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ABSTRACT

Objective To review the accuracy of electrocardiography
in screening for left ventricular hypertrophy in patients
with hypertension.

Design Systematic review of studies of test accuracy of six
electrocardiographic indexes: the Sokolow-Lyon index,
Cornell voltage index, Cornell product index, Gubner
index, and Romhilt-Estes scores with thresholds for a
positive test of 24 points or 25 points.

Data sources Electronic databases ((Pre-)Medline,
Embase), reference lists of relevant studies and previous
reviews, and experts.

Study selection Two reviewers scrutinised abstracts and
examined potentially eligible studies. Studies comparing
the electrocardiographic index with echocardiography in
hypertensive patients and reporting sufficient data were
included.

Data extraction Data on study populations,
echocardiographic criteria, and methodological quality of
studies were extracted.

Data synthesis Negative likelihood ratios, which indicate
to what extent the posterior odds of left ventricular
hypertrophy is reduced by a negative test, were
calculated.

Results 21 studies and data on 5608 patients were
analysed. The median prevalence of left ventricular
hypertrophy was 33% (interquartile range 23-41%) in
primary care settings (10 studies) and 65% (37-81%) in
secondary care settings (11 studies). The median
negative likelihood ratio was similar across
electrocardiographic indexes, ranging from 0.85 (range
0.34-1.03) for the Romhilt-Estes score (with threshold 24
points) t0 0.91 (0.70-1.01) forthe Gubnerindex. Using the
Rombhilt-Estes score in primary care, a negative
electrocardiogram result would reduce the typical pre-test
probability from 33% to 31%. In secondary care the
typical pre-test probability of 65% would be reduced to
63%.

Conclusion Electrocardiographic criteria should not be
used to rule out left ventricular hypertrophy in patients
with hypertension.

INTRODUCTION
Arterial hypertension is a major cause of coronary
heart disease, stroke, and heart failure. Several studies
have shown that left ventricular hypertrophy is an
important risk factor in patients with hypertension,
leading to a fivefold to 10-fold increase in cardio-
vascular risk,'” which is similar to the increase seen
in patients with a history of myocardial infarction.®
The presence of left ventricular hypertrophy, in addi-
tion to hypertension, thus has important implications
for assessing risk and managing patients, including
decisions on interventions other than antihypertensive
treatment, such as lipid lowering treatment and life-
style modifications.”® Accurate and early diagnosis of
left ventricular hypertrophy is therefore an important
component of the care of patients with hypertension.
Decisions about treatment should be based on
assessments of hypertensive target organ damage and
overall cardiovascular risk. The appropriate diagnostic
work-up of suspected left ventricular hypertrophy in
patients with hypertension is less clear, however.
More than 30 different electrocardiographic indexes
for the diagnosis of left ventricular hypertrophy,
based on the standard 12 lead electrocardiogram,
have been described. Many of the proposed indexes
have remained anecdotal, but others are commonly
used, including the Sokolow-Lyon index,’ the Cornell
voltage index,'? the Cornell product index,'" the Gub-
ner index,'? and the Romhilt-Estes scores."® However,
debate about their comparative diagnostic value
continues."'® We did a systematic review to clarify
the accuracy of different electrocardiographic indexes,
with empbhasis on their ability to rule out left ventricu-
lar hypertrophy in patients with arterial hypertension.

METHODS

Identification of studies

We searched Medline and (Pre-)Medline (PubMed
version) from 1966 to present (last update December
2005) and Embase (Ovid version) from 1980 to present
(last update December 2005) to identify observational
studies  that evaluated the accuracy of
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electrocardiographic indexes for the diagnosis of left
ventricular hypertrophy and established the presence
or absence of left ventricular hypertrophy with echo-
cardiography. We restricted our search to papers pub-
lished in English, German, Italian, Spanish, French,
and Portuguese. The search strategies are available
on request. Checks of the reference lists of relevant
studies and contacts with experts in the field comple-
mented the electronic searches.

