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INTRODUCTION

Left atrial (LA) enlargement is associated
wi th  a  number  o f  se r ious  compl ica t ions
such  as  a t r i a l  f ib r i l l a t ion ,  o ther  a t r i a l
t achyar rhy thmias  and  sys temic  embol ic
phenomena  (1) .  The  assessment  o f  LA
size  may  be  he lpfu l  in  gu id ing  pa t ien t
management  s t ra teg ies  e .g .  ins t i tu t ion  of
anti-coagulants or cardiac glycoside therapy.
The ability to maintain normal sinus rhythm
after  cardio-vers ion f rom at r ia l  f ibr i l la t ion
similarly correlates with LA size (2). So the

size of the left atrium is an important index
of cardiac status. Electrocardiography (ECG)
is  a  s imple ,  non- invas ive ,  cos t -e f fec t ive ,
access ib le  and  reproduc ib le  means  to
diagnose increased LA size as well as serial
follow-up evaluation, if reliable criteria were
ava i lab le .  P  wave  changes  o f  l e f t  a t r i a l
enlargement have been analysed in patients
l ike ly  to  have  th i s  condi t ion  due  to
underlying heart disease (2, 3) and have been
compared with direct observations at the time
of  surgery  (4 ,  5 ) ,  measurement  f rom
various radiological  views of  the hear t  (6)
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and in post-mortem studies (7–9). But X-Ray
studies measure only gross changes in atria,
pos t -mor tem s tud ies  a re  s ta t i c  & non-
phys io logica l  (6) .  Angiography i s  a  be t te r
method of demonstration of left atrial contour
and  permi t s  more  accura te  measurements
(10 ,  11) .  But  i t  has  l imi ted  u t i l i ty  in
eva lua t ing  la rge  popula t ions  due  to  i t s
invasive nature  and complex procedure.

Echocard iography  i s  comparab le  to
angiography in   assess ing   le f t  a t r ia l  s ize
(12) .  I t  i s  s imple ,  non- invas ive  and
reproduc ib le .  Be ing  an  accura te  and  non-
invasive technique for obtaining anatomical
measurements, it  is the universally accepted
DIAGNOSTIC STANDARD. But in the Indian
set t ing ECG is  widely used and has  added
advantage  over  echocard iography  in  be ing
cost-effective, easily available and accessible.

Prev ious  s tud ies  d iagnos ing  LA
enla rgement  have  a l ready  repor ted
d isc repanc ies  be tween  e lec t rocard iography
and  echocard iography  (13–15) .  Many such
s tud ies  used  smal l  pa t ien t  popula t ion
or  eva lua ted  on ly  few ECG cr i t e r ia ,  and
many used  d iagnos t ic  s tandards  o f  l e f t
a t r i a l  en la rgement  tha t  were  o f  uncer ta in
accuracy l ike radiography and post-mortem
s tud i e s .

The  present  s tudy has  been  under taken
to  assess  the  d iagnos t ic  accuracy  of  s ix
commonly used electrocardiographic cri teria
of  l e f t  a t r i a l  en la rgement .  These  c r i t e r ia
have also been evaluated in various ranges
of LA sizes to see if ECG can also have utility
as  a  quant i ta t ive  or  semi  quant i ta t ive  tool
for estimation of left atrial size as assessed
by M-mode echocardiography and can a lso
act  as  a  subst i tute  to  echocardiography.

MATERIALS AND METHODS.

This  s tudy  was  conduc ted  in  the

depar tments  of  phys io logy and card io logy,
S .C.B.  Medica l  Col lege ,  Cut tack  f rom
December 2000 to January 2005. The study
group comprised of 100 consecutive patients
(male=34 ,  female=66)  wi th  suspec ted
LA en la rgement  due  to  under ly ing
disease  l ike  rheumat ic  hear t  d i sease ,
coronary  a r te ry  d i sease ,  hyper tens ion ,
d i la ted  ca rd iomyopathy  and  hyper t rophied
obstructive cardiomyopathy. The age ranged
from 17 to 70 years for males and 18 to 62
years  fo r  females .  Al l  pa t ien t s  were  in
normal sinus rhythm. Their medical records
were  reviewed speci f ica l ly  for  informat ion
pertaining to their age, sex, height,  weight,
type  of  ca rd iovascu la r  d i sease  and  drug
therapy .  The  body  sur face  a rea  was
calculated from Dubois Body Surface Chart
(prepared by Boothby and Sandiford of the
Mayo clinic) (16). They were subjected to both
ECG and echocardiography within 48 hours
of presentation and without knowledge of the
resul t  of  the invest igat ion done f i rs t .

Pa t ien t s  wi th  a t r i a l  f ib r i l l a t ion ,
conduc t ion  defec t s ,  c l in ica l ly  ev iden t  l e f t
ventr icular  fa i lure ,  pat ients  on β  b lockers /
digitalis/verapamil ,  terminally sick patients
and pediatric age group were excluded from
the  s tudy .

