
CARDIOVASCULAR JOURNAL OF AFRICA • Vol 21, No 1, January/February 2010AFRICA 21

Cardiovascular topics

relationship between left ventricular geometric pattern 
and systolic and diastolic function in treated nigerian 
hypertensives
ADESEyE A AKINTUNDE, OLURANTI B FAMILONI, PATIENCE O AKINWUSI, O GEORGE OPADIJO

summary
Introduction: Despite a high worldwide prevalence of left 
ventricular hypertrophy among black patients, the associa-
tion of a specific left ventricular geometric pattern with left 
ventricular dysfunction is rare. The aim of this study was 
to explore the possibility of such an association in Nigerian 
hypertensives.
Methods: This was a retrospective study consisting of 188 
treated hypertensives. Echocardiography was used to allocate 
the patients to the following four groups: normal geometric 
pattern, concentric remodelling, eccentric hypertrophy and 
concentric hypertrophy.
Results: The mean age of the study population was 55.95 ± 10.71 
years. There were 75 females (39.9%). Concentric hypertro-
phy occurred in 72 (38.3%) patients and concentric remodel-
ling in 53 (28.2%). Only 30 (16%) had a normal left ventricu-
lar geometric pattern. Hypertensive subjects with eccentric 
hypertrophy had the lowest ejection fraction, fractional fibre 
shortening and left ventricular ejection time but these did 
not reach statistical significance. The mean left atrial dimen-
sion was highest in the subjects with eccentric hypertrophy. 
Conclusion: In this study population of treated Nigerian 
hypertensives, concentric remodelling and hypertrophy were 
the predominant left ventricular geometrical patterns.
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Left ventricular hypertrophy is an important determinant of 
adverse cardiovascular events in subjects with hypertension.1 

Racial predilection and associated cardiovascular disorders 
have been described, especially among blacks and African-
Americans.1,2 Left ventricular hypertrophy (LVH) is associated 
with increased prevalence of heart failure (both systolic and 
diastolic), aortic root dilation, arrhythmias, sudden cardiac death 
and cerebrovascular events.3-6 In the presence of systolic and/or 
diastolic dysfunction, many other cardiovascular events could 
occur, such as arrhythmias and sudden cardiac death.

Several authors have demonstrated an increased cardiovascu-
lar risk associated with increased left ventricular mass (LVM).7,8 
The processes that ultimately lead to heart failure, among other 
things, initially alter the left ventricular geometric pattern in 
various ways. Left ventricular geometric pattern is therefore an 
important prognostic factor in the epidemiology of cardiovascu-
lar diseases. 

Blacks have been noted to have an increased prevalence of left 
ventricular hypertrophy and increased associated cardiovascular 
risk. The association of geometric patterns with left ventricular 
systolic and diastolic function has not been well studied. The 
development of heart failure in hypertensives with LVH results 
from depressed left ventricular systolic function and/or diastolic 
dysfunction. The deleterious effect of left ventricular remodel-
ling may be an important determinant of progression to overt 
heart failure.9

The aim of this study was to determine any possible asso-
ciation between left ventricular dysfunction and left ventricular 
geometrical patterns in this population of treated Nigerian hyper-
tensives, using echocardiography.

methods
This was a retrospective study among adult hypertensive subjects 
(≥ 18 years) who had had complete echocardiographic examina-
tion as part of their work-up in a teaching hospital. Hypertension 
was diagnosed with standard protocols when blood pressure 
was ≥ 140/90 mmHg on at least two occassions.10 Only patients 
receiving antihypertensive therapy were included. The following 
information was obtained: gender, age at the time of the echocar-
diogram, weight, height, calculated body mass index (BMI), and 
concurrent treatment with antihypertensive medication. BMI was 
calculated as weight/height2 (kg/m2). 

