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ABSTRACT

The presence of Left Ventricular Hypertrophy (LVHp a patient with systemic hypertension de-
serves serious attention and makes its clinical ghasis a priority. Over the years various criteria
have been proposed for the electrographic (ECG)gifiasis of LVH and the sensitivity and specificity
of these criteria have been extensively studiedCaucasians. Recent evidence indicates that they are
inapplicable to people of African descent. Unliketecardiography (ECHO), the ECG is generally
available, cheap but has a lower sensitivity in elging LVH compared to echocardiography. This
study was conducted to evaluate ECG criteria agai2slimensional (2-D) guided M-mode echocar-
diography in the diagnosis of LVH in adult GambianSecondly, to determine the ECG criteria using
the Minnesota, Araoye, Sokolow and Lyon or Wolffiteria with the overall best accuracy for the
diagnosis of LVH. Two hundred and eight (208) coms#ive patients with systemic hypertension (BP
>140/90mmHg) with or without treatment and an age tolaed group of 108 non-hypertensive pa-
tients were enrolled from outpatient clinics. A gstonnaire was filled. All patients were investigat
with 2-D guided M-mode echocardiography and a standl 12-1ead ECG. Anthropometric measure-
ments were also taken. The gold standard was tharP®rmula to determine the left ventricular
mass index (of 125 g/frin males and 110 g/min females as the cut-off for LVH). Using this gl
standard the prevalence of echocardiographic LVH sv47.5% and 27.8 % in the hypertensives and
non-hypertensives respectively (P<0.01). By the dtegr Operating Characteristic (ROC) Curves
Sokolow and Lyon was nearest to the top left-harmtrer in the hypertensives with a distance of 6.6
cm. But in the non-hypertensives Wolff was near&sthe top left-hand corner with a distance of 8.5
cm. There was correlation between the Minnesotaadye, Sokolow and Lyon and Wolff ECG crite-
ria and echocardiographic left ventricular mass ied in the hypertensives (Spearman rho = 0.25 -
0.34, P < 0.01) but in the non-hypertensives tharas no correlation (P > 0.05). Sokolow and Lyon
criterion had overall best accuracy for the elect@rdiographic diagnosis of left ventricular hyper-
trophy in hypertensives and is further recommended use as such. But for non-hypertensives, the
Wolff criterion had overall best accuracy.
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INTRODUCTION e To evaluate ECG criteria against 2-
Non—cc_)mmunicable Qiseases (NCD§) are an dimensional guided M-mode echocardiogra-
emerging problem in the developing world phy in the diagnosis of LVH in adult Gam-
(World Development Report, 1993). It has been pians

argued that NCDs will become increasingly im-  To determine the ECG criteria (Minnesota,
portant causes of morbidity and mortality in those Araoye, Sokolow or Wolff) with the overall
parts of sub-Saharan Africa (sSA) where life ex-  pest accuracy for the diagnosis of LVH using

pectancy is increasing, and where increased stress penn convention formula as the gold stan-
and change in diet and smoking habits are occur- 45/q.

ring as a result of urbanisation (Feachatal,

1991; Mosleyet al, 1993). Cardiovascular dis- MATERIALS AND METHODS

eases, particularly systemic hypertension, arghjs is a descriptive study conducted at the Royal
recognised as important emerging NCDs in th&ictoria Teaching Hospital, Banjul and the Medi-

region (Akinkugbe, 1990). Hypertension is rap-a| Research Council (MRC) Laboratories, Fa-

idly becoming a major public health concern in5 5 Gambia. The participants were recruited in
sub-Saharan Africa (Swait al, 1993; Kaufman ' ; ;
- ' four and half months’ period (Mid January to

et al, 1993; Amoah, 2003; Cappuccit al, May 2000).