P r o t o c o l :

ECG : Standard 12-lead electrocardiogram
wi th  1 mv cm s tandard isa t ion  and  paper
speed  of  25  mm/sec  were  ob ta ined  us ing
BPL cardiar t  6108 e lec t rocardiograph.  The
record  ob ta ined  was  ana lysed  for  P  wave
configuration using a five power magnifying
lens  and cal ipers .  The e lectrocardiographic
criteria of left atrial enlargement (LAE) that
were evaluated are in Table–I.  (Munuswamy
et al) (15). These criteria incorporate P wave
characteristics as ascertained by examination
of both the standard and precordial  leads.
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whole. As parameters of diagnostic accuracy,
sens i t iv i ty ,  spec i f i c i ty ,  pos i t ive  p red ic t ive
value, negative predictive value, % of false
nega t ive  and  % of  fa l se  pos i t ive  were
ca lcu la ted .

The best possible combinations of criteria
were  made  and  in  a  s imi la r  manner  the
parameters  o f  d iagnos t ic  accuracy  were
ca lcu la ted  for  each  combina t ion .  Also  the
sensi t iv i ty  and specif ic i ty  of  these  cr i ter ia
were  eva lua ted  in  d i f fe ren t  ranges  o f  LA
dimens ions .

Then ,  in te rc r i t e r ia  compar i son  for
sens i t iv i ty  and  spec i f ic i ty  was  made
us ing  the  ch i  square  t es t ,  wi th  Yates ’
correction   wherever applicable. Then using
standard  table the ‘P’ value was found out.
A P<0.05  was  cons idered  s ta t i s t i ca l ly
signif icant .

Then, studies of  correlation  were done
for  absolute  value of  lef t  a t r ium (obtained
by echo)  wi th  P wave durat ion in  lead I I ,
duration of negative phase of P wave in lead
V

1
 and depth of negative phase of P wave in

lead V
1.

In  each  case ,  the  Pearson’s  cor re la t ion
coefficient was calculated (17, 18).

RESULTS

The s tudy populat ion comprised of  100
suspec ted  cases  o f  LA en la rgement ,  in
normal sinus rhythm, of which 66 (66%) were
females and 34 (34%) were males. The mean
age  was  43 .5 ± 13 .64  years  fo r  males  and
34.14 ± 12.86 years  for  females .  The  mean
height  for  males was 161.76 ± 4.49 cm and
that for females was 156 ± 5.07 cm. The mean
weight  was  53 .56 ± 7.04  kg  for  males  and
44.12 ± 5.79 kg for females. The mean body
sur face  a rea  was  1 .56 ± 0.102  m 2 in  males

ECHOCARDIOGRAPHY :  Trans thorac ic
echocardiograms were performed using ATL
Ultramark-9 cardiac imaging system using a
3.5 MHz t ransducer .  Pat ient  was placed in
the  l e f t  l a te ra l  decubi tus  pos i t ion .  2D
echocardiograms were obtained selecting the
paras te rna l  long  ax i s  v iew,  by  s tandard
ad jus tment  o f  pos i t ion  and  angula t ion ,
th rough  the  aor t i c  window.  M-mode
measurements  of  lef t  a t r ia l  s ize  and aor t ic
roo t  d iameter  were  se lec ted  f rom the  2D
parasternal  long axis  view and recorded at
50 mm/sec paper speed. Measurement of the
left atrial dimension was made at end-systole
and  of  the  aor t i c  roo t  d iamete r  a t  end-
diastole as per  the recommendations of  the
American Society  of  Echocardiography .  Al l
measurements were made from leading edge
to leading edge i.e. the uppermost line of a
structure.  (The leading edge is not affected
much by  ga in  se t t ings  whi le  the  pos te r io r
t ra i l ing  edge  i s  wide ly  var iab le ) .  M-mode
echocard iographic  c r i t e r ia  cons i s t  o f  LA
dimens ion  (abso lu te  va lue)  > 38 mm,  LA
dimens ion /aor t i c  roo t  ra t io  > 120%,  LA
dimens ion  cor rec ted  for  body sur face  a rea
> 20 mm/m 2.

Dur ing  echocard iography ,  p recau t ions
were  taken to  make measurements  through
the aortic window, at the level of the aortic
valve leaf le ts ,  avoiding extreme angulat ion
of  the  t ransducer  as  i t  can  g ive  er roneous
measurements  of  LA dimension.

Stat i s t i ca l  ana lys i s :

The  ind iv idua l  e lec t rocard iographic
cr i te r ia  of  LA enlargement  were  evaluated
using the  echocardiographic  f inding as  the
d iagnos t ic  s tandard .  The  number  o f  t rue
positives, true negatives, false positives and
fa l se  nega t ives  were  ca lcu la ted  fo r  the
indiv idual  ECG cr i te r ia  and  for  ECG as  a
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and 1.4 ± 0.096 m2  in females.