In all patients, an abdominal ultrasound and urinalysis were 
performed. Echocardiography was done in all patients to docu-
ment the presence or absence of LVH and also to document 
the left ventricular geometrical pattern. These studies were 
performed as part of the initial evaluation of hypertension or as 
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part of the ongoing care of known hypertensive patients.
Echocardiography was performed on all the subjects using a 

Suis Apogee machine and a 3.5-MHz probe. Two-dimensional 
colour Doppler and pulse-wave Doppler were carried out. 
Echocardiography was done according to the American Society 
of Echocardiography guidelines.11 Two-dimensional guided 
M-mode echocardiograms were used for the measurement of the 
left ventricular internal dimension, interventricular septal thick-
ness and left ventricular posterior wall thickness during diastole, 
according to the American Society of Echocardiography guide-
lines.11

LVM was calculated from measurements of the left ventricle 
(LV) using the equation: 

LVM (g) = 0.81 [1.04 (interventricular septal thickness + 
posterior wall thickness + LV end-diastolic internal dimension)3 
– (LV end-diastolic internal dimension)3] + 0.6.12

LVM index (LVMI) was calculated as LVM/height (m).2.7 
Correcting LVM for height2.7 minimises the effect of gender, 
race, age and obesity on the validity of various parameters for the 
diagnosis of left ventricular hypertrophy.13,14 One adult criterion 
for LVH is LVMI > 51 g/m2.7. As reported by de Simone et al.,15 
adult patients with hypertension and LVMI > 51 g/m2.7 have been 
found to be at a fourfold greater risk of cardiovascular morbidity 
outcomes. LV geometry was determined after calculation of the 
relative wall thickness (RWT) using the formula (2 × posterior 
wall thickness)/LV end-diastolic internal dimension.16 RWT was 
considered abnormal if it was ≥ 0.45.16 

Four left ventricular geometric patterns were described: 
normal geometry, concentric remodelling, eccentric hypertro-
phy and concentric hypertrophy. LV geometry was defined as 
concentric hypertrophy (elevated LVMI and RWT), concentric 
remodelling (normal LVMI and elevated RWT), eccentric hyper-
trophy (increased LVMI and normal RWT) and normal geometry 
(normal LVMI and RWT). LV ejection fraction was calculated 
using Teichholz’s formula.17

Statistical analysis was done using the Statistical Package for 
Social Sciences, SPSS 15.0 (Chicago Ill.) Quantitative data were 
summarised using means ± standard deviation (SD) while quali-
tative data were summarised using percentages and proportions. 
The Student’s t-test and chi-squared test were used as appropri-
ate for intergroup comparisons. Values of p < 0.05 were taken as 
statistically significant. 

results
Table 1 shows the distribution of geometric patterns in the males 
and females in the study group. Abnormal geometry was more 

likely to occur among the males. Only 12.4% of males and 
21.3% of females had normal geometry. The commonest abnor-
mal geometry was concentric hypertrophy, occurring in 44.24% 
of males and 29.3% of females. As shown in Table 2, those with 
abnormal geometry were more likely to be older and had a longer 
duration of hypertension than those with normal geometry. They 
were also more likely to have a higher systolic and diastolic 
blood pressure than those with normal geometry. 

Table 3 shows the echocardiographic parameters in the study 
population. The mean left atrial dimension was highest among 
those with eccentric hypertrophy. Ejection fraction (EF) and frac-
tional shortening (FS) were lower among subjects with abnormal 
geometry compared with those with normal geometry, although 
it was not statistically significant. Mean iso-volumic relaxation 
time (IVRT) was highest among subjects with eccentric hyper-
trophy. 

The mean left ventricular ejection time was reduced among 
those with abnormal geometry compared with those with normal 
geometry. Left ventricular dimensions (in both diastole and 
systole), left ventricular mass (LVM), relative wall thickness 
(RWT) and left ventricular mass index (LVMI) were statistically 
different between subjects with normal and abnormal geometry, 
as shown in Table 3. As shown in Table 4, hypertensive subjects 
with abnormal geometry had reduced left ventricular systolic 
function, as evidenced by reduced aortic valve and left ventricu-
lar output velocity–time intervals.

