrophy. It is noteworthy that 
RWT was 0.45 in 40 of the 122 study patients at 

baseline, whereas it was within normal limits in al1 
but 1 patient at the end of the follow-up period. 
As a consequence of the progressive changes in 

LV mass and RWT that occurred during the study, 
patients could be reclassified. At the end of the 
study, the number of patients with a norrnal LV geo- 
met r i~  pattern had increased from 58 to 87, no pa- 
tient showed concentric remodeling, and concentric 
hypertrophy remained in only 1 patient. 

Effects of Quinapril on Lefì Ventricular Filling 

The effects of quinapril on LV filling are shown in 
Table N. Changes in LV geometric pattems during 
the 2-year period of treatment with quinapril were 
paralleled by improvements in Doppler indices of LV 
diastolic function. Al1 study groups showed trends 
toward progressive increases in peak early velocity 

CARDIOVASCULAR PHARMACOLOGY 
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TABLE RI 
--P- - 

Doppler Indices at Leit Ventricular Filling at Baseline and at 6-Month and 2-Year Evaluations 

Normal Concentric . Eccentric Concentric 
Leiì Ventricle Remodeling H Y P ~ ~ O P ~ Y  H Y P ~ ~ O P ~ Y  

(n = 58) (n = 18) (n = 24) (n = 22) 

E wave (cm/s) 
baseline 
6 mos 
2 yrs 
P 

A wave (cm/sl 
baseline 
6 mos 
2 yrs 
P 

E/A ratio 
baseline 
6 rnos 
2 yrs 
P 

OT (ms) 
baseline 
h o s  
2 yrs 
P 

IRT lmsl .. . . ,. . .-, 
baseline 81.0 i 16.5 91.1 i 14.9 91.1 C 21.3 91.6 i 14.3 
6 mos 91.9 I 15.2' 101.3 I 13.2' 95.3 I 19.0. 103.9 I 15.6' 
2 Yrs 92.1 I 15.1' 100.5 I M3.5' 95.2 I 19.9' 103.8 i 16.0' 
P <0.001 0.01 0.02 <0.001 

' P 0.05 verrus c w e m d i n g  value at basehe. 
t P < 0.05 verrus cwespwiding value at hmth  viul. 
Valwc; are presented as the rnean 2 standard deviation; P valws wefe d e t e d e d  by rneans of amlys;s of v%iance. E 

wave, eaiy diastok peak leff venDicular inllnv vebc;ty; A wave, late diastdic peak inflav velocrty; DT, early diasblic flow 
decekratim ion; IRT, isovolwnic relaxaikm b'me; NS. not rignrReant. 

and decreases in peak late velocity of 'ansmitrd 
flows. As a consequence, early to late ratio of peak 
velocities increased both at 6-month and 2-year ex- 
aminations. Also, deceleration time of early filling 
wave and isovolurnic relaxation time improved dur- 
ing follow-up in the four groups. 

Reproducibility 

intraobserver variability percentages at baseline, 6 
months, and 2 years for LV mass were 5.3% + 1.2%, 
4.4% I 1.6%, and 5.5% i: 1.936, respectively. For 
LV diameter, ihey were 4.6% i: 1.8%, 4.9% + 1.756, 
and 4.1% i 1.5%. respectively. For LV posterior 
wall thickness, they were 4.1% + l . l % ,  3.9% _' 
0.9%, and 4.9% i: 1.5%, respectively. For interven- 
tricular septum thickness, they were 6.6% 2 1.3%, 

5.1% i 1.6%, and 4.9% + 1.9%, respectively. inter- 
obsewer variability percentages at baseline, 6 
months, and 2 years for LV mass were 7.5% C4.2%, 
6.9% I 3.2%, and 7.3% + 5.2%, respectively. For 
LV diameter, they were 6.1% I 3.2%. 7.3% * 4.2%, 
and 6.7% + 3.3%, respectively. For LV posterior 
wall thickness, they were 5.5% 2 3.2%, 6.0% I 
4.2%, and 6.2% 2 3.2%, respectively. For intewen- 
tricular septum thickness, they were 7.3% + 3.2%, 
6.8% + 3.9%, and 6.0% + 3.8%, respectively. 

DISCUSSION 

The results of this study suggest that long-term ACE 
inhibition in hypertensive patients, along with its 
well-known favorable influence on LV mass, also is 

1146 J Clin Pharmacol1996;36:1141-1148 
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associated with beneficiai effects on LV geometric remodeling in hypertension favorably, as has already - 
patterns. b e n  ascaiained-h acute myocardial~infa~tion," con- 

Several. but not all. hvootensive dmes are useful eestive heart failure." and valvular repurnitati~n.'~ 
for either.treating arteria hypertensio& reducing 
LV ma~s.~.' The results of the present study demon- 
strate that quinapril is effective in reversing LV hy- 

.pertrophy. This result is consistent with those of pre- 
vious long-term, placebo-controlled studies, which 
showed that a significant decrease in LV mass can 
be obtained with ACE inhihition." 

Apart from showing that quinapril reverses LV hy- 
pertrophy, the findings of this study also suggest that 
its 10%-term administration prevents the develop- 
ment of LV hypertrophy in hypertensive patients. 
This obsewation is consistent with the experixnentai 
evidence that quinapril, probably because of its ma- 
jor affinity for cardiac tissue ACE, is particularly ef- 
fective in hypertension, in which the cardiac renin- 
angiotensin system acts as a trophic factor.I3 Con- 
versely, other drugs, despite decreasing the cardiac 
volume overload, are not able to attenuate the hyper- 
trophic response of the heart." 