Study selection

We included studies in asymptomatic patients with pri-
mary arterial hypertension in any type of healthcare
setting. Studies included patients on antihypertensive
treatment, patients with newly diagnosed hypertension
being evaluated for treatment, and patients in whom
treatment was withdrawn shortly before evaluation.
We selected the studies in a two stage process. Two
reviewers (DP and MB) independently assessed the
abstracts of all retrieved studies. We ordered all papers
considered to be potentially relevant by one reviewer
and made the final decision by using a checklist to
assess whether the criteria for inclusion had been met.
We included all studies that assessed the electrocardio-
graphic criteria in hypertensive adults against echocar-
diography (left ventricular mass indexed for body
surface area) for whom sufficient data to allow the con-
struction of the two by two table was available. We
excluded studies that compared patients with known
left ventricular hypertrophy with healthy controls
(diagnostic case-control studies).'” ** We also excluded
studies that used a reference standard calibrated
according to heart mass/body height and studies that
evaluated patients with concomitant left anterior fasci-
cular block and left bundle branch block.

Data extraction

We extracted data in duplicate, including the number
and characteristics of patients (mean age, distribution
of sex and ethnic groups, mean body mass index, and
smoking status), the healthcare setting (primary care
versus secondary care), the prevalence of echocardio-
graphically confirmed left ventricular hypertrophy,
the electrocardiographic indexes evaluated, and the
definition of the echocardiography threshold. We con-
structed two by two contingency tables for all electro-
cardiographic criteria reported in included articles.
The data extraction form had been piloted for other
diagnostic reviews and is described in detail
elsewhere."” We contacted first authors of eligible stu-
dies that reported insufficient data and asked them for
additional information.

Assessment of study quality

We assessed the methodological quality of papers that
met the eligibility criteria. We examined the methods
of patient selection and data collection, completeness
of descriptions of index and reference tests, complete-
ness of blinding, and the likelihood of verification
bias.!” "*2* We ranked studies as high quality if they

Definitions of six electrocardiographic indexes commonly
used in diagnosis of left ventricular hypertrophy

« Sokolow-Lyon index’—sum of SV1+RV5 or V6>3.5 mV

« Cornell voltage index?>—men: RaVL+SV3>2.8 mV;
women: RaVL+SV352.0 mV

« Cornell product?>—men: (SV3+RaVL)xQRS duration
22440 ms; women:
(SV3+(RaVL+8 mV))xQRS duration»2440 ms

o Gubner>—RI+SlI1225 mV

» Romhilt-Estes scores*>—excessive amplitude: 3
points (largest R or S wave in limb leads 220 mV or
S wave in V1 or V2 230 mV or R wave in V5 or V6 230
mV). ST-T segment pattern of LV strain: 3 points
(ST-T segment vector shifted in direction opposite to
mean QRS vector). Left atrial involvement: 3 points
(terminal negativity of P wave in V121 mm with
duration 20.04 s). Left axis deviation: 2 points (left
axis 2-30° in frontal plain). Prolonged
QRS duration: 1 point (20.09 s). Intrinsicoid
deflection: 1 point (intrinsicoid deflection in V5 or
V620.05 s). Two thresholds in use: positive if 24
points or 25 points

described the setting (for example, family physicians
referring patients to the clinic); collected data prospec-
tively, with enrolment of consecutive patients and
follow-up of all patients, including those who did not
have echocardiography; and provided details on echo-
cardiography and whether the assessor of the
echocardiography was unaware of the electrocardio-
gram result or vice versa (blinding). We ranked studies
asintermediate quality if they met four or five of the six
criteria, as low quality if they met only one to three of
the six criteria, and as very low quality if they met none
of the criteria.