discussion
LVH has been recognised as an important predictor of adverse 
cardiovascular events, such as malignant arrhythmias, sudden 
cardiac death, heart failure and coronary heart disease.18-20 
Abnormal left ventricular geometry has been shown recently to 
represent a subtle form of advanced LVH and is associated with 
systolic and diastolic dysfunction.21,22 These studies evaluated the 
prognostic significance of left ventricular geometrical patterns 
on the cardiovascular risk of hypertensive subjects. Concentric 
remodelling and concentric hypertrophy were reported in the 
Ochner studies to be associated with increased adverse cardio-
vascular risks.21 All-cause mortality has been reported to increase 
two-fold in concentric remodelling (similar to eccentric hyper-
trophy) and is further increased in concentric hypertrophy.22-24

This study demonstrated increased prevalence of left ventricu-
lar hypertrophy and abnormal left ventricular geometric patterns 
among treated Nigerian hypertensive subjects. This relatively 
increased prevalence has been documented among blacks worl-
wide.25,26 Concentric remodelling and concentric hypertrophy were 

TABLE 1. DISTRIBUTION OF LV GEOMETRY  
PATTERNS IN BOTH GENDERS

Male (n = 113) (%) Female (n = 75) (%) p

CH 50 (44.2) 22 (29.3) < 0.05*

CR 32 (28.3) 21 (28.0) > 0.05

EH 17 (15.0) 16 (21.3) > 0.05

N 14 (12.4) 16 (21.3) > 0.05

TOTAL 113 (100) 75 (100) < 0.05*

CR: concentric remodelling, CH: concentric hypertrophy, EH: eccen-
tric hypertrophy, N: normal geometry. *Statistically significant.

TABLE 2. CLINICAL CHARACTERISTICS OF  
LV GEOMETRY PATTERNS

Variable CH EH N CR ANOVA

Age 57.89 ± 9.7 54.5 ± 10.7 56.6 ± 11.0 51.5 ± 12.1 0.05

Duration 8.0 ± 8.43 5.53 ± 7.3 6.17 ± 7.22 4.35 ± 5.1 0.165

BSA 1.83 ± 0.18 1.79 ± 0.19 1.81 ± 0.16 1.87 ± 0.18 0.40

SBP 152.13 ± 24.1 147.6 ± 21.4 144.5 ± 27.9 134.9 ± 17.5 0.02*

DBP 89.8 ± 13.2 90.69 ± 10.8 88.2 ± 11.85 86.4 ± 7.6 0.361

CR: concentric remodelling, CH: concentric hypertrophy, EH: eccentric 
hypertrophy, N: normal geometry, BSA: body surface area (g/m2), SBP: 
systolic blood pressure (mmHg), DBP: diastolic blood pressure (mmHg). 
*Statistically significant.
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the commonest left ventricular geometric abnormalities in this 
study. This was similar to the findings from the Atherosclerosis 
Risk in Community (ARIC) study as reported by Fox et al.,27 
who demonstrated that 65% of their hypertensive cohort had 
either concentric hypertrophy or concentric remodelling. Several 
studies have shown that the increased prevalence of LVH among 
blacks may be due to genetic susceptibility during their develop-
ment.28-31 The association of hypertension with left ventricular 
hypertrophy therefore calls for more aggressive treatment to 
reverse the adverse cardiovascular risk associated with it.

Subjects with eccentric hypertrophy had the lowest ejection 
fraction in this study. Others have reported similar associations 
among hypertensive subjects.27 The haemodynamic changes 
associated with eccentric hypertrophy caused increased left 
ventricular diastolic and systolic dimensions (as shown in Table 
4) due to associated volume overload. This dilation of the left 
ventricle is an important risk factor for subsequent progressive 
reduction in left ventricular ejection fraction and heart fail-
ure. Those with eccentric hypertrophy also had the lowest left 
ventricular ejection time in this study. This was possibly due to 
ventricular chamber dilatation and consequently increased end-
diastolic volume. Hence, the left ventricular output decreases 
and ultimately and progressively may lead to the development 
of heart failure.

The aortic valve velocity–time interval is an echocardio-

graphic index of left ventricular output. It was lowest among 
those in this study with eccentric hypertrophy. Diastolic dysfunc-
tion including LV relaxation abnormality, pseudonormalisation 
(normal pulse wave of mitral valve inflow but with blunted or 
reversed pulmonary venous flow indicating increased left atrial 
pressure and restrictive filling) occurred in various LV geometric 
patterns. They have been associated with an additive effect on 
cardiovascular and all-cause mortality. 