The  d i sease  p reva lence  in  the  s tudy
popula t ion  was  rheumat ic  hear t  d isease  64
(64%) of which male = 13, female = 51 (Mitral
s tenos i s  50  cases ,  male = 8 ,  female = 42;
Mi t ra l  regurg i ta t ion  15  cases ,  male = 2 ,
female = 13;  Aor t ic  s tenos i s  2  cases ,  bo th
females ;  Aor t ic  regurg i ta t ion  5  cases ,  a l l
females);  di lated cardiomyopathy 13 (13%),
males = 7 ,  female = 6;  hyper t rophied
obstructive cardiomyopathy 4 (4%), male = 2,
female = 2; Coronary artery disease 20 (20%)
male = 12,  female = 8;  hyper tens ion  2  (2%)
male = 2,  female = 0.

Table  I I  shows  tha t  Cr i t e r ia  I I I  has
highest sensitivity (78%), closely followed by
Cr i te r ia  VI  (76%) .  Cr i t e r ia  I I  has  h ighes t

spec i f ic i ty  (100%)  [bu t  ex t remely  poor
sensitivity (8%)], followed by Criteria IV and
VI (92% each). So, Criteria VI is the single
best criteria, closely followed by Criteria III.

Cri te r ia  I I I ,  IV and  VI  re la te  to  the
negat ive  component  of  P  wave in  lead V

1.

Criteria I, II and V relate to P wave in lead
II. So, Criteria relating to P wave in lead V

1

yield better accuracy.

Table  I I I  shows  the  in te rc r i t e r ia
comparison for sensit ivity and specificity.

Table  IV shows  tha t  the  op t imum
combina t ion  for  sens i t iv i ty  i s  ECG
(a l l  c r i t e r ia )  (a l so  % of  fa l se  nega t ive
is minimized) and for specificity is Criteria
I I I  and  IV (a l so  % of  fa l se  pos i t ive  i s
minimized) .

TABLE I : ECG cr i t e r i a  o f  l e f t  a t r i a l  en la rgement .

Cri ter ia  no . P  wave  con f igura t ion  in  ECG N o r m a l L A E *

I P  wave  dura t ion  in  l ead  I I 80–110  ms >110  ms
I I P  wave  no tch ing  in  Lead  I I  ( in te rpeak  d i s t ance ) <  40  ms ≥  40  ms
II I Dura t ion  o f  nega t ive  phase  o f  P  wave  in  Lead  V

I
≤  40  ms >  40  ms

I V Depth  o f  nega t ive  phase  o f  P  wave  in  Lead  V
I

≤  1  mm > 1  mm
V Macruz  Index  =  P  wave  dura t ion /PR segment 1–1 .6  mm > 1.6  mm
V I Morr i s  Index  =  Dura t ion  ×  Dep th  o f  nega t ive

phase  of  P  wave in  Lead V
1
 (PTF V

1
)  ≤  40  mm ms > 40 mm ms

*LAE –  Lef t  At r i a l  En la rgement .
PTFV

1
 –  P  wave  te rmina l  fo rce  in  l ead  V

1
.

TABLE II : Diagnos t i c  accuracy  o f  ECG c r i t e r i a  o f  LA en la rgement .

Criteria Sens i t iv i ty* Specificity* Positive* predictive Negative predictive % of* false % of* false
(%) (%) value (%) (PPV) value (%) (NPV) negative (FN) positive (FP)

I 4 3 8 5 8 9 3 4 5 7 1 5
I I 8 1 0 0 1 0 0 2 8 9 2 0
II I 7 8 8 5 9 4 5 8 2 2 1 5
I V 6 5 9 2 9 6 4 8 3 5 8
V 4 9 8 5 9 0 3 7 5 1 1 5
V I 7 6 9 2 9 7 5 7 2 4 8

χ 2 = 133 .57 χ 2 = 2 2 . 5 9 χ 2 = 1 6 . 6 2 χ 2 = 3 1 . 9 2
P < 0 . 0 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1 P < 0 . 0 0 1

–Data  de r ived  f rom 100  pa t i en t s  in  normal  s inus   rhy thm.
*–Us ing  a l l  th ree  echocard iograph ic  c r i t e r i a  o f  LA en la rgement .
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TABLE IV : Diagnos t i c  accuracy  o f  se lec ted  combina t ions  o f  ECG c r i t e r i a  o f  LA en la rgement .

Combina t ion Sens i t iv i ty* Specificity* Positive* predictive Negative predictive % of* false % of* false
of ECG criteria3 (%) (%) value (%) value (%) negative posit ive

II,  III,  IV 7 3 9 2 9 6 5 5 2 7 8

II, III, IV, VI 7 3 9 2 9 6 5 5 2 7 8

III & IV 7 3 9 2 9 6 5 5 2 7 8

III, IV, VI 7 3 9 2 9 6 5 5 2 7 8

I, II, III, IV, VI 8 1 7 7 9 1 5 9 1 9 2 3

I, II,  III,  IV 8 1 7 7 9 1 5 9 1 9 2 3

I, II, III 5 1 7 7 8 6 3 6 4 9 2 3

I & II 4 3 8 5 8 9 8 9 5 7 1 5

ECG (a l l  c r i t e r i a ) 8 9 7 7 9 2 9 2 1 1 2 3

– Data  de r ived  f rom 100  pa t i en t s  in  normal  s inus   rhy thm.
#– Other  combina t ions  f a i l ed  to  p roduce  va lues  o f  accuracy  ind ices  a s  good  as  o r

be t t e r  than  those  shown in  th i s  t ab le .
* – Us ing  a l l  th ree  echocard iograph ic  c r i t e r i a  o f  LA en la rgement .