Statistical analysis

We added 0.5 to each cell of all two by two tables that
included one or more zero cells. We calculated sensitiv-
ities, specificities, and likelihood ratios with their con-
fidence intervals. As the electrocardiogram will mainly
be used to rule out the diagnosis of left ventricular
hypertrophy, we were particularly interested in the sen-
sitivity and the likelihood ratio of a negative electrocar-
diogram result. The likelihood ratio of a negative test
indicates how likely it is to find a negative result among
people with left ventricular hypertrophy compared
with those without.*' The negative likelihood ratio is
calculated as (1-sensitivity)/specificity. It indicates to
what extent the posterior odds of left ventricular hyper-
trophy would be reduced if the test was negative. If the
prior odds is 1 and the negative likelihood ratio is 0.5,
the posterior odds will be 1x0.5=0.5. The likelihood
ratio of a positive test indicates how likely it is that a
positive result will be found among people with left
ventricular hypertrophy compared with those without;
it is defined as sensitivity/(1-specificity).> We
summarised results by plotting sensitivities and
specificities in the receiver operating curve space and
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by calculating medians, ranges, and interquartile
ranges.

RESULTS

Literature search

Our search identified 1761 citations. After exclusion of
duplicates and examination of the abstracts we consid-
ered 142 as potentially eligible, and after scrutinising
the full text articles we included 21 studies."'™*!
Figure 1 summarises the process of assessing and
selecting the studies. First authors provided additional
information on nine studies.*! w6 w10 w12 wi6-wl9 w2l

Study characteristics

The 21 studies included a total of 5608 (range 30-947)
patients. Table 1 details the characteristics and metho-
dological quality of the studies. Ten studies were done
in primary care and 11 in secondary care. Three studies
included only men; all others examined men and
women. The median prevalence of left ventricular
hypertrophy was 33% (interquartile range 23-41%) in
primary care settings and 65% (37-81%) in secondary

care. Three studies met all six methodological criteria
and were ranked as high quality. Another 11 studies
met four or five criteria and were ranked as inter-
mediate quality, whereas seven studies met two or
three quality items and were considered of low quality.
Table 1 lists the criteria met by different studies.

Electrocardiographic indexes

The 21 articles reported on 12 different electrocardio-
graphic criteria. We analysed in detail the six most
commonly used indexes, including the Sokolow-
Lyon voltage index,” the Cornell voltage and Cornell
productindexes,'”"" the Gubner index,'” and the Rom-
hilt-Estes score with two different thresholds.'® The
box shows definitions of these indexes.

Sensitivity, specificity, and likelihood ratios

Figure 2 shows the accuracy data for the six electrocar-
diographic indexes plotted in the receiver operating
curve space. For all indexes, most studies are located
in the bottom left corner of low sensitivity and high
specificity. Table 2 shows, for each of the 21 studies,

Table 1| Characteristics of studies of test accuracy of six commonly used electrocardiographic criteria for diagnosis of left ventricular hypertrophy

Study characteristics

Patient characteristics

Echocardiographic criteriafor ~ ECG criteria Methodological No of Meanage  Men Prevalence of
Study Setting LVH (mass index, g/m2) evaluated* criteria mett patients (years) (%) Ethnicity LVH (%)
Clementy, 1982%? Primary care Men and women 2120 A, B, E 3,4 56 47 61 Caucasian 39
McLenachan, Secondary care Men 2145; women 2110 A B, E 3,4,5 100 58 65 Caucasian 69
1988"2
Calaca, 1990"> Secondary care Men 2134; women 2110 C 3,4 56 55 52 Caucasian 52
Otterstad, 1991"* Primary care Men 2124 A CEH 2,3 100 46 100 Caucasian 48
Padial, 1991%° Secondary care Men 2131; women 2110 A, B, C 2,3,4,5,6 74 49 36 Caucasian 81
Vijan, 1991%¢ Secondary care Men and women 2115 AE LK 1,2,3,4,5 75 54 79 Caucasian 65
Lee, 1992 Primary care Men 2131; women 2110 A,B,CE 3,4,5,6 270 54 69 Black (US), 23
white (US)
Fragola, 1993"® Secondary care Men 2125; women 2112 A,B,CEH,I 1,3,4,5 200 51 62 Caucasian 35
Fragola, 1994"° Primary care Men 2125; women 2112 A CEH,I 1,3,4,5,6 100 50 62 Caucasian 26
Schillaci, 1994"*° Primary care Men 2128; women 2106 A,B,C,E,F,G,H, 1,2,3,4,5 923 51 50 Caucasian 34
|
Tomiyama, 1994“**  Primary care Men 2125 A CGE 3,4 77 - 100  Japanese 19
Crow, 1995%12 Primary care Men 2134; women 2110 A CED 1,2,3,4,5,6 834 55 61 Black (US), 15
white (US)
Casiglia 1996""3 Primary care Men 2134; women 2110 A CE 1,2,3,4,5,6 352 - - Caucasian 73
Kamide, 199614 Secondary care Men 2134; women 2110 AE 1,3,4,5,6 48 70 - Japanese 65
Domingos 1998"*>  Secondary care Men 2120; women 298 AB,CE 2,3,4 30 57 40 White, Afro- 83
Caribbean
Verdecchia, 2000"¢ Secondary care Men 2125; women 2125 A CEG,H 2,3,4,5,6 947 60 59 Caucasian 27
Chapman, 2001"Y”  Secondary care Men 2134; women 2110 A C 1,3,4,5 386 48 49 White, Afro- 37
Caribbean,
other (UK)
Sundstrém 2001"*®  Primary care Men 2150 A, C,D,H 1,3.4,6 212 70 100  Caucasian 41
Wong 2003%%° Secondary care Men 2134; women 2110 ACD 1,3,4,5 47 46 - Caucasian 51
Martinez 2003%*°  Primary care Men 2134; women 2110 C 1,3,4,6 250 49 47  Caucasian 32
Salles 2005%2* Secondary care Men 2116; women 2104 ACD 1,2,3,4,5,6 471 60 28  White, Afro- 81
Caribbean

