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HYPERTENSION

Assessment of Left Ventricular Function by the Midwall Fractional
Shortening/End-Systolic Stress Relation in Human Hypertension
GIOVANNI e SIMONE, MD, FACC, RICHARD B. DEVEREUX, MD, FACC,
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Oljectives. This study examined left ventricular performance
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leaBy appropei g/end-ay

l left fuaction kas been
mom‘hiymlmmm pessibly due (o an artifsct of
mismatching endocardial tt--ldwnhl‘ruﬂoﬂm
ing to mean left ventricular end-systolic

Methods. S-ﬂudﬂlww(l“m.
324 men) and 140 normal sobjects (68 womes, 72 men) were
drawn from a large urban employed populstion. The fuvere
relations (p < 0.0001) of both echocardiographic endocardial and
midwall (ractional shorteniag (s end-sysiolic stress in 2ormal
-Mmudhdﬂ*hrﬂhdmhm
endocardial and midwall fractional sk

the 95th percestile of normal from 22% to 4% (p < 0.0001) and
fractional sheriening 25 2 perceat of predicted from 107% (p <
0.001 vs. 100% in mormolensive comirol subjects) to 95% (p <
0.0001; p < 0.001 vs. 101% in mermotensive control subjects).
Midwall shortening was below the Sth percentile of normal in 16%
of hiyperiensive patients instead of 2% with endocardial shorten-
ing(p <0.0001): Mﬂdbhc&rhoﬂtw
potionts and had concentric lelt veatricular

patients. Midwall shortening was calculated from an elliptic
model, taking into account the epicardial migration of the midwall

tisl subgroup of peticats with reduced left veatriculer function

during systole. who have concentric grometry of the left veatricle, a pattern
Results. Unolﬂdwﬂ“ ional sh i % with high risk.
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Left ventricular performance is d by the ferential fibers ible for shortening of the left

deviation of left ventricular chamber shortening from the
value predicted for a given level of end-systolic wall stress
(1-4). This method provides a measure of left ventricular
function that is independent of the influence of myocardial
afterload. Although deviations in preload also influence

ventricular short axis are located in the midwall between two
longitudinal shells responsible for the long-axis shortening
and twisting.

Left ventricular performance assessed using the relation
of endocardial fractional shortening to wall stress is often

venlricularshonening(s), it appears that end-systolic stress/
shortening relations in clinically stable subjects are princi-
pally affected by left ventricular contractility. In cllmcal
studies, left ventricular fractional shortening and

‘tobehigherinhypeﬂensivepuientswithor
without left ventricular hypertrophy than in normal adults
(2-4,7). The rehuvely high prevalence of increased and the

fraction have been measured at the endocardium, reﬂecung
chamber dynamics but not necessarily providing a direct
measure of myocardial fiber shortening (6); in fact, the
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low preval of d d left ventricular function in
smdses of patients with arterial hypertension may, however,
be artifactually influenced by relating endocardial shortening
to the average value of end-systolic stress across the thick-
ness of the left ventricular wall.

Recenlly, S‘nmuzu et al. (8) conﬁrmed tlm chamber

may
when left ventricular wall thickness is increased and re-
ported depressed systolic midwall shortening in a small
group of seven hypenensive patients with left ventricular
hypenmphy There is no information, however, about
whethar asing the physiologically more appropriate rmdwall
approach leads to different tusions about left !
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funcmnﬂlandenvcdﬂ'om docardial fy 1 sh i
lation-based studies. Ac-
r,ordmgly, we studied mldwall left ventricular mechanics ina
large sample of normotenswe and hypencnslve subjects to 1}
compare the p of h biects with super-
pormal or subnormal left ventncular function identified by

cither endocardial or midwall andl)ldcntlfy
the ¢l istics of hyp patients with dep
let. ventricular fanction by midwall shorteninglend-systol
stress relations.