In this study, left atrial dimension was highest among subjects 
with eccentric hypertrophy. This pattern is also associated with 
other indices of diastolic dysfunction such as abnormal IVRT 
and deceleration time. Left atrial dimension has been shown to 
be a good index of left ventricular diastolic dysfunction.32 

Although, the mean e/a ratio and deceleration time across 
the groups were not statistically different, the differing left atrial 
dimension is a good index of the presence of diastolic dysfunc-
tion among the subjects. These findings suggest that abnormal 
LV geometry (especially eccentric hypertrophy) was associated 
with systolic and diastolic dysfunction among treated hyperten-
sive Nigerians. In regional left ventricular function studies such 
as tissue Doppler studies, cardiac MRI may demonstrate more 
significant evidence of left ventricular dysfunction. 

It is important to note that LVH prevalence is still high, as 
revealed among treated hypertensive subjects. Similar studies 
from Ibadan, Nigeria also revealed a high prevalence of LVH 

TABLE 3. ECHOCARDIOGRAPHIC PARAMETERS FOR THE LEFT VENTRICULAR GEOMETRIC PATTERNS

Variable CH CR EH N p

EF 68.14 ± 15.74 68.73 ± 12.81 64.9 ± 19.22 71.15 ± 13.97 0.471

FS 34.8 ± 9.07 33.0 ± 8.95 31.74±13.01 37.92 ± 12.04 0.106

AOD 31.46 ± 4.5 31.0 ± 4.8 30.93 ± 4.51 29.62 ± 5.3 0.478

LAD 36.4 ± 6.06 33.36 ± 5.79 37.42 ± 9.92 33.6 ± 4.9 0.001*

SV 76.5 ± 29.23 45.16 ± 20.29 99.3 ± 36.1 71.87 ± 34.9 0.000*

MERAT 1.24 ± 1.65 0.94 ± 0.29 1.12 ± 0.57 1.13 ± 1.11 0.508

DT 208.5 ± 54.15 200.16 ± 47.7 192.7 ± 65.4 202.71 ± 55.2 0.310

IVRT 107.27 ± 28.3 100.4 ± 30.94 163.7 ± 29.61 102.47 ± 28.5 0.287

AVVmax 1.21 ± 0.31 1.19 ± 0.39 1.17 ± 0.25 1.18 ± 0.31 0.737

AVVTI 26.8 ± 25.2 20.89 ± 5.87 19.84 ± 4.39 23.06 ± 16.3 0.188

AVPGmax 6.26 ± 3.12 7.5 ± 11.67 6.4 ± 5.07 6.48 ± 6.9 0.71

AVVmean 0.78 ± 0.19 0.73 ± 0.18 0.73 ± 0.15 0.75 ± 0.17 0.371

LVET Dop 281.92 ± 46.5 274.37 ± 34.83 256.62 ± 61.3 293.12 ± 25.8 0.027*

LVPEP 97.25 ± 46.7 87.24 ± 29.5 102.7 ± 33.9 88.9 ± 20.6 0.234

LVSTI 0.34 ± 0.12 0.33 ± 0.12 0.40 ± 0.15 1.4 ± 0.46 0.140

LVDID 4.77 ± 0.66 3.83 ± 0.59 5.5 ± 0.94 4.7 ± 0.44 0.000*

LVISD 3.20 ± 0.83 2.7 ± 0.72 3.81 ± 1.48 2.95 ± 0.46 0.000*

IVSD 1.39 ± 0.23 1.27 ± 0.22 1.27 ± 0.21 1.07 ± 0.21 0.000*

PWTD 1.34 ± 0.18 1.20 ± 0.23 1.03 ± 0.16 0.87 ± 0.14 0.000*

LVM 269.25 ± 74.4 164.8 ± 38.6 264.94 ± 75.9 160.84 ± 36.0 0.000*

RWT 0.57 ± 0.09 0.65 ± 0.23 0.38 ± 0.09 0.38 ± 0.05 0.000*