ECG=electrocardiogram; LVH=left ventricular hypertrophy.

*A=Sokolow-Lyon index; B=Gubner index; C=sex specific Cornell voltage; D=sex specific Cornell product; E=Romhilt-Estes score; F=Framingham

strain; I=left atrium enlargement; K=Sokolow-Lyon index and left ventricular strain.
t1=consecutive enrolment; 2=prospective design; 3=clear description of technique; 4=clear definition of cut-off levels; 5=blinded assessment of electrocardiogram; 6=blinded assessment of

echocardiography.

criteria; G=Perugia score; H=left ventricular
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Citations identified from electronic searches (n=1761):
Medline (n=631)
Embase (n=1130)

Citations from reference lists (n=22)

Citations excluded after screening
titles, abstracts, or both (n=1619)

Primary articles retrieved for detailed evaluation (n=142):
From electronic searches (n=120)
From reference lists (n=22)

Articles excluded (n=121):

No diagnostic cross sectional studies (n=47)

Evaluation of non-hypertensive patients (n=50)

Reference standard: wall thickness in
echocardiography (n=4)

Reference standard: left ventricular mass in
echocardiography indexed for body height (n=1)

Reference standard: cardiac MRI (n=1)

Reference standard: autopsy (n=6)

Other electrocardiographic criteria assessed (n=3)

No data to construct two by two table for standard
thresholds (n=6)

Diagnostic case-control study (n=1)

Overlap of study populations (n=2)

Primary articles included in systematic review (n=21)

Fig 1| Flow chart of study selection process. MRI=magnetic
resonance imaging

the number of true positives, false positives, false nega-
tives, and true negatives, along with the corresponding
sensitivities and specificities. The median sensitivity
ranged from 10.5% (range 0-39%) for the Gubner
index to 21% (4-52%) for the Sokolow-Lyon index.
Median specificity ranged from 89% (53-100%) for
the Sokolow-Lyon index to 99% (71-100%) for the
Rombhilt-Estes (five points) score.

Figures 3 and 4 show forest plots of the negative and
positive likelihood ratios. The median negative likeli-
hood ratio was similar across electrocardiographic
indexes, ranging from 0.85 (range 0.34-1.03) for the
Rombilt-Estes score (four points) to 0.91 (0.70-1.01)
for the Gubner index. More variation existed in the
positive likelihood ratio, which ranged from 1.90
(0.16-25.9) for the Sokolow-Lyon index to 5.90 (0.71-
18.2) for the Rombilt-Estes score (four points). Using
the median likelihood ratios from the Rombhilt-Estes
score (four points) in primary care, a negative electro-
cardiogram result would reduce the typical pre-test
probability of 33% to 31%, whereas a positive electro-
cardiogram would increase it to 74%. In secondary
care, the typical pre-test probability of 65% would be
reduced to 63% or increased to 92%.