Methods

Sebjects. The study group comprised 474 hypertensive
(68% male, 41% white, mean age 53 * 10 years, arterial
pressure 152 = 1794 = 11 mm Hg, body mass index 28
4kg/m®) and 14" rormotensive adults (52% male, 53% white,
mean age 44 * 13 years, arterial pressure 121 = 10/75 =
8 mm Hg, body mass index 25 = 4 kg/m?, all p < 0.0001)
drawn from a large employed population in New York that
has been previously reported in part (9,10). All subjects were
free of evidence of coronary or valvular heart disease or of
heart failure by clinical, electrocardiographic and schocar-
diographic examination and gave informed consent under
protocols approved in 1979 and regularly thereafter.

l’nudlm. Echocard:omphy was performed the same

g as blood collecti pletion of a 24-h urine
eollecuon Arterial blood pressum was measured at the first
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account the epicardial migration of the midwall during
systole, using 2 model similar to that commonly used to
calculate left ventricular mass, which assumes a spherical
geometry. Similar to the ellipsoidal model used by Shimuzu
et al. (8) to determine the physiologic position of the end-
diastolic midwall during systole, constant volumes of the
total left ventricular wall and of its inncr and outer halves
during the cardiac cycle were assumed. Thus,

(LVIDd + HdY ~ LVID& = (LVIDu + Hn)® - LVIDn",“
where LVID is ventricular internal dimension; d is end-
diastole; H is combined septal and posterior wall thickness;
and n is any moment during cardiac cycle. Analogously, the
inner ventricular wall sheli volume at end-systole can be
calculated as follows:

(LVIDd + Hd2)* - LVID&® = (LVIDs + HsR)® ~ LVID;;,]

where s is systole, From equation 2 the systolic thickness of
the inner shell can be calculated, allowing computation of
midwall shortening as follows:
(LVIDd + PWTd2 + IVSTd2) - (LVIDs + Hs®2) 3
LVIDd + PWTd2 + IVSTd2 - @

where Hs/2 is the estimated left ventricular inner shell
myocardial thickness at end-systole that takes into account
the migration toward the rdium of midwall Jeft ventric-

and fifth Korotkoff phases by arm cuff and mercury
eter, with the subject recumbent at the :nd of the echocar-
diographic study.

Laborstery tests, Plasma renm activity was determined
by radicimmu ly described (11). Serum
creatinine and 24-h unnnry sodium and polasslum in daily

were d using lytic tech-

nique.
Mﬁm Two-dimensionally targeted M-mode
dit ded on strip chart paper with the
subject in a partml Ieﬁ decubitus position. M-mode record-
ings were performed with the ultrasound beam at or just
below the tips of mitral valve leaflets, Strip chart tracings
were consecutively coded and interpreted in a blinded
manner by two observers. Septal and posterior wall thick-
ness and left ventricular chamber dimensions were d

ular fibers ftom end-dnstole to end-systole; PWTd and IVSd
are p wall and inter icular septal thick at
end-diastole.

Meridional end-systolic stress (ESS) was calculated using
cuff systolic blood pressure (SBP) at the end of echocardio-
graphic recordings in the following invasively validated
formula (20):

£55 0.334 x SBP x LVIDs .
PWTs x {1 + (PWTSLVIDs)} “l

The relation of brachial cuff systolu: blood pressure to

central end-systolic p was p ked in a

separate group of 72 and 92

suhjects wuh use or a high ﬁdehty, solid state stram gauge

1v oh

according to the American Society of Echocardiography and
Penn conventions (12,13). Standard methods were used to
calculate Jeft ventricular mass and endocardial fracti