LVMI 67.98 ± 17.5 41.44 ± 8.0 67.2 ± 19.17 38.23 ± 7.61 0.000*

CR: concentric remodelling, CH: concentric hypertrophy, EH: eccentric hypertrophy, N: normal geometry, BSA: body surface area (g/m2), SBP: 
systolic blood pressure (mmHg), DBP: diastolic blood pressure (mmHg), EF: ejection fraction (%), FS: fractional shortening (%), AOD: aortic 
root dimension (mm), LAD: left atrial dimension (mm), SV: stroke volume (ml), LVET (2D): left ventricular ejection time in 2-D echo (sec), 
MERAT: mitral e/a ratio, DT: deceleration time (sec), PHT: pressure at half time (mmHg), IVRT: isovolumic relaxation time (seconds), AVVmax: 
maximum aortic valve pressure (mmHg), AVVTI: velocity time interval of aortic valve (mmHg), AVPGmax: maximum aortic valve pressure gradi-
ent (mmHg), AVVmean: mean aortic valve pressure, LVET Dop: left ventricular ejection time with Doppler (sec), LVPEP: left ventricular pre-ejec-
tion pressure time (sec), LVSTI: left ventricular stroke–time interval gradient, LVIDD: left ventricular internal dimension in diastole (cm), LVISD: 
left ventricular internal dimension in systole (cm), IVSd: interventricular dimension in diastole (cm), PWTD: posterior wall thickness in diastole 
(cm), LVM: left ventricular mass (g), RWT: relative wall thickness, LVMI: left ventricular mass index (g/m2.7). *Statistically significant.
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and abnormal geometry among treated hypertensives. However, 
the study reported a higher prevalence among women.33 This 
was despite the use of antihypertensive drugs, although drug 
adherence and compliance were not assessed in this study. Only 
28% of newly diagnosed hypertensive subjects were shown to 
have normal left ventricular geometry in a study from the same 
centre.34 The management of LVH and abnormal geometry there-
fore seems to be an important therapeutic goal to prevent the 
progression of the condition.

Conclusion
This study further highlights the relatively increased prevalence 
of left ventricular hypertrophy and abnormal left ventricular 
geometric pattern among treated hypertensive Nigerian subjects. 
Hypertensive subjects with eccentric hypertrophy had reduced 
ejection fraction, fractional shortening and left ventricular ejec-
tion time than those with other geometric patterns. They also had 
increased left atrial dimension. Eccentric and concentric hyper-
trophy were the commonest forms of left ventricular geometry 
among the subjects. 