DISCUSSION

This systematic review of studies of the accuracy of
diagnostic tests found that the accuracy of electrocar-
diographic indexes in the diagnosis of left ventricular
hypertrophy is unsatisfactory. In particular, none of
the more recent and more sophisticated indexes is
clearly superior to the Sokolow-Lyon index, which
was developed in 1949.° Irrespective of the index

used, the electrocardiogram is a poor screening tool
to exclude left ventricular hypertrophy in hypertensive
patients in primary and secondary care settings. Of
note, specificity was reasonably high in most studies,
but because sensitivity was low the power to rule in left
ventricular hypertrophy was also unsatisfactory, and
the electrocardiogram cannot be considered a
“SpPIn” (specific, positive, in) test for the diagnosis of
left ventricular hypertrophy.?!

Strengths and limitations

We did a comprehensive literature search, selected stu-
dies according to pre-defined criteria, and appraised
the methodological quality of studies. We acknowl-
edge that we may have missed some studies, but their
inclusion is unlikely to have changed our conclusions:
empirical research suggests that unpublished studies of
test accuracy are small and show lower diagnostic
accuracy.”* We excluded diagnostic case-control stu-
dies, which are known to overestimate accuracy,'”'®
as well as studies that did not index ventricular mass
for body surface area. We also excluded studies that
evaluated patients with concomitant left anterior fasci-
cular block and left bundle branch block, because these
patients usually need further examinations and referral
irrespective of left ventricular hypertrophy. We sum-
marised the evidence by calculating medians, rather
than combining data in meta-analysis. We believe
that a formal meta-analysis would have added little in
this situation. Similarly, we thought that further
exploration of potential sources of heterogeneity was
not warranted. The published data did not allow direct
comparisons of test accuracy between the different
indexes. More importantly, we did not identify any
randomised comparisons of diagnostic and treatment
strategies and assessed clinical end points.

Implications for clinical practice

Although many hypertensive patients have electrocar-
diographic testing for other reasons, electrocardio-
grams should not be done specifically to exclude left
ventricular hypertrophy in patients with hypertension.
A comprehensive assessment of cardiovascular risk is
important to guide decisions on therapeutic inter-
ventions in these patients, and referral for echocardio-
graphy may be justified in some patients. Referral for
specialist examinations and care is often based on high
cardiovascular risk scores, but echocardiography may
be more informative in hypertensive patients who, on
the basis of age, sex, smoking history, and blood lipids,
are at low or intermediate risk. In patients known to be
at high risk, echocardiographic findings will often not
affect clinical management, because interventions to
reduce risk, such as example lipid lowering treatment,
smoking cessation, and dietary modification, are
already in place.

Recommendations from current guidelines differ.
The 2003 European Society of Hypertension-
European Society of Cardiology guidelines
recommend echocardiography in patients in whom
target organ damage is not discovered by routine
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Table 2 | Results from test accuracy studies of electrocardiographic indexes in diagnosis of left ventricular hypertrophy: raw data
from two by two tables, sensitivity, and specificity

Index/authors True positives False positives False negatives True negatives Sensitivity (%) Specificity (%)
Sokolow-Lyon

Casiglia"*? 30 14 228 80 12 85
Crow™? N 10 B 19 N 118 B 687 N 8 B 97
Chapman*?’ 37 38 105 206 26 B 84
Clementy™ B 8 B 0 B 14 B 34 B 36 100
Domingos"*® 10 0 15 5 40 100
Fragola™® N 20 N 14 N 49 N 117 N 29 N 89
Fragola"® 4 6 22 68 15 92
Kamide" 11 5 20 12 35 71
Lee"” B 9 B 30 B 52 B 179 B 15 B 86
Mclenachan™ 36 B 2 n 33 B 29 N 52 B 94
Otterstad™ B 14 B 5 B 34 B 47 N 29 B 90
Padial*® 8 2 52 12 13 86
Salles"?* B 75 - 13 - 308 - 75 - 20 - 85
Schillaci®*® 64 69 248 542 21 89
Sundstrom™® 27 B 18 B 60 B 107 N 31 B 86
Tomiyama™** 6 29 9 33 40 53
Verdecchia*'® 41 50 217 639 16 93
Vijanve N 8 N 0 N 41 N 26 N 16 N 100
Wong"*? 1 6 23 17 4 74
Cornell voltage B B B B B -