2004). Hypertensive target organ damage in-

cludes left ventricular hypertrophy (LVH), heartStudy Population: Patients with systemic hyper-
failure, ischaemic heart disease, arrhythmias arf@nsion but without (known) diabetes mellitus
sudden death, kidney failure, cerebrovasculadttending the hypertension clinic at the medical
accidents, retinopathy and central as well as p@ut-patients department of the Royal Victoria
ripheral vascular disease (Polmeal, 1977; Ak- Teaching Hospital were recruited consecutively.
inkugbe, 1990; Plange-Rhué# al, 1999). Previ- The clinic notes were verified to ensure that the
ously considered a useful adaptation to chronisystolic and /or diastolic blood pressures were
pressure overload, left ventricular hypertrophyequal to or greater than 140 and/or 90 mmHg
which results from hypertension is now estabrespectively at least on two separate occasions.
lished as a powerful, independent predictor ofhe hypertensive subjects were receiving mono-
fatal and non-fatal cardiovascular complicationsherapy or combinations of Bendrofluazide, Me-
and all-cause mortality in both men and womemhyldopa, Propranolol, Nifedipine, Hydralazine,
(Levy et al, 1990). In view of its prognostic im- and Atenolol.

pact, an argument could be made for the routi : : .
assessment of this intermediate end-point in eancf‘re non-hypertensives recruited were patients

patient with essential hypertension. LVH is besf tending the Gate Clinic of the MRC Laborato-

detected by echocardiography (ECHO). It is ext'es Faja_ra. They were cIinicaI.Iy diagnosed as
pensive and requires technical skills, and availh"jwIng minor infections (malaria, acute upper

able only at the leading hospitals or tertiary tieal respir.atory.tract infection and acute lower urina_ry
institutions in developing countries. In contrasf@ct infection). They had no cardiovascular dis-
electrocardiography (ECG) is cheap generall#2s€ and they were not diabetics.

available making it a cost effective diagnosticAll participants were 30 years and above.

alternative with which to detect and follow the

progression or regression of LVH in hypertensivéEXClUSiO_n Cf“e”ai Participan_ts with SyStemiC or
patients metabolic diseases, severe inter-current illnesses;

_ _ cardiovascular disease (excluding hypertension)
Left ventricular hypertrophy is a strong adversey |abile hypertension were excluded from the
factor for cardiovascular disease. The aims angudy. Morbid obesity with BMI > 35 kg/rhbe-

objectives of the present study are: cause echocardiography may be technically very
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difficult to perform were also excluded from theless than 140 and 90 mmHg respectively on 3

study. separate occasions. The values used in the analy-
sis were the re-check when the subject was
Questionnaire/Physical Examination booked for ECG 7-14 days later.

A questionnaire was administered by a field

worker using the appropriate local language. Thig&lectrocardiography

included items on demography and medical histhe subjects had the ECG recorded using a port-
tory (for example, hypertension). A physical ex-able Cardetté Excel 103 ECG machine. With the
amination was done by one physician. Detailsubject in the fasting state, lying supine and re-
included weight, height and cardiovascular signtaxed on a low pillow, the electrodes were placed
including pulse, blood pressure, jugular venouss originally described by Frank (Binder, 1961).

pressure and precordial findings. The stylus control was set at 20mm/mV and paper
speed at 25mm/s. It was regularly checked for
Anthropometry any technical faults such as damping and electri-

Weight was measured (to the nearest 0.1 kg) &l interference. The parameters used were
electric scales (Seccar70, CMS London), with checked measurements from the machine.
subjects wearing light clothes and without foot-

wear. The height was measured to the nearest Gzghocardiography

cm with footwear and head gear or cap off, using, 2-dimensional guided M-mode echocardiogra-
standardised statometers. Hip and waist circunphy was performed using a 3.5 MHz transducer
ferences were measured using a plastic tapsh Hitachi EUB — 405 ultrasound scanner. The
measure. Measurement was recorded to the neafjects were studied most commonly in the left

est 0.5 cm. lateral or partial left lateral position. The trans
ducer was tilted and rotated such that the guiding
Blood Pressure cursor line (on the 2-D image) was perpendicular

The blood pressure was measured on the left af® the inter-ventricular septum and the posterior