References
Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH. Relation of 1. 
left ventricular mass and geometry to morbidity and mortality in uncom-
plicated essential hypertension. Ann Intern Med 1991; 114: 345–352.
Zabalgoitia M, Ur-Rahman SN, Haley WE, 2. et al. Impact of ethnicity on 
left ventricular mass and relative wall thickness in essential hyperten-
sion. Am J Cardiol 1998; 81: 412–417.
Devereux, RB. Is the electrocardiogram still useful for detection of left 3. 
ventricular hypertrophy? Circulation 1990; 81: 1144. 
Verdecchia P, Carini G, Circo A, Dovellini E. Left ventricular mass and 4. 
cardiovascular morbidity in essential hypertension: The MAVI study. J 
Am Coll Cardiol 2001; 38: 1829–1835.
Verdecchia P, Porcellati C, Reboldi G, 5. et al. Left ventricular hypertrophy 
as an independent predictor of acute cerebrovascular events in essential 
hypertension. Circulation 2001; 104: 2039–2044.
Drazner, MH, Rame, JE, Marino, EK, 6. et al. Increased left ventricular 
mass is a risk factor for the development of a depressed left ventricular 
ejection fraction within five years: the Cardiovascular Health Study. J 
Am Coll Cardiol 2004; 43: 2207–2215.
Gardin JM, McClelland R, Kitzman D, 7. et al. M-mode echocardiographic 
predictors of six- to seven-year incidence of coronary heart disease, 
stroke, congestive heart failure and mortality in an elderly cohort (the 
Cardiovascular Health study). Am J Cardiol 2001; 87: 1051–1057.
Benjamin EJ, Levy D. Why is left ventricular hypertrophy so predictive 8. 
of morbidity and mortality? Am J Med Sci 1999; 317: 168–175.
Norton GR, Woodiwiss AJ, Gaasch WH, 9. et al. Heart failure in pressure 
overload hypertrophy. The relative roles of ventricular remodeling and 
myocardial dysfunction. J Am Coll Cardiol 2002 ; 39: 664–671.
Chobanian AV, Bakris GL, Black HR, 10. et al. for the National High Blood 
Pressure Education Program Coordinating Committee. Seventh report 
of the Joint National Committee on Prevention, Detection, Evaluation 
and Treatment of High Blood pressure JNC VII. Hypertension 2003; 
12:1206–1252.
Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regard-11. 
ing quantitation in M-mode echocardiography: results of a survey of 
echocardiographic measurements. Circulation 1978; 58: 1072–1083.
Devereux RB, Alonso DR, Lutas EM, 12. et al. Echocardiographic assess-
ment of left ventricular hypertrophy: comparison to necropsy findings. 
Am J Cardiol 1986; 57: 450–458.
deSimone G, Daniels SR, Devereux RB, 13. et al. Left ventricular mass 
and body size in normotensive children and adults: assessment of 
allometric relations and impact of overweight. J Am Coll Cardiol l992; 
20:1251–1260 
Daniels SR, Kimball TR, Morrison JA, Khoury P, Meyer RA. Indexing 14. 
left ventricular mass to account for differences in body size in children 
and adolescents without cardiovascular disease. Am J Cardiol 1995; 76: 
699–701.
De Simone G, Devereux RB, Daniels SR, Koren MJ, Meyer RA, Laragh 15. 
JH. Effect of growth on variability of left ventricular mass: assessment 
of allometric signals in adults and children and their capacity to predict 
cardiovascular risk. J Am Coll Cardiol 1995; 25:1056–1062.
Savage DD, Garrison RJ, Kannel WB, 16. et al. The spectrum of left 
ventricular hypertrophy in a general population sample: the Framingham 
Study. Circulation 1987; 75: 126–133. 
Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocar-17. 