TABLE II I : In te rc r i t e r i a  compar i son  ind iceswise .

S e n s i t i v i t y S p e c i f i c i t y
C r i t e r i a

χ 2 P  va lue χ 2 P  va lue

I vs. II 32.3 <0.001 16.66 <0.001

I vs. III 22.76 <0.001 0 >0.05

I vs. IV 9.4 <0.01 2.9 >0.05

I vs. V 0.59 >0.05 0 >0.05

I vs. VI 21.82 <0.001 2.9 >0.05

II vs. III 99.96 <0.001 16.66 <0.001

II vs. IV 70.08 <0.001 7.98 <0.01

II vs. V 40.45 <0.001 16.66 <0.001

II vs. VI 99 <0.001 7.98 <0.01

III vs. IV 3.18 >0.05 2.9 >0.05

III vs. V 16.34 <0.01 0 >0.05

III vs. VI 0.05 >0.05 2.9 >0.05

IV vs. V 5.22 >0.05 2.9 >0.05

IV vs. VI 2.8 >0.05 0 >0.05

V vs. VI 15 .53 <0.01 2 .9 >0.05

d f = 1
P<0.001

 
:  ve ry  h igh ly  s ign i f i can t .

P<0 .01  :  h igh ly  s ign i f ican t .
P<0 .05  :  s ign i f ican t .
P>0 .05  :  no t  s t a t i s t i ca l ly  s ign i f i can t .

Tab le  V shows  tha t  sens i t iv i ty  shows
var iab le  response  bu t  spec i f ic i ty  remains
same in  h igher  ranges  of  LA d imens ions
(occasional deviation).

Graph I shows that the P wave duration
in lead II correlates best with LA dimension
by echo (in mm). But it is only a moderately
posi t ive  correla t ion.

DISCUSSION

Size  of  the  lef t  a t r ium is  an  important
index  of  ca rd iac  s ta tus .  Lef t  a t r i a l
en la rgement  has  impor tan t  impl ica t ions
l ike  deve lopment  o f  a t r i a l  f ib r i l l a t ion ,
thromboembolic phenomena and complications
thereof  (19 ,  20 ,  21) .  The  le f t  a t r ium i s
a f fec ted  d i rec t ly  by  increased  ven t r icu la r
f i l l ing pressure,  increased resis tance across
the mitral valve, or volume overload caused
by  mi t ra l  va lve  regurg i ta t ion .  ECG could
of fe r  a  s imple ,  cos t -e f fec t ive ,  read i ly
ava i lab le ,  non- invas ive  means  to  d iagnose
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TABLE V : Sensit ivity and specifici ty of cri teria of LA enlargement in different ranges of LA dimensions .

Using all 3 echo LA dimension in mm
Criteria criteria for LAE

(<40) (n=38) (41-45) (n=30) (46-50) (n=20) (>50) (n=12)

Sensitivity 43 48 51 49 42
I

Specificity 85 84 84 84 84

Sensitivity 8 5 0 0 14
II

Specificity 100 100 100 100 100

Sensitivity 78 78 86 80 78
III

Specificity 85 82 82 82 82

Sensitivity 65 40 62 72 64
IV

Specificity 92 92 92 92 92

Sensitivity 49 44 30 56 52
V

Specificity 85 85 85 85 85

Sensitivity 76 75 75 52 86
VI

Specificity 92 90 90 90 90

– Data  de r ived  f rom 100  pa t i en t s  in  normal  s inus   rhy thm.
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le f t  a t r i a l  en la rgement  i f  r e l i ab le  c r i t e r ia
were  ava i lab le .  The  c r i t e r ia  used  in  the
present  s tudy are  the ones most  f requent ly
used  c l in ica l ly  and  rece ived  a t t en t ion  in
the  ex i s t ing  l i t e ra tu re ,  e i the r  ind iv idua l ly
or  in  g roups .  However ,  ce r ta in
e lec t rocard iographic  abnormal i t i es
t rad i t iona l ly  a t t r ibu ted  to  LA en la rgement
may occur  in  pa t ien t s  wi th  LA pressure
over load  (13 ,  22)  o r  defec t ive  a t r i a l
conduct ion (23)  or  both .  Previously  i t  had
been established that LA thickening with or
without dilatation could produce some of the
electrocardiographic s igns examined in this
s tudy  (8 ,  24) .  These  f ind ings  sugges t  tha t
the  d iagnos t ic  accuracy  of  p rev ious ly
described electrocardiographic criteria for LA
enlargement may be more l imited than was
prev ious ly  apprec ia ted .  Our  s tudy  group
compr ised  of  100  suspec ted  cases  o f  LA
enlargement  in  normal  s inus  rhy thm,  64
(64%) of them suffering from rheumatic heart
disease of age 51 (80%) were females and 13
(20%)  were  males .  In  50  pa t ien t s  mi t ra l
stenosis was present of which 42 (84%) were
females  and  8  (16%)  were  males .  This
f inding wel l  correla tes  with  the  previously
documented  h igher  inc idence  of  rheumat ic
mi t ra l  s tenos i s  in  female  popula t ion  (25) .
This  a l so  exp la ins  the  l a rger  number  o f
females  (66%)  among the  100  consecut ive
pa t ien t s  the  suspec ted  hav ing  LA
enlargement  s ince  major i ty  o f  them were
suffer ing f rom rheumat ic  hear t  d isease .