Ng as an ap tion ter to mea-
sure simultancous blood pressure at the dicrotic notch of the
carotid pressure waveform, as previously reported (21). The

shortening (fmcuona.l shortening) (13-15). Stroke volume
was estimated using the Teichholz correction of the cube
formula (16) and used to calculate cardiac output and periph-
eral resi: left I }l stroke volume and
cardiac output determined by this method have been shown
to be accuratc in patients with symmetrically contracting
ventricles (17,18). The ratio of stroke index to pulse prassure
was used as an indirect measure of arterial compliance (19).
Midwall fractional shortening was calculated taking into

two were closely correlated (¢ = 0.91, bra-
chial systolic blood pressure = 1.21 x notch systolic blood
pressure + 7.13, p < 0.0001). In the same sample, end-
systolic stress values calculated using both brachial and
carotid notch blood pressure were even more closely corre-
lated with a near-zero intercept (r = 0.95; end-systolic stress
[brachial] = 1.26 x end-systolic stress [notch] + 0.81 x 10°
dynesiom?, p < 0.0001).

Circumferential end-systolic stress (CESS) was also esti-
mated at the midwall from M-mode tracings, using a cylin-




1446 DE SIMONE ET AL.

MIDWALL SHORTENING/STRESS RELATION IN HYPERTENSION

Table 1. Normal Relations »f Endocardial or Midwall Shotjgniqg to Estirrated Meridional and Circumt
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ial End-Systolic Stress

Relation

Equation r Value p Value

dial fractional (eFS) and idional ¢FS = 92.2 - 316 x log KXmESS x 10°) = 3.6% —0.76 < 0.0001
end-systolic stress (mESS)

ial fractional sh and ci ial ¢FS = 104.3 - 35.1 x log MHCESS x 10°) = 3.6% -0.83 < 9.0001
end-systolic stress (EESS)

Midwal] fraciienal shost=ning {mF3) 22d mesidional mFS = 20.3 - 0.038 x (MESS x 10% = 2.2% -0.33 < D907
end-systalic stress (mESS)

Midwall fractionai shortening and circumferemtial mF$ = 20,01 - 0.022 X (cESS x 19)) = 2.2% -0.28 < 0.001

end-systalic stress (cE3S)

dric model (22) previously used for clinical studies (23), in
which

X (LVIDs? + PWTs!
SHP x (LVID«2Y x {1 +

(LVIDsZ + PWIs2?
(LVIDs2 + PWTs)f - (LVIDs2)

¢ESS =
5

Relaticns of endocardizl and midwall fractional shortening to
both meridional and circumferential end-systolic stress were
iherefore examined, To evaluate left ventricular perfor-
mance lndep:nden!ly of end-systolic stress, the ratios be-
tween sk i lated from graphic mea-
surements and those predicted from meridional and
circumferential end-systolic stresses were calculated using
equations derived from our normal subjects (Table 1}.

To evaluate the relation between meridional and circum-
ferential end-systolic stress, these two variables were calcu-
lated from two-dimensional echocardiographic measurs-
ments in a different samiple of 50 normotensive and 50
hypertensive subjects (24), Meridional end-systolic stress
was closely rclaned to c:rcumferenual end- syslollc v.all
stress lated at the midwall by an i lid

h "

sion with midwall shortening. One-way analysis of variance
wnh the Dunnen post hoc test was used to compare the

hyp p with normal, supranor-
mal and low midwall left ventricalar function (between,
above and below the 95th and 5th percentile of normal in
refation 1o end-systolic stress, respectively) to the normal
adults. The Scheffé test was used for post hoc, interhyper-
tensive group comparison, Mean values were adjusted for
age by analysis of covariance.

Results
of endocardia) and midwall fractional sherfeni

w meﬁdioul end-systolic stress. Relations of endocardml

h ing to meridional end-systolic stress were
significant in both normal subjects (r = —0.76, p < 9.0001)
(Table 1) and hypertensive patients (r = ~0.77, p < 0.0001)
(Fig. 1). The relation of midwall fractional shortening to
end-systolic stress was also significant in both normal (r =
—0.33, p <0.0001) and hypertensive groups {r = —0.26, p<
0.0001) (Fig. 2), bul lhesc relations were less strong than

method (r = 0.81, p < 0.0001) (25). Fractional shonemng
expressed as a percent of the value predicted for calculated

those bet dial fr | st g and end-
systollc stress. This was due in part to the nan'ower range of

end-systolic stress was similar and closely correlated for
circumferential and meridional end-systolic stress (r = 0.72,
p < 0,0001).