The presence of LV hypertrophy is a risk factor for 
cardiovasdar morbidity and mortality.' Recent investi- 
gations have shown that further classification of hyper- 

" 
Le& ventridar diastolic dysfuction i: common in 

patients &th hypertension5 and represents an im- 
portant cause of morbidity, as it is responsible for pul- 
mo co estion and systolic dysfunction during ex- 
ercis"%~' 2though the effects of different antihyperten- 
sive agents on diastoiic fuling dynamics have been 
evaluated in seveml studies? it remains unclear which 
patients mipht benefit from treatment." in addition, al- 
though it has been shown recently that the extent of LV 
dysfuciion depends cm the iype of anatomie remodel- 
ing," no previous investigation has veri6ed the effects 
of treatment in patients with djfferent LV geometric pat- 
terns. In the present study, changes in LV geomeiry 
during the 2-year period of treabnent with quinapril 
were p d e l e d  by significant impmvements in Doppler 
indices of LV diastolic function in ail patient gmups, 
regdess  of the presence at baseline of an a b m d  
LV mass or RWT. These iìndings, therefore, do not sup- 
port the concept that diastolic function can impmve 
only in patients with LV hyperbphy."" Rather, they 
are consistent with prwious invesfigations that have 
suggested that an amelioration of LV nIling can reason- - 

tensive patients by their LV geometric paitem, inzud- abifbe expected only if a drug can producé, along with 
ing concentric or eccentric hyperhophy, concentric ven- a decrease in LV mass, chauges in LV dimensions and 
tricular remodeling, or n o d  geomeiry, uui identify 
gmups with different pathophysiologic pattem and 
may add to LV mass for straii6cation of rislc3* 

Although it remains to be shown whether cardiovas- 
d a r  risk can a d y  be attenuated by reducing in- 
mased LV mass or modiSmg an a b n o d  LV shape, 
it has been speculated that restomtion of a norma1 LV 
geometric pattern may have implications for cardiac 
function and pr~gnosis?~ To the authors' lmowledge, 
previous reports on the effects of antihypertensive dnigs 
on LV dimension have been performed only on mail 
series of patients and have yielded codicting find- 
i ~gs?~ ."  The results of the present study, therefore, are 
relevant because they demonshate that the various LV 
geometric patterns of hypertensive patients can be 
changed substanoally with 10%-term ACE inhibition. 
indeed, treabnent with quinapril was effettive both in 
reveising LV hyperbphy and in idiuencing LV size 
and shape. in fact, patients with eccentric hypemphy 
exhibited a significant decrease in LV mass and a reduc- 
tion of the enlaiged cavity size. Also, patients with con- 
centri~ remodelinp, who, by delìnition, had no LV hy- 
perhophy but did have a rectricted LV dimension at 
baseline, showed a majm inmase in LV sue, which 
r e v d  to norma1 after the 2-year period of Wabnent 
with quinapril. 

These findings are important because they show that 
ACE inhibition'infiuences the so-called process of LV 
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di~tensibility.~~ 
Although performed prospectively in a large series of 

patients and with a 10% follow-up period, this study 
suffers h m  the important limitation of being an open 
investigation. As a consequence, d t s  indicate only 
that the a b n o d  LV geomhc changes that occur in 
hypertensive patients can be modined substantiaiìy by 
antihypertensive treabnent. Additiod controlled trials 
are needed to verify wheiher these favorable effecrs can 
be obtained with ACE inhibitors only or with oiher anti- 
hypertensive agents as well. It has been suggested, how- 
ewr, that LV remodeling may be more affected by ACE 
inhibition than by other types of pharmawlogic treat- 
ment." Apart fmm the unloading action similar to that 
of most antihypertensive agents, ACE inhibitors bave 
pecuiiar nonhemodynamic pmpdes, as they modulate 
both cellular hypemphy and collagen deposition, 
which are the main paihologic subshates of LVremodel- 
ing." 

Another limitation of the study was the relatively 
s m d  sample size of the groups of patients with distinct 
geomdc pattem. This factm prevented the use of a 
more powerful statistical andysis to asse& the strength 
of the association between long-term ACE inhibition 
and changes in LV geomeiry after adjusbnent for indices 
of disease severity or the use of diuretics. 

The addition of di~uetics in a subset of patients consti- 
hites a potential liitation of the study. Although the 
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results of multiple Mals and receG meta-analysis of 
several mahent  studies have asceriained that d i d c s  
have the least effect on LV mass compared with other 
antihypertensive a g e n t ~ , l ~ - ~ ~  the possibility exists that 
addition of chlorthalidone in some cases may have po- 
tentiated the effects of ACE inhibition. The subset of 

. patients who received only quinaprii throughout the 
study, however, exhibited reductions in LV mass index 
simila to those detecteà in patients treated with the 
combination of quinaprii and chlorthalidone. These 
hdings indicate that chlorthaìidone played a role in 
impmving the conkol of blood pressure but not h de- 
te- substantial morphologic cùanges; therefore, it 
seems reasonable to conclude that the effects of long- 
term treatment on LV morphology of the patients in this 
study should be ascribed mainly to quinaprii. 

The authors Malesci. Inc.. Firenze. Italy for helpful sug- 
gwstions rwgarding slatistical analysis. 
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