TABLE 4. COMPARING CLINICAL AND ECHOCARDIO-
GRAPHIC PARAMETERS OF SUBJECTS WITH NORMAL 

GEOMETRY WITH THOSE WITH ABNORMAL GEOMETRY

Variables Normal geometry Abnormal geometry p

Age 51.48 ± 12.1 56.53 ± 10.3 0.05

Duration 4.4 ± 5.13 6.79 ± 7.9 0.273

BSA 1.87 ± 0.18 1.82 ± 0.18 0.127

SBP 134.92 ± 17.45 149.23 ± 24.01 0.009*

DBP 86.4 ± 7.6 89.62 ± 12.0 0.417

EF 71.15 ± 13.97 67.88 ± 15.7 0.342

FS 37.92 ± 12.04 33.75 ± 10.03 0.057

AOD 29.62 ± 5.27 31.15 ± 4.63 0.298

LAD 33.55 ± 4.90 36.16 ± 7.3 0.070

SV 77.97 ± 36.2 71.55 ± 34.90 0.242

LVET 303.27 ± 38.94 273.4 ± 65.52 0.265

MERAT 1.31 ± 0.80 1.12 ± 1.19 0.49

DT 197.2 ± 55.96 203.44 ± 54.6 0.859

IVRT 94.46 ± 22.97 104.73 ± 29.73 0.081

AVVmax 1.1 ± 0.19 1.19 ± 0.33 0.45

AVVTI 21.44 ± 4.92 22.24 ± 1.01 0.02*

AVPGmax 5.16 ± 2.22 6.74 ± 7.6 0.55

AVVmean 0.70 ± 0.14 0.76 ± 0.18 0.461

LVET Dop 293.12 ± 25.81 274.95 ± 47.59 0.158

LVPEP 88.94 ± 2.06 95.36 ± 4.04 0.360

LVSTI 1.40 ± 4.67 0.34 ± 0.13 0.032*

LVIDD 4.66 ± 0.44 4.62 ± 0.95 0.774

LVISD 2.95 ± 3.16 3.16 ± 1.07 0.597

IVSD 1.07 ± 0.21 1.33 ± 0.24 0.000*

LVM 160.84 ± 35.96 234.48 ± 81.84 0.000*

RWT 0.38 ± 0.05 0.56 ± 0.18 0.000*

LVMI 38.24 ± 7.61 59.16 ± 20.03 0.000*

CR: concentric remodelling, CH: concentric hypertrophy, EH: eccen-
tric hypertrophy, N: normal geometry, BSA: body surface area (m2), 
SBP: systolic blood pressure (mmHg), DBP: diastolic blood pres-
sure (mmHg), EF: ejection fraction (%), FS: fractional shortening 
(%), AOD: aortic root dimension (cm), LAD: left atrial dimension 
(cm), SV: stroke volume (ml), LVET (2D): left ventricular ejection 
time in 2-D echo (sec), MERAT: mitral e/a ratio, DT: deceleration 
time (seconds), PHT: pressure at half time (mmHg), IVRT: isovolu-
mic relaxation time (sec), AVVmax: maximun aortic valve pressure 
(mmHg), AVVTI: velocity time interval of aortic valve (mmHg), 
AVPGmax: maximum aortic valve pressure gradient (mmHg), AVVmean: 
mean aortic valve pressure, LVET Dop: left ventricular ejection time 
with Doppler (seconds), LVPEP: left ventricular pre-ejection pres-
sure time (sec), LVSTI: left ventricular stroke–time interval gradient, 
LVIDD: left ventricular internal dimension in diastole (cm), LVISD: 
left ventricular internal dimension in systole (cm), IVSd: interven-
tricular dimension in diastole (cm), PWTD: posterior wall thickness 
in diastole (cm), LVM: left ventricular mass (g), RWT: relative wall 
thickness, LVMI: left ventricular mass index (g/m2.7). *Statistically 
significant.



CARDIOVASCULAR JOURNAL OF AFRICA • Vol 21, No 1, January/February 2010AFRICA 25

in memoriam

diographic volume determinations: echocardiographic–angiographic 
correlations in the presence of absence of asynergy. Am J Cardiol 1976; 
37: 7–11.
Levy D, Garrison RJ, Savage DD. Prognostic implications of echocardio-18. 
graphically determined left ventricular mass in the Framingham Heart 
Study. N Engl J Med 1990; 322: 1561–1566.
Lavie CJ, Ventura HO, Messerli FH. Hypertension, obesity, left ventricu-19. 
lar hypertrophy, complex ventricular ectopic activity, and increased 
risk for sudden death: Review of Ochsner studies and the literature. J 
Cardiopulm Rehabil 1993; 13: 264–270.
Messerli FH, Ventura HO, Elizardi DJ, Dunn FG, Frohlich ED. 20. 
Hypertension and sudden death. Increased ventricular ectopic activity in 
left ventricular hypertrophy. Am J Med 1984, 77: 18–22.
Milani RV, Lavie CJ, Mehra MR, 21. et al. Left ventricular geometry and 
survival in patients with normal left ventricular ejection fraction. Am J 
Cardiol 2006; 97: 959–963.
Lavie CJ, Milans RV, Shah SB, Galliland YE, Bernal JA, Dinshaw H, 22. et 
al. Impact of left ventricular geometry on prognosis-A review of Ochner 
studies. Ochner J 2008; 8: 11–17.
Lavie CJ, Milani RV, Ventura HO, 23. et al. Left ventricular geometry and 
mortality in patients 70 years of age with normal ejection fraction. Am J 
Cardiol 2006; 98: 1396–1399.
Lavie CJ, Milani RV, Ventura HO, 24. et al. Disparate effects of left ventricu-
lar geometry and obesity on mortality in patients with preserved left 
ventricular ejection fraction. Am J Cardiol 2007; 100: 1460–1464.
Koren MJ, Mensah GA, Blake J, Laragh JH, Devereux RB. Comparison 25. 
of left ventricular mass and geometry in black and white patients with 
essential hypertension. Am J Hypertens 1993; 6: 815–823.
Gardin JM, Wagenknecht LE, Anton-Culver H, 26. et al. Relationship of 
cardiovascular risk factors to echocardiographic left ventricular mass 

in healthy young black and white adult men and women. The CARDIA 
study. Coronary Artery Risk Development in Young Adults. Circulation 
1995; 92(3): 380–387.
Fox ER, Taylor J, Taylor R, 27. et al. Left ventricular geometric patterns in 
the Jackson cohort of the atherosclerotic risk in communities (ARIC) 
study: Clinical correlates and influences on systolic and diastolic 
dysfunction. Am Heart J 2007; 153(2):238–244.
Adams TD, Yanowitz FG, Fisher AG, 28. et al. Heritability of cardiac size: 
an echocardiographic and electrocardiographic study of monozygotic 
and dizygotic twins. Circulation 1985; 71: 39–44.
Post WS, Larson MG, Myers RH, 29. et al. Heritability of left ventricular 
mass: the Framingham Heart Study. Hypertension 1997; 30:1025–
1028.
Harshfield GA, Grim CE, Hwang C, 30. et al. Genetic and environmental 
influences on echocardiographically determined left ventricular mass in 
black twins. Am J Hypertens 1990; 3: 538–543.
Arnett DK, Hong Y, Bella JN, 31. et al. Sibling correlation of left ventricu-
lar mass and geometry in hypertensive African Americans and whites: 
the hypergen study. Hypertension genetic epidemiology network. Am J 
Hypertens 2001; 14: 1226–1230.
Lavie CJ, Amodeo C, Ventura HO, 32. et al. Left atrial abnormalities indicat-
ing diastolic ventricular dysfunction in cardiomyopathy of obesity. Chest 
1987; 92: 1042–1046.
Adebiyi AA, Ogah OS, Aje AA, 33. et al. Echocardiographic partition 
values and prevalence of Left ventricular hypertrophy in hypertensive 
Nigerians. BMC Med Imaging 2006; 6: 4. 
Aje AA, Adebiyi AA, Oladapo OO, 34. et al. Left ventricular geometric 
pattern in newly presenting Nigerian hypertensives; an echocardio-
graphic study. BMC Cardiovasc Disorders 2006; 6: 4.

tribute to Prof tshimbi mathivha

The news of Prof Tshimbi’s untimely death shocked all who were 
closely associated with her and also the wider cardiology and 
medical community. 

Tshimbiluni Mavhangu Mathivha was born in Limpopo, 
South Africa in October 1961. She graduated with an MB ChB 
from the University of Natal Medical School (Nelsen R Mandela 
School of Medicine, University of KwaZulu-Natal) in 1985. In 
1992 she graduated as a Fellow of the College of Physicians 
of South Africa. Following this, she decided to pursue a career 
in cardiology and joined the cardiology training programme at 
Wentworth Hospital. During a subsequent year of training under 
Dr Celia Oakley at the Hammersmith Hospital in London, she 
acquired considerable experience in clinical cardiology and 
echocardiography. 

Tshimbi was appointed by the then Minister of Health, 
Dr M Tshabalala-Msimang as a member, executive member and 
vice chairperson of the Medicines Control Council, which she 
served with dignity. In February 2003, she was appointed head of 
Cardiology at the Steve Biko Academic Hospital and the Faculty 

of Health Sciences, School of Medicine, University of Pretoria. 
She actively participated in matters of the School of Medicine 
and served with dedication on numerous committees. 

Tshimbi treated all people with dignity and never had malice 
or said an ill word of anyone. She only saw the good in people, 
and this is what we will remember. She joined the Department of 
Cardiology at a critical time in its history, and was able to build 
it and get it re-accredited. She started training fellows in cardiol-
ogy and her efforts did not go unnoticed. In 2008 she received 
the CEO of Steve Biko Academic Hospital award, which goes to 
someone who has contributed exceptionally to the hospital. 

We will miss her contribution to our joint institution (hospital 
and university). We will miss her warm, dignified personality, 
her service to patients and the manner in which she interacted 
with us all. She had so much more that she wanted to achieve. 
May she rest in peace.

J Ker (jun)
University of Pretoria
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