To take inio account th different relations between body

size and three-dimensional volumes (such as that of the

dium) or one-di | lincar {26),
Ieﬂ ventricular chamber di ion was indexed for the first
power of height, whereas left ventricular mass was normal-
ized for height to the 2.7 power on the basis of results of a
recent multicenter study (27). Traditional normalizations for
body surface area are also reported to facilitate comparison
with previous reports.

Statistical analysis. Data are expressed as mean value *
SD. The chi-square statistic was used to assess differciices of
categoric variables between groups. Least-squares linear
correlation was used to study univariate relations between
variables. Log transformation of both circumferential and
meridional end-systolic stress was used in the

idwall than of shongmng values in
both ive and h b the
dcgree of scaiter of fractional shonemns about the regres-
sion line was lower for midwali than endocardial fractional
shortening in both normotensive subjects (SEE 2.2% vs.
3.6%) and hypertensive patients (2.7% vs. 4.3%). Relations
of shortening to circumferential end-systolic stress yielded
identical results (Table 1).

The ratios cf observed endocardial and midwall fractional
shortening to the values predicted for meridional end-
systolic stress in normal subjects (expresed as a percent)
were calculated in both normal and hypertensive groups.
These ratios were 100 + 10% and 101 = 12% in the normal
subjects for endocardial and midwall shortening, respec-
tively. Ratios of observed to predicted endocardial and
midwall fractional shortening in normal subjects foliowed
normal distributions. In the hypertensive group the ratio was
significantly increased compared with normal (p < 0.0001)

with endocardial shortening as the best fitting relation,
whereas this transformation was not needed in the regres-

for endocardial fractional shortening (107 = 14%) but signif-
icantly reduced (p < 0.001) for midwall fractional shortening
95 + 16%, p < 0.0001). The same analysis repeated using
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Figure 1. Relations between left ventricular endocardial fractionat
shortening (vertical axis) and meridional end-systolic stress (horizon-
tal axis) in normotensive adults (upper panel) and hypertensive
patients (ower panmel). Inverse relations are seen in both groups,
with data points for a substantial number of hypertensive patients
above the upper limit of the 95% confidence interval of the normal
relation (paralfel dotted fines).

circumferential end-s) stolic stress produced identical mean
values for the ratio of observed to predicted fractional
shortening.

Figure 3 compares the distributions of the ratios of
observed to predicted endocardial and midwall fractional
shortening in normal subjects and hypertensive patients. As
may be seen in Lhe upper panel, lhe distribution of observed
topl ional shortening was shifted to
!he right in hypertensive patients, with 22% above the 95th
percentile of normal. In contrast, the distribution of ob-
served to predicted midwall fractional shortening of most
hypertensive patients closely paralleled that in normal sub-
jeets, but a higher proportion of hypertensive patients ex-
hibited low values. Thus, the praportion of hypertensive
subjects above the 95th percentile of the normal distribution
(with evidence of supranormal left ventricular perfarmance)
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Figure 2. Relation between left ventricular midwall fractional short-
cnmg, (vertical ads) and meridienal end-systolic stress (horizontal
axis) in normotensive adults (upper pane!) and hypertensive patients
(lowsr panel). The inverse relations between midwall fractional
shortening and end-systolic stress are slat y and
exhibit a lower standard error of the estimate than those with
endocardial fractional shortening (see Fig. 1). Few data points for
hypertensive patients are above the normal 95% coafidence interval
(Yetween daited lnes), whereas about one-sixth are below the lower
liemit of the 95% confidence interval.