Analys i s  o f  ind iv idual  ECG cr i ter ia  o f  LA
e n l a r g e m e n t :

Table II shows Criteria I (P wave duration
in lead II  > 110 ms)  has  the sensi t ivi ty  of
43% specificity 85%, positive predictive value
89% negative predictive value 34%, 57% false
nega t ive  and  15% fa l se  pos i t ive .  Prev ious

studies assessing total P wave duration as a
d iagnos t ic  marker  o f  LA en la rgement
repor ted  a  sens i t iv i ty  o f  4% to  100% and
specificity of 67% to 98% (1, 4, 11, 26, 27,
28 ,  29) .  Lee  KS  e t  a l  (30)  have  shown a
sensitivity of 69% and specificity of 49%. The
wide variation in sensit ivity and specificity
can  be  exp la ined  in  par t  by  the  d i f fe r ing
upper l imits of normal among these studies
(ranging from 105 ms to 120 ms) and by the
required presence of notching in some cases
but not in others. We selected 110 ms as the
upper  l imi t  o f  normal .  Shor te r  P  wave
dura t ion  were  assoc ia ted  wi th  marked
decrease  in  speci f ic i ty  and larger  dura t ion
did not  appreciably change sensi t iv i ty .  We
included  P wave with or without notching.
In the present study, correlation of P wave
dura t ion  in  l ead  I I  wi th  LA d imens ion
obtained  by echocardiography has yielded a
modera te ly  pos i t ive  cor re la t ion  wi th  a
correlation coefficient of 0.2. In most others
s tudies ,  corre la t ion wi th  LA s ize  has  been
positive with correlation coefficients of 0.56
to  0 .74  (4 ,  5 ,  26 ,  27 ,  28 ,  29) .  Our  lower
degree of correlation may be due to exclusion
of  pa t ien t s  wi th  a t r i a l  f ib r i l l a t ion ,  who
usually have LA size > 45 mm. Also Birkbeck
JP et al (31) have found moderately positive
correlat ion (r = 0.49).

Also ,  LA dimension by echo corre la tes
better with P wave duration in lead II than
duration or depth of negative component of
P wave in lead V

1
 (graph I). Correlation of P

wave durat ion with  LA dimension by echo
being moderately positive has limited clinical
use as  a  semiquant i ta t ive tool  as  found by
previous workers (4, 5, 26, 27, 28, 29).

Table  I I  shows  Cri ter ia  I I  (P  wave
notching wi th  in terpeak dis tance  ≤  40 ms)
has  sens i t iv i ty  o f  8%,  spec i f ic i ty  100%,
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pos i t ive  p red ic t ive  va lue  100%,  nega t ive
predic t ive  va lue  28%,  fa l se  negat ive  92%,
false posi t ive 0%. Notching of  the P wave
has  t rad i t iona l ly  been  a t t r ibu ted  LA
enlargement ,  p resumably  re f lec t ing
pro longed  conduc t ion  t ime  wi th in  the  l e f t
atrium. Termini and Lee  (27) reported 24%
false positive and 12% false negative results
for  this  s ign.  Munuswamy et  al  (15)  found
sensit ivi ty 15% and specifici ty 100%. They
re la te  the  d i sc repancy  of  the i r  resu l t  to
Termin i  and  Lee ,  in  the i r  own fa i lu re  to
include P wave notching in precordial leads.
Hazen et al  (1) showed a sensitivity of 20%
and specificity of 98%. All these results are
in general  agreement  with our  f inding that
P  wave  no tch ing  wi th  in te rpeak  d i s tance
≤ 40 ms i s  poor ly  sens i t ive  (8%–20%)  and
high ly  spec i f ic  (98%–100%)  c r i t e r ia  fo r
diagnosis  of  LA enlargement.

Table II shows Criteria III   (duration of
negative phase of P wave in lead V

1
> 40 ms)

has the highest sensitivity of single criteria
studied (78%), specificity (85%), 94% positive
pred ic t ive  va lue ,  58% nega t ive  p red ic t ive
value, false negative 22%, and false positive
15%. Munuswamy et al (15) found sensitivity
83% and specificity 80% which are similar to
value obtained from the present  s tudy.