Calaca™? 12 2 17 25 41 B 93
Casiglia**? B 10 B 0 B 67 B 51 N 13 100
Chapman*?’ 31 23 111 221 22 91
Crow"? B 15 B 28 B 113 B 678 - 12 - 9
Domingos"*® 3 0 22 5 12 100
Fragola"® 16 5 53 126 23 96
Fragola™® 2 5 24 69 8 93
Lee"” 6 6 55 203 10 97
Martinez"2° B 15 B 5 B 64 B 166 B 19 B 97
Otterstad"? 1 0 47 52 2 B 100
Padial"® B 9 B 1 B 51 B 13 N 15 93
Salles"? 93 10 290 78 24 89
Schillaci**® 49 18 263 593 16 97
Sundstrom™® 14 B 14 B 73 N 111 N 16 B 89
Tomiyama™? 1 1 14 61 7 98
Verdecchia™® 52 - 62 - 206 - 627 - 20 - 91
Wong"*? 2 0 22 23 8 100
Cornell product N N N N N N

Crow"*? 14 23 114 683 11 97
Salles"2! B 122 B 13 B 261 B 75 - 32 - 85
Sundstrom"'® 24 21 63 104 28 83
Wong"1 N 2 N 0 N 22 N 23 N 8 N 100
Gubner

Clementy"! 1 2 21 32 5 94
Domingos™> 7 N 1 N 18 N 4 N 28 N 80
Fragola"® 8 5 81 126 9 B 96
Lee" B 3 B 9 - 58 - 200 - 5 96
McLenachan*? 27 4 42 27 39 B 87
Schillaci*'® B 38 B 16 B 274 B 595 N 12 97
Verdecchia™® 33 B 28 B 225 B 661 N 13 B 96
Padial*® B 0 B 0 B 60 B 14 N 0 B 100
Rombhilt-Estes (threshold 24 points)

Clementy"? 15 2 7 32 68 94
Fragola"’ N 2 N 8 N 24 N 66 N 8 B 89
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McLenachan*? 35 2 34 29 50 94
Schillaci**® 55 6 254 608 18 99
Tomiyama*!? 1 2 14 60 7 97
Vijan"® B 10 1 B 39 B 25 B 20 96
Crow"'2 20 17 108 689 16 98
Casiglia"*? 41 14 217 80 16 85
Romhilt-Estes (thre;old 25 points) - N -

Clementy"? 9 1 13 33 41 97
Domingos"*® 3 0 22 5 12 100
Fragola"® 10 0 59 131 14 100
Fragola™? 1 1 25 73 4 99
Lee"” 4 6 57 203 7 97
Schillaci*'® B 46 3 B 263 B 611 B 15 99
Verdecchia®*® 21 24 237 665 8 97
Kamide" 5 5 26 12 16 71
Otterstad™* B 0 B 0 B 48 B 52 B 0 B 100

See box for definitions of indexes.

electrocardiography.” The 2004 guidelines from the
British Hypertension Society state that echocardio-
graphy is not required routinely but is valuable to con-
firm or refute the presence of left ventricular
hypertrophy when the electrocardiogram shows
high left ventricular voltage without T wave
abnormalities.?® In the United States, the seventh
report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7) recommends routine electrocardio-
graphy but makes no mention of echocardiography.*’

The evidence on the capacity of various anti-
hypertensive agents to decrease left ventricular hyper-
trophy is limited. Several studies have shown a

Sokolow-Lyon Cornell voltage
& 100
z
3 75
B 50 @
@ 8 o ° e

Cornell product Gubner
K 100
z
"
w50
2 )
]
» % °
0o ® &
= 100 Romhilt-Estes (four points) Romhilt-Estes (five points)
9
2 75
:E °
2 50 @
g (*)
25
Qe °
o ©° ,

0 25 50 75 100 O 25 50 75 100

1-specificity (%) 1-specificity (%)

Fig 2 | Receiver operating curves of six commonly used
electrocardiographic indexes for diagnosis of left ventricular
hypertrophy. Each point represents one study

possible advantage of angiotensin converting enzyme
inhibitors and angiotensin II subtype 1 receptor
antagonist based treatments in reducing left ventricular
hypertrophy and preventing clinical events.”® How-
ever, as most patients need several antihypertensive
agents for optimal blood pressure control, the relative
merits of each agent may be of lesser importance. In
addition to antihypertensive drugs, preventing cardio-
vascular disease through modifications of other risk
factors such as smoking cessation, lifestyle change, or
lipid lowering treatment is the most promising
approach.?*° Indeed, moderate reductions in several
risk factors might be more effective than major reduc-
tions in one.*!

Future research

Further research is needed to identify cost effective
diagnostic strategies in primary care settings, including
randomised controlled trials that compare different
diagnostic and treatment strategies and assess clinical
end points. Such research could inform the develop-
ment of algorithms to identify patients who should be
referred for echocardiography. In the absence of accu-
rate and inexpensive screening tests for left ventricular
hypertrophy, research into new diagnostic technolo-
gies is also warranted. Of note, electrocardiographic
left ventricular hypertrophy and echocardiographic
left ventricular hypertrophy have been shown to pre-
dict mortality independently of each other and may
therefore assess different aspects of the underlying
pathology.” Alternatively, they may measure the
same condition with some imprecision.*” For example,
in echocardiography, distinguishing physiological
from pathological left ventricular hypertrophy can
sometimes be difficult.” Further studies are needed to
better define the pathophysiological mechanisms and
outcomes in patients with echocardiographically con-
firmed left ventricular hypertrophy but negative elec-
trocardiograms. Similarly, more data are needed on
patients with positive electrocardiographic tests but
negative echocardiography.
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0.86 (0.78 to 0.95)
0.87 (0.83t0 0.91)
0.88 (0.82t0 0.94)
0.92 (0.86t0 0.98)
0.83 (0.75 t0 0.93)
0.94 (0.85 to 1.06)
0.92(0.81to 1.03)
0.85 (0.78 to 0.94)
0.88 (0.76 to 1.02)
0.63 (0.46 to 0.88)

0.92 (0.87 to 0.98)
0.87 (0.75 to 1.01)
0.92 (0.81to 1.03)
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0.95 (0.88 to 1.02)
0.99 (0.93 to 1.06)
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0.95 (0.92 to 0.99)
1.19 (0.84 to 1.68)
0.88 (0.76 to 1.02)
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Fig 3| Forest plots of negative likelihood ratio from test
accuracy studies of six electrocardiographic indexes in
diagnosis of left ventricular hypertrophy. Points represent
estimates of likelihood ratio; lines represent 95% confidence
intervals
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Fig 4 | Forest plots of positive likelihood ratio from test accuracy
studies of six electrocardiographic indexes in diagnosis of left
ventricular hypertrophy. Points represent estimates of
likelihood ratio; lines represent 95% confidence intervals
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Left ventricular hypertrophy leads to a fivefold to 10-fold increase in cardiovascular risk in

Several indexes calculated from standard 12 lead electrocardiograms are used in the
diagnostic work-up of patients with hypertension

The accuracy of the more commonly used electrocardiographic criteria for ruling out left
ventricular hypertrophy is unsatisfactory in both primary and secondary care.

Echocardiography is needed for a comprehensive assessment of cardiovascular risk in
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Conclusions

The power of some of the more commonly used elec-
trocardiographic criteria to rule out the diagnosis of left
ventricular hypertrophy in patients with hypertension
is poor. Further research is needed to assess the cost
effectiveness of different diagnostic and treatment stra-
tegies and to develop alternative diagnostic technolo-
gies for assessment of left ventricular hypertrophy in
primary care.
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