was statistically lower for observed to predicied midwall
shortening than endocardial shortening (5% vs. 22%, p <
0.001). Of 91 patients with high left veniricular endocardial
shortening, 71 (78%) had normai midwall left ventricular
function. Conversely, the proportion of hypertensive sub-
jects below the Sth percentile of the normal subjects in-
creased from 1.5% for endocardial fractional shortening to
16.5% (78 patients) with midwall fractioral shortening (p <
0.001). Using cil ferential stress to calculate observed to
predicted shortening ratios identified 79 patients {or 16.7%)
as having left ventricular performance below the 5th percen-
tile of normal subjects.
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exhlbn dm‘erent levels of the ratio of observed to predicted left

] um) Upper panel, The
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hlgher fractional shortening as a percent of prodlc(ed in hypenen
swe pat_ienls compared wnlh__normal adults, Lower pand

of observed to 3 midwall fractional is
lly similar in the nor ive and hy ive groups, with
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Charmrlzamn of hypertensive patients with depressed
Tefit The p of 78 hyperten-
sive patients wnh midwall fractional shortening below the
Sth percentile of normal in relation to meridional end-
systolic stress had endocardial fractional shortening (32 +
9%) that was slightly subnormal compared with normal
contro! subjects (35 + 5%, p = NS) and significantly lower
than in hypertensive patients with normal stress/midwall
shortening relations (36 + 6%, p < 0.0001). In this group of
patients, midwall shortening was depressed (12 = 2% vs.

18 = 2% in normal subjects ard 17 + 2% in hypenentlvs'
patients with normal
both p < 0.01). End-systolic meridional and clrcumferenual
wall stresses were statistically higher only in patients with
supranormal midwall left ventricular performance (86 + 31
and 171 £ 53 vs. 68 = 20 and 136 = 34 x 10° dynes/cm? in
normal subj p < 0.01), wh no statistical difference
from normal or each other was detected in the groups of
hypertensive patients with normal (77 % 25 and 156 * 44 x

10 dynes/cm’) or low (73 = 36 and 150 = 63 x
1 ?) midwall perf
TahleZshows the general char of hyp

patients with a midwall shortening/meridional stress relation
that revealed low or high left ventricular function compared
with both hypertensive patients with normal ventricular
function and normal subjects. Patients with reduced left
ventricular function tended to be older but did not exhibit
even trends toward statistical difference from the other
hypertensive subgroups with regard to gender, body size,
serum cmumnc or plasma renin levels or systolic blood
H , blood p was huher in
hyperlenswe with d § midwall left
lar performance than in pauents exhibiting high left ventric-
ular performance (p < 0.05).
Echocardiographic findings in normal subjects and in
hypertensive subgronps with normal, high and low midwall

Table 2, Characterization of Hypertensive Patients With Normal Versus Depressed Left Ventricular Performance

Hypertensive Subjects

Normal Normal LY Deprossed LV High LV

Subjects Performance P

(n = 140) =31 =78 (=2
Age (y) 4=z 53+ 104 519 LS o
MF 768 5023 5820 67
Systolic BP (mm Hg) 121« 10 151217 156 = 19* 151=7
Diastolic BP {(mm Hg) 75+8 L EBIY 9= 92 = 10t
Body mass index (kg/m?) A5x4l 219 : 45 06244 322
Serum creatinine (mg/dl) LI 024 11§ £ 0.22 123 2028 121202
Plasma renin activity (ng/ml per h) 2322 1919 1517 20=21
24-h urinary sodium excretion (mmol/day} 19 £ 55 14 =65 131 67 114 = 100
24-h urinary potassium excretion (mmoVday) FLEY. ] S6x2 5121 65+ 32