Correlation of duration of negative phase
of P wave in lead  V

1
 with LA size(graph I)

y ie lded  a  mi ld  pos i t ive  cor re la t ion  wi th
correlation coefficient 0.07, after correction
0 .49  ( i . e .<2) .  So  th i s  has  no  c l in ica l
appl icabi l i ty  as  a  semiquant i ta t ive  tool  for
assessment of LA size.

Table  I I  shows  Cri ter ia  IV  (dep th  of
negative phase of P wave in lead V

1
 > 1 mm)

has sensitivity 65%,  specificity 92%, positive
pred ic t ive  va lue  96%,  nega t ive  p red ic t ive

value 48%, false negative 35%, false positive
8%.  Munuswamy et  a l  (15)  had found th is
c r i t e r ia  to  have  a  sens i t iv i ty  o f  60% and
specificity 93%. This criteria has a reported
sens i t iv i ty  o f  25% and  spec i f ic i ty  92% in
children in a study by Maok et al  (14).

Cor re la t ion  wi th  LA s ize  ob ta ined  by
echocard iography  (graph  I )  y ie lds  a
corre la t ion  coeff ic ient  of  0 .16  (modera te ly
positive correlation) and after correction 1.12
( i . e .  < 2)  which  impl ies  i t  has  no  c l in ica l
ut i l i ty  as  a  semiquant i ta t ive tool .

These  cor re la t ion  va lues  of  c r i te r ia  I I I
& IV wi th  LA s ize  by  echocard iography
further reinforce the findings of Birkbeck JS
et  a l  (31) ,  who corre la ted PTFV

1  
wi th  LA

volume and found poor correlation (r = 0.30–
0.42). Most of the previous workers have not
studied Criteria III  and IV individually but
as components of PTFV

1 
 (Criteria VI).

Table II shows Criteria V (Macruz Index
> 1.6) yielded sensitivity 49%, specificity 85%,
pos i t ive  p red ic t ive  va lue  90%,  nega t ive
predic t ive  va lue  37%,  fa l se  negat ive  51%,
fa l se  pos i t ive  15%.  Mos t  o f  the  p rev ious
studies have reported sensit ivi ty of  50% to
65% and specificity of 50% to 89% (2, 13,
15). Chirife et al (25) have obtained sensitivity
of 58% and specificity 89%. Munuswamy et
al (15) reported sensitivity 31% and specificity
64%. So our values of indices of diagnostic
accuracy  a re  in  genera l  agreement  wi th
prev ious  workers .  But  th i s  wide  range  of
variation of sensitivity may be due to reasons
such  as  suscep t ib i l i ty  to  a l t e ra t ion  by
dig i ta l i s  p repara t ion  commonly  g iven  to
pat ients  wi th  enlarged LA,  drugs  af fec t ing
PR interval can produce false positive or false
nega t ive  va lues  and  smal l  e r ro rs  in
measurement  can  s ign i f ican t ly  a l t e r  the
Macruz Index.
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In the present study, we have minimized
er ror  by  exc lud ing  sources  o f  e r ror  l ike
pa t ien t s  wi th  a t r i a l  f ib r i l l a t ion  and
conduc t ion  defec t s .  Also  e r rors  o f
measurement have been minimized by taking
some complexes  a t  h igher  paper  speed i .e .
50 mm/sec and measuring through five power
magnifying lens .

Table II shows Criteria VI  (PTFV
1
 > 40

mm. ms) yielded sensitivity 76%, specificity
92%, positive predictive value 97%, negative
predic t ive  va lue  57%,  fa l se  negat ive  24%,
false posit ive 8%. Its  value in detection of
LA en la rgement  has  been  reasonably  wel l
established with sensitivity reported as 67%
to 89% and specificity 83% to 94% (4, 5, 11,
26, 27, 28, 29) which is in general agreeable
to our f indings.  On the other hand Romhilt
et al (24) did not find PTFV

1 
 to be a sensitive

criterion (only 44%). But the reason for this
low value is unclear. Aronow et al (32) found
the sensitivity to be 32% & specificity 94%.
This low sensitivity is probability related to
a higher mean age of their study population
i . e .  82 ± 8 years .  Jose  e t  a l  (33)  have
calculated its positive predictive value as 85%
which is  nearby the value obtained by our
study. They have calculated accuracy as 86%
but have not defined accuracy (In our study
we have calculated 6 indices  of  diagnost ic
accuracy i.e. sensitivity, specificity, positive
predict ive value,  negat ive predict ive value,
% of false negative and % of false positive
(17)] .  Hazen et  al  (1)  have also calculated
sensitivity and specificity of PTFV

1
 (> 40 mm.

ms indicating LA enlargement) in 2 different
LA size ranges i.e. ≥ 40 mm and ≥  60 mm.
Such study could not be done by us as we
have res t r ic ted  number  of  pat ient  wi th  LA
size  > 45 mm due to  exclus ion of  pat ients
with atr ial  f ibr i l la t ion.

The  pred ic t ive  va lue  ind ica tes  the
diagnostic power of a test. In our study the
various ECG criteria of LA enlargement have
posi t ive  predic t ive  value  of  90% to  100%,
negative predictive value of 28% to 58%, %
of false positive is low i.e. 0 to 15%. Criteria
I I  has  h ighes t  % of  fa l se  nega t ive  (92%),
others  have moderate  to  low values.  These
indices of diagnostic accuracy have not been
spec i f ica l ly  ment ioned  in  the  ava i lab le
l i t e r a t u r e .

So, among the individual ECG criteria of
LA enla rgement ,  the  h ighes t  sens i t iv i ty  i s
yielded by Criteria III (78% closely followed
by Crieria VI (76%).  The difference is  not
s ta t i s t ica l ly  s ignif icant .  Cr i ter ia  I I  has  the
highest specificity 100% (but low sensitivity
8%), followed by 92% yielded by Criteria IV
and Criteria VI. So individually Criteria VI
is the best ECG criteria of LA enlargement
closely followed by Criteria III. This finding
wel l  cor re la tes  wi th  tha t  o f  Kasser  and
Kennedy (11), Chirife et al (26), Rubbler et
al 28), Waggoner et al 29), Aronow et al (32).

With  the  hope  of  improving  d iagnos t ic
accuracy,  se lec ted  combinat ions  of  cr i ter ia
were  assessed  (Table  IV)  to  f ind  ou t  the
opt imum combinat ion  ( i . e .  combina t ion  of
min imum number  of  c r i t e r ia  y ie ld ing
maximum accuracy) .  Combina t ion  of  ECG
criteria has a higher sensitivity of 89% but
lower  speci f ic i ty  77%.  On the  o ther  hand,
combinat ion  of  I ,  I I ,  I I I  and  IV yie lds  of
sensitivity of 81% but same specificity 77%.
Taking criteria III & IV, sensitivity falls to
73% where as specificity rises to 92%. Adding
to it criteria IV/VI/both, diagnostic accuracy
does not  change.  Combinat ion of  cr i ter ia  I
and II has sensitivity of 43% and specificity
85%.  Adding  to  i t  c r i t e r ia  I I I  inc reases
sensitivity to 51% but reduces specificity to
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77%. Cri ter ia  I I I  individual ly  has  a  higher
sensitivity 78% and specificity 85%. Adding
Cr i te r ia  IV increases  sens i t iv i ty  to  81%
specif ic i ty  remaining 77%. So the opt imum
combination for sensitivity is- all the Criteria
o f  ECG t aken  toge ther .  From spec i f i c i t y
point of view the combination III and IV is
the best combination. But Criteria VI taken
ind iv idual ly  has  a  spec i f i c i t y  o f  92% and
sens i t iv i ty  o f  76%.  Though Cr i te r ia  I I  has
the  h ighes t  spec i f ic i ty  100%,  i t  has  poor
sens i t iv i ty  (on ly  8%) .  Other  combina t ions
tes ted  showed sens i t iv i ty  and  spec i f ic i ty
values that were lower than those noted for
any of the above described combinations.

So  Cr i te r ia  VI  o r  PTFV
1
 i s  the

ind iv idua l ly  s tud ied  bes t  Cr i ter ia .  Wi th
combina t ion  of  c r i t e r ia  sens i t iv i ty  i s
increased at the cost of specificity.

Prev ious  s tud ies  examin ing  var ious
combina t ions  of  ECG cr i t e r ia  fo r  LA
enla rgement  have  genera l ly  repor ted  the
same (4 ,  6 ,  29) .  Munuswamy e t  a l  (15)
demons t ra ted  tha t  combina t ion  of  c r i t e r ia
does  no t  subs tan t ia l ly  improve  d iagnos t ic
accuracy. Criteria I and II pertain to P wave
in  Lead  I I .  Addi t ion  of  Cr i te r ia  I I I  & IV
(re la t ing  to  PTFV

1
)  improves  sens i t iv i ty

signif icant ly.  This  indicates  that ,  cases not
detected by P wave in lead II  are detected
by PTFV

1.
 This agrees to the postulation by

Kasser and Kennedy (11).

Table VI shows sensitivity and specificity
of different ECG criteria in different ranges
o f  LA d imens ions .  We f ind  tha t  in  h igher
range of LA dimension, the sensitivity shows
var iab le  change  (genera l ly  r i s ing  t rend)
whereas  the  spec i f ic i ty  remained  cons tan t .
Munuswamy e t  a l  (15)  a l so  found  s imi la r
results. In our study, in some higher ranges
also we have obtained occasional low values

of sensit ivity.  This may relate to exclusion
of  many  pos i t ive  cases  by  exc lus ion  of
pa t ien t s  wi th  a t r i a l  f ib r i l l a t ion ,  who  a re
expected to  have larger  a t r ia .

Graph  I  shows  cor re la t ion  of  LA s ize
(obtained by echo) with P wave duration in
Lead II, duration of negative phase of P wave
in Lead V

1
 and depth of negative phase of P

wave in Lead V
1 .

 The correlation coefficients
(r)  obtained were 0.2 (after  correction 1.4)
for Criteria I, 0.07 (after correction 0.49) for
cri teria III ,  0.16 (after  correction 1.12) for
Criteria IV. The P wave duration in Lead II
correlates best with LA size obtained by echo.
But  i t  i s  on ly  a  modera te ly  pos i t ive
correlation (0 < r < 1) and has limited clinical
use  as  a  semiquant i t a t ive  too l  [ s ince
cor rec ted  r  va lue < 2  (18) ] .  Other  workers
have obtained r values between 0.56 to 0.74
(4 ,  5 ,  26 ,  27 ,  28 ,  29)  (which  i s  a l so  a
moderately positive correlation and  l imited
clinical use as a semiquantitative tool).  Our
lower  va lue  may  be  due  to  exc lus ion  of
pat ients  with atr ia l  f ibr i l la t ion and thereby
exclusion of cases with larger atria in which
ranges,  bet ter  correlat ion may be expected.

The  absence  of  hemodynamic  and
e lec t rophys io log ic  da ta  in  th i s  s tudy  i s  a
major  l imi ta t ion  in  tha t  i t  p rec ludes
ca tegor ica l  ass ignment  o f  the  observed
sens i t iv i ty  and  spec i f ic i ty  va lues  to  LA
enla rgement  (d i la ta t ion)  per  se .  However ,
previous  s tudies  (13 ,  28)  have  shown tha t
many patients with LA enlargement also have
LA pressure  over load  or  defec t ive  a t r i a l
conduc t ion .  Thus  in  many  pa t ien t s  i t  may
be diff icul t  to  sort  out  the exact  or igin of
the electrocardiographic criteria traditionally
attr ibuted to LA enlargement.  Lee KS et  al
(30)  have  even  sugges ted  us ing  the  t e rm
‘nonspecific LA abnormalities’. In our study,
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care  has  been  taken  to  ru le  ou t  e f fec t  o f
pressure  overload and defect ive conduct ion
per  se  by  exc lus ion  of  pa t ien t s  wi th  l e f t
ventr icular  fa i lure ,  a t r ia l  f ibr i l la t ion,  other
conduc t ion  defec t s ,  t ak ing  drugs  l ike
digitalis, β blockers, verapamil etc. that can
af fec t  PR in te rva l .  But  ce r ta in  aspec t s  o f
hemodynamic  a l te rna t ions  and  conduc t ion
defec ts  a re  par t  and  parce l  o f  the  d i sease
process .

Lef t  a r ia l  en la rgement  i s  a  f requent
accompaniment  o f  rheumat ic  mi t ra l  va lve
disease, where LA pressure is also increased.
So  the  mere  presence  of  an  en la rged  le f t
atr ium or elevated lef t  a tr ial  pressure does
not  es tab l i sh  the  pr imacy  of  e i ther  in  the
genesis  of  this  e lectocardiographic  pat tern.
The ro le  of  a t r ia l  inf lammat ion or  scar ing
or  bo th  (as  par t  o f  the  d i sease  p rocess )
can  a l so  p roduce  e lec t rocard iographic
abnormalities of LA enlargement by causing
conduction defects .  In our set  up,  majori ty
of  pa t ien t s  suspec ted  of  hav ing  LA
enlargement ,  had  rheumat ic  mi t ra l  va lve
d isease .  In  pa t ien t s  wi th  coronary  a r te ry
disease,  the electrocardiographic  pat tern of
LA enlargement  produced may also be due
to  increased  le f t  ven t r icu la r  end  d ias to l ic
pressure  o r  may  be  due  to  i schemia  or
in fa rc t ion  or  bo th .  The  use  M mode
echocard iography  as  a  d iagnos t ic  s tandard
represen ts  a  minor  l imi ta t ion  because

ex t reme angula t ion  of  the  t ransducer  may
produce  a l te ra t ion  in  LA d iameter .  We
sought  to  min imize  such  a r te fac tua l
measurement by performing echocardiography
only  f rom windows  in  the  th i rd  o r  four th
intercosta l  spaces  ( lef t  s ternal  border)  and
by measuring LA size only at  the level  of
the aort ic  valve leaflets .

C o n c l u s i o n :

Criteria VI or Morris index (PTFV
1
 is the

bes t  c r i t e r ion  hav ing  second  h ighes t
sensitivity 76% and second highest specificity
92% (difference from highest value for both
ind ices  i s  no t  s ta t i s t i ca l ly  s ign i f ican t ) .
Combina t ion  of  Cr i te r ia  does  no t
subs tan t ia l ly  enhance  sens i t iv i ty  o r
specif ici ty .  The sensi t ivi ty  of  various ECG
cr i te r ia  of  LA enlargement  shows var iable
response but specificity remains constant at
progressively higher ranges of LA dimension.
ECG has no clinical use as semiquantitative
tool to assess LA size. The overall predictive
index of ECG for left  