(according to manufacture’s instructions). Theyall to avoid over or under —estimation of the
lower arm was supported and the cuff was applieghickness. Left ventricular posterior wall thick-
to the upper arm at approximate heart level. Thgess was measured from the endocardial echo to
SUbjeCt was seated for at least five minutes. ﬁ]e edge of the acoustic epicardia| echo (Aﬁah
standard cuff size (12 cm x 24 cm) and a valig|, 1977). The inter-ventricular septum was
dated oscillometric automated dlgltal blood Presmeasured between its endocardial echoes. Dis-
sure machines (OmrdnHOM — 705 CP, Japan) tances, time and heart rate were recorded on po-
were used (Hammonet al 1996). A large cuff |aroid paper. The left ventricular end-diastolic
(15 cm x 32cm), (from the manufacturer) wasjiameter (LVEDD) was measured from the lead-
used for obese subjects whose upper arm circuniig edge of the anterior endocardium to the lead-
ference exceeded about 33 cm. The lower edge pfg edge of the posterior wall endocardium at end
the cuff was placed at least 2 cm from the antecugiastole. The left ventricular end-systolic diame-
bital fossa. Three readings were taken. A ﬁrSfer (LVESD) was measured from inner edge of
measurement was used to familiarise the subjegie anterior endocardium to the inner edge of the

with the procedure. The blood pressure was rgyosterior wall endocardium of the left ventricle at
peated twice at five minutes intervals, duringend-systole.

which the subject remained seated. The mean of o o L
the later two readings was used in the analysi-go maintain blinding/objectivity between ECG

(Mayet et al, 1994). The non-hypertensives hag®nd _echocardiographic measurements the echo-
both the systolic and diastolic blood pressure§ardiographs were performed before the ECGs,
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but where the schedule did not permit this, th®ata Management

findings of the ECG were unknown to the echoDatabase: All subjects had a data record or collec-
cardiographer. tion form and double entry was used. Data was
exported or transferred into Stata version 6.0 sta-
tistical package, Excel, and SPSS for statistical
analysis and graphics.

Definitions adopted for this study

1. Definition of hypertension is systolic blood
pressurez 140 and/or diastolic blood pres- o . ) )
sure= 90.mmHg in subjects who are not tak-Statistical Design and Analysis: For continuous

ing antihypertensive medication. variables, the mean and standard deviation were
2. Overall Obesity is Body Mass Index (BMI) used and were compared using standard t-test /
> 30 kg/nf. ANOVA because the data were normally distrib-

3. Central Obesity or High Waist Hip Ratio uted. Discrete variables were analysed using

(WHR) is WHR > 0.9 for males and > 0.g P€arson chi squared test. For continuous vari-
for females ables, the estimates were for difference in means

4. Electrocardiographic LVH Criteria with 95% confidence intervals.
a) Sokolow and Lyon: S\ RVs or RV The Minnesota, Araoye, Sokolow and Wolff cri-

> 35 mm teria which are either popular world-wide or
b) Minnesota: RYor RV > 26 mm based on African populations were studied using
c) Araoye: SV + RV; > 40 mm (for Penn convention formula left ventricular mass
males) index as the gold standard to choose the criterion
SV + RV > 35 mm (for females) with the overall best accuracy for the diagnosis of

d) Wolff SV, + RVsor RV > 30 mm LVH.

5. Echocardiographic LVH Criteria The Receiver Operating Characteristic (ROC)

Penn convention / Formula: Left ventricular masgurves were drawn for the hypertensives and non-

(PLVM) (9) hypertensives using the sensitivity and 100 —
= 1.04 {(IVSTD + LVPWTD + LVEDDY- specificity per cent values. The distances of the
LVEDD® - 13.6 various criteria from the top left — hand corner
IVSTD - Interventricular septal thickness at endwere measured in centimetres to the nearest
diastole 0.1cm.

LVPWTD - Left ventricular posterior wall thick- ) ) )

ness at end-diastole Ethical Considerations: The study was approved
Penn left ventricular mass indexed to body su?y The Gambia Government / MRC Ethical Com-
face area (PLVMI) (g / R) mittee. Informed signed or thumb printed consent
Body Surface Area (nf) = V{Weight (kg) x Was obtained from each subject after careful ex-
Height (cm)}/3600 planation and consideration.

Penn left ventricular mass index (PLVMI) =

PLVM / BSA RESULTS

Two hundred and eight hypertensives (70 males)
and 108 non-hypertensives (39 males) gave con-
sent and had a complete data set and were used
for analysis. The mean duration of hypertension
was 8.02 years. It ranged from two weeks to forty
(Compendium of ESC Guidelines 2007, 2007) years. There were twice as many females as
The LVH was defined as such because the prograles in both the hypertensive and non-
nostic value of such a limit in uncomplicated subhypertensive groups. Four and one of the hyper-
jects with hypertension is the most widely quotedtensives and non-hypertensives respectively had

Penn left ventricular echocardiographic LVH
defined by:

PLVMI > 125 g / m? in males and PLVMI > 110
g/ m?in females
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complete left bundle branch block (CompleteWolff) and Penn formula left ventricular mass
LBBB) and were excluded from analysis. None ofndex in the hypertensives. There was no signifi-
the participants had right bundle branch block ocant correlation between any of the ECG criterion
atrial fibrillation. and ECHO left ventricular mass index in the non-

Tables 1-6 outline the results and are self e)!jypertenswes.

planatory. There was no significant differenc - ] - .
between the age and height of the hypertensive\/sa“d'ty Dgta. The Vf"‘!'d'ty data show_t_hgt in the
ypertensives sensitivity and specificity were
%ighest in Wolff and Minnesota respectively and
In the non-hypertensives sensitivity and specific-
ity were highest in Wolff and Minnesota respec-
tively.
There were significant differences between the Y
two groups in all the ECG characteristics FronReceiver Operating Characteristic (ROC)
Table 3 there were no Significant differences irCurves: Figure 1 shows that in the hypertensive
the LVEDD (t = 0.32) and LVESD (t = -1.45) of group Sokolow and Lyon criterion was nearest to

the two groups. the top left corner and from Figure 2 Wolff was

From Table 4 there was significant Spearmafi€arestin the non-hypertensives.
rank correlation between all the ECG criteria
(Minnesota, Araoye, Sokolow and Lyon and

and non-hypertensives. However, the weigh
body mass index and systolic and diastolic bloo
pressures were significantly higher in the hyper
tensives than non- hypertensives.

Table 1: The clinical characteristics of the hypetensives (HBP) and non-hypertensives

(Non-HBP)
HBP Non-HBP Difference P
Mean (SD)  Mean (SD (95% Cl) (t or X test)

*No of patients 208 108

Age (years) 55.2 (11.6) 50.4 (12.1) 4.8 (-7.6t0-2.1) < 0.01(t)
*Age range (yr) 27 -85 31-80

*Sex M / F 70/138 39/69 0.90 &)
% F 66 64

Weight (kg) 73.6 (16.7) 65.9(13.6) -7.7(-11.4 to — 4.0) < 0.01(t)
Height (m) 1.64 (0.08) 1.64 (0.09) 0.0 (-0.02 to 0.02) 0.90(t)
BMI (kg/m ?) 275 (6.3) 24.5 (5.4) -3.0(-4.41t0 1.6) < 0.01(t)
SBP (mmHg) 148 (27) 116 (13)  -32.2 (-37.7 to -26.8) < 0.01(t)
DBP (mmHg) 89 (14) 72(9) -16.8 (-19.6 to -26.8) < 0.01(t)
BSA 1.82(0.22) 1.73(0.19) -0.09 (-0.14 to —0.04) <0.013)
*BMI 2 30 64 /208 18 /108 0.05 6(2)
*HIGH WHR 158/ 208 62 /108 <0.01 3

t = Two sample t test with equal variangé= Pearson chi squared

P = statistical significance of difference BSA(m Body Surface Area

BMI = Body Mass Index BM# 30 (kg / M) = General obesity

WHR (Waist Hip Ratio) HIGH WHR = WHR > 0.9 for nembnd > 0.8 for females
SBP = Systolic Blood Pressure DBP = Diastolic Bld@ssure.

*Number
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DISCUSSION age group. The non-hypertensives showed high
In this study standard 12—-lead ECG was done iQRS voltages thus confirming previous reports in
adult Gambians attending clinic with and withoutAfricans (Matekoleet al, 1993; Scott 1973;
hypertension. The selection of patients aged 2B’Arbela et al, 1972). It also confirmed the volt-
years and above was because essential hypertaige difference between Caucasians and Negroes.
sion is rarer and tends to be labile in the youngdfor instance, Sokolow and Lyon (1949) observed

Table 2: The ECG characteristics of the hypertensies (HBP) and non-hypertensives (Non-HBP)

HBP Non-HBP Difference P

Mean SD) Mean (SD) (95% CI) (t or X2 test)
*No 208 108
SV; Amp (mm) 14.2 (7.7) 10.9 (5.0) -3.2(-49to— <0.01(t)

1.61

SV, Amp (mm) 14.7 (8.6) 12.9 (5.9) -1.8(-3.6 to-g).O) < 0.01(t)
RVs Amp (mm) 21.6 (9.7) 15.9 (5.2) -5.2(-7.2t03.2) <0.01(t)
RVe Amp (mm) 16.1 (8.1) 11.7(3.9) -4.4(-6.0t0-2.8) <0.01(t)
*RV;s or RV 54 /208 2/108 <0.01 &9
> 26 (mm) (26.3%) (1.9 %)
*SV,+RVeg>45 (mm) 50/208 5/108 <0.01 &3
SV,+RVe>42 (mm) (24.1%) (4.7 %)
*SV1 + RVs or 88 /208 15/108 <0.01 &3
RV > 35 (mm) (42.5 %) (13.9 %)
*SV; + RVs or 119/ 208 39/108 <0.01 &9
RVs > 30 (mm) (57.5%) (36.8 %)
SV, Amp = SY Amplitude SYAmp = SY Amplitude
RVs Amp = RV Amplitude RYAmMp = RV Amplitude
*Number

Table 3: The echocardiographic characteristics of ypertensives (HBP) and Non-
hypertensives (Non-HBP)

HBP Non-HBP Difference P

Mean (SD) Mean (SD) (95% ClI) (t or 2 test)
*No 208 108
LVPWTD (mm) 12.0 (2.0) 10.2 (2.0) —1.8 (-2.5 to1L. < 0.01(t)
IVSTD (mm) 13.0 (3.2) 11.0 (2.8) -2.0(-2t08-1.2) <0.0L(t)
LVEDD (mm) 42.0 (7.1) 42.9 (5.3) 0.9(-06t00.2)  0.32()
LVESD (mm) 27.7 (74) 27.1(5.2) -0.6(-22t01.0)  0.45 (t)
PLVM (g) 234 (116) 182 (64) -52 (-76 to -28) <001
PLVMI (g/m?) 128.7(66.3) 104.7 (30.7) —24.0 (-37.5 t0-10.30) 0.&1(t)
*PLVMI LVH 99 /208 30/108 <0.01 §(2)
(Prevalence) (47.5 %) (27.8 %)

*Number
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mean RV of 11.8 mm in normal whites as com-mean RV of 18.2 mm (male) and 15.5 mm
pared with 15.9 mm in non-hypertensives in thigfemale). In this study, 15.8 mm (male) and 16.0
study (Table 2). This difference may be explainednm (female) were obtained. The difference be-
by factors associated with development or a mydween this study and Araoye’s may be explained
cardial disease at an early or residual stage &y differences in body size or case selection.
suggested by Betrandst al, (1995). Araoye, Araoye's hypertensives were referrals and the
(1998) in a matched study in Nigerians with 28&ontrols were asymptomatic healthy subjects,
hypertensives and 340 controls had even higher

Table 4: Correlation between ECG criteria and Penrformula left ventricular mass index
(PLVMI) in the hypertensives (HBP) and non-hyperensives(Non-HBP)

Spearman rank correlation (rho) P
Criteria
HBP Non-HBP HBP Non-HBP
Minnesota 0.34 0.13 <0.01 0.20
Araoye 0.30 0.07 <0.01 0.49
Sokolow 0.32 0.06 <0.01 0.54
Wolff 0.25 0.10 <0.06 0.33

Table 5: Validity data of the ECG criteria with Penn Formula as the gold standard in the
hypertensives and non-hypertensives

Hypertensives Minnesota Araoye Sokolow Wolff
(95% CI) (95% CI) (95% CI) (95% CI)
Sensitivity (%) 39.8 35.2 56.8 68.2
(True positive rate) (29.9-50.5) (25.5-4.2) (45829 (57.3-77.5)
Specificity (%) 87.7 85.9 714 53.1
(True negative rate) (78.8-92.8) (77.1-91.8) 3619.9) (42.8-61.3)
100 — Specificity (%) 12.7 14.1 28.6 46.9

(False positive rate)
Non-hypertensives

Sensitivity (%) 6.9 7.1 14.3 42.9
(True positive rate) (1.2-24.2) (1.2-25.0) (4.7633. (25.0-62.6)
Specificity (%) 100 95.9 86.5 66.2
(True negative rate) (93.9-100) (87.8-98.8) (781Y (54.2-76.5)
100 - Specificity (%) 0 4.1 135 33.8

(False positive rate)

Table 6: Receiver operating characteristic curve masurements

Criteria Minnesota Araoye  Sokolow  Wolff
HBP 7.9 8.5 6.6 7.3

Non-HBP 12.0 12.0 111 8.5

Measurements (cm)
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An ROC curve for sensitivity and 100-spe cificity values in LVH and HBP
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Figure 1: An ROC for sensitivity and 100-
specificity values in LVH and HBP

An ROC curve for sensitivity and 100-spe cificity values in LVH in non HBP
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Figure 2: An ROC for sensitivity and 100-
specificity values in LVH in non HBP

while in this study the subjects were enrolled
from routine clinics.

SV; + RVs or RV > 35 mm, a popular code for
LVH among the Whites (Betrand, 1995) achieved
100% specificity in the normal Whites but only
32% sensitivity in their HBPs with LVH (Murphy
et al, 1984). The following criteria were pro-
posed by Araoye, (1996Jsing the 12 lead sys-
tem:
1. SV, + RVs>40 mm (4.0 mV) (male)
SV, + RV > 35 mm (3.5 mV) (female)
2.  Flatorinverted T waves (“Strain pattern”)
in Vs or Vg
3. R>12mm (1.2 mV)

The cumulative sensitivity and specificity were
80% and 91% respectively for males 77% and
89% respectively for females. The overall per-
formance for the 12 lead system is a sensitivity of
78.5% with 91.2% specificity. In this study,
48.5% of the hypertensives and 14.2% of the non-
hypertensives had S\ RVs or RV > 35mm.
And the sensitivity and specificity using the
Sokolow and Lyon criterion were 61.9% and
66.1% respectively. The higher sensitivity and
specificity observed by Araoye may be ascribed
to its cumulative system.

Katibi, in his dissertation to the West African
College of Physicians found a much higher preva-
lence of ECG LVH for Sokolow and Lyon (71.7
%) and Araoye (56.7 %) in hypertensives as com-
pared to (42.5 %) and (24.1%) respectively ob-
tained in this study (Table 2).

Therefore, Minnesota, Araoye, Sokolow and
Wolff criteria which are either popular world-
wide or based on African populations were fur-
ther studied using Penn convention or formula
left ventricular mass index as the gold standard to
choose the criterion with the overall best accuracy
for the diagnosis of LVH.

In this study as compared to the two above, a lar-
ger sample size was used (hypertensives n = 208,
non-hypertensives n = 108). Penn convention for
left ventricular mass indexed to body surface area

Journal of Science and Technology, Vol. 29, No.April, 2009
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(PLVMI) with cut-off for echocardiographic the Wolff criterion should be preferred if the pa-
LVH as PLVMI > 125 g/r for males and 110 g/ tient is non-hypertensive. Other simple criteria
m? for females were adopted. The prevalence af.g. R\ > 18 mm or the Cornell, could be evalu-
echocardiographic LVH was 47.5 % and 27.8 %ated in further studies to improve the sensitivity
in the hypertensives and non-hypertesives respecf Sokolow and Lyon criterion which was slightly
tively. Significant correlation was found betweenabove 50%.

the ECG criteria and echocardiography. More aggressive control of hypertension in the

adult Gambian should be given a priority. Drugs
with good left ventricular regression efficacy,
uch as the angiotensin converting enzyme inhibi-
ors should be more widely used.

Test Performance of various ECG criteria for

LVH: In this study Wolff reached the highest
sensitivity in both the hypertensives (68.2 %) an
the non-hypertensives (42.9 %). Specificity was

highest by Minnesota in both the hypertenSiveiCKNOWLEDGEMENTS
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