*p < 0.01 versus normal subjects (analysis of variance with Dunnett post hoc test). tp < .05 versus patients with depressed leR ventricular performance
(analysis of variance with Dunnett past hoc test). Data presented are mean value + SD adjusted for age (analysis of covariance) or number of subjects. BP =

blood pressure; F = feinale; LV = left ventricular; M = male.
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Table 3. Left Ventricular Geometry and Pump Function in Hypertensive Patients With Normal or Depressed Left Ventricular
Performance
Hypertensive Subjects
Normal Normal LV Depressed LV High LV
Subjects Perfc P
(n = 140) fn =373 (n=718 (0 =23}
Relative wall thickness 0.33 = 0.06 0.37 = .07+ 0.51 = 0.10¢ 0.28 = 0.03t}
LV mass index
gm’ 33498 5.5 2 204 9.4 £ 2158 39.2 + 10.0¢
o’ 76.1 + 20,1 100.0 = 24.9% 129.1 = 43¢ §5.8 = 1.2+
LV chamber (cm/m) 284 = 025 296 % 0.28 275+ 0.33 321 = 0.26¢
Stroke index {ml/beat per m?) 384276 0978 0.9 = 7.0 53.6 £ 8.0
Cardiac index (liters/min per m*) 282960 282 £ 06" 217 + 1.51* 358+ 0.72%
Total peripheral resistance (dynes - 5 - cm™> - m%) 3,09 = 763 3,368 = 333 4,568 = 1,283¢ 2,586 + S49*
Stroke index/pulse pressurz (mMmm Hg - m?} 082 =023 076 =0.25 0.55 x 0.17¢ 095 031

*p < 0.05 und 3p < 0.0, stotistical difference by analysis of variarce with the Dunnctt post hoc twst for comparison with normal subjects. #p < 0.05 with

Scheffé test versus patients with low lefl ventricular (LV} performance.

shortening in relation to their end-systolic stress ar2 shown
in Table 3. Left ventricular geometry in hyperiensive pa-
tients with low [eft ventricular function was characterized by
markedly higher left ventricular refative wali thickness and
mass than in normal subjects or in the other groups of
hypertensive patieats (all p < 0.01j. Cardiac index was
duced, peripheral resi: was markedly elevated, and
the stroke index/pulse pressure ratio was lower in patients
with reduced midwall function. Groups classified according
10 observed to predicted midwall shortening using circum-
ferential stress exhibited virtually identical characteristics.
Left ventricular midwall performance in hypertensive pa-
tients with different patterns of left ventricular geometry.
Among hypertensive patients, 63 exhibited concentric left
ventricular hypertrophy (relative wall thickness > 0.45, left
ventricular mass index > 50.12 g/m*7 as upper 95% limits of
a normal distribution) (Table 3) (27,28). They were compared
with the 50 hypertensive subjects with concentric feft ven-

tricular remodsling (velative wall thickness > .45, normal
left ventricular mass index); the 114 with eccentric left
ventricular hypertrophy (increased left ventricular mass
index., normal relative wall thickness); the 247 patients with
normal left ventricular geometry; and the 140 normal sub-
jects, Table 4 shows thai endocardial fractional shorteniug as
a percent of predicted was nearly normal in patients with
congentric hypertrophy, whereas it was higher in hyperten-
sive patients with normal geometry and eccentric ventricular
hypertrophy than in either normal subjects (p < 0.01) or
hypertensive patients with concentric remodeling or hyper-
trophy (all p < 0.0002). In contrast, midwall fractional
shortening as a percent of that predicted for end-systolic
stress was statistically lower in patients with concentric left
ventricular remodeling or hypertrophy than in normal sub-
jects (p < 0.01). whereas the patient groups with normal
geometry or eccentric hypertrophy were statistically indis-
inguishabie from normal

Tabie 4. Left Ventricular Mechanics in Normal Adults and Hypertensive Patients With Different Geometric Patterns

Lefl Ventricular Geomelric Paztern in Hypertensive Patienls

Normal Normal LV Concentric Eccentric Concenlric
Adults Geometry i
(n = 140} n=20 (n =50 @=114) (n =63}
Age {yD) ¥ 51 =100 59 55 10* 54x9°
LV mass index
gm?? 34298 B3Iz 68 4.0 % 6.9 600 = 10.8° 668 £ 16.6°
gm? 761 & 20.1 85.5 = 15,41 92.4 + 16.5° 1260 = 22.3¢ 1424 = 38.0°
Relative wall thickness 0.33 £ 0.06 0.35 £ 0.05* 0.50 = 0.06 0.36 = 0.05% 0.53 = 0.08*
Stroke index (mVm?) 84r76 394279 320 £ 63* 762 93% 15872
End-systolic stress (10° dynesicm®) 68 x 20 80 = 24t 55 =190 8 = 28° 6432
Endocardial fractional shortening (%) 3= Br6 9x7e Bz 36=9
Midwall fractional shortening (%) 18=4 17+2 152 1622 By
Observed/predicied endocardi %) W 109 = 12* JLCESK) 1o = 14* 98+ 14
Observedipredicted midwall shortering (%) 101 =42 wzn 402t 9713 2t

*p < 0.01 and tp < 0.05, statistical significance by analysis of variance wilh Dunnett test for comparison with normal subjects.
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Discussion

Use of echocardiography to assess left ventricular geo-
metric patterns in hypertensive patients is becoming increas-
ingly common (28), It has been suggested that hypertensive
patients undergo a limited two-dimensionally guided M-
mode echocardiographic study to assess left ventricular
anatomy and function (29). The present study was under-
taken to determine the impact of using the physiologically
more appropriate midwall left ventricular fractional shorten-
ing on the of left icular fi in human
hyp ion by echocardiographic stress/shortening rela-
tions, taking into the epicardial migration of the
midwall during systole (8).

Effect of using midwall shortening/s lations on as-

JACC Vol. 23, No. 6
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Ieft ventricular myocardial function than initially reported
{4,32).

Clinical implicati [E— )
of midwall left ventricular mechanics in hypertensive pa-
Uents prnv:des a method to study ventnculm' function in

without the p | artifact introduced
by estimation of left ventricular muscle shortening from
motion of the endocardial surface. Determination of midwail
left ventricular function also identifies an appreciable pro-
portion of patients with uncomplicated hypertension who
exhibit frankly reduced lefi ventricular myocardial perfor-
mance, associated with other markers of a high risk state and
reveals evidence of diminished systolic myocardial per-
forma.nce in hypertenswe pauenls with the geometric

deter

of left icular fonction. Our results indicate that
endocardial fractional shortening significantly overestimates
left ventricular myocardial performance in hypertensive
patients. Endocardial fractional shortening as a percent of
the value predicted for a given end-systolic stress in normal
adults identified 22% of patients with uncomplicated essen-
tial hypertension as having supranormal left ventricular
function. Most of these patients, however, were within the
normal range when left ventricular midwall mechanics were
considered, suggesting that using endocardial instead of
midwall shorteniug in previous studies may have resulted in
assessment of left ventricular chamber mechanics, not myo-
cardial performance (2,3,7). Most important, use of the
midwall fractional shoriening/meridional end-systolic stress
relation identified a substantial subgroup (78 of 474, or
16.5%) of hypertensive patients with depressed left ventric-
ular myocardial function. Relations of calculated circumfar-
ential end-systolic stress to midwall shortening closely par-
alleled those with meridional stress, and use of observed to
predicted midwall shortening in relation to either measure of
stress for identification of patients with depressed left ven-
tricular performance yielded identical resuits,

The group of p with relatively lower left icul
yocardial functi hibited other fe d with
high cardi risk in pi studies (30), includi

of ic left far hypertrophy or

remadeling.
We thank Visginia Burns for assi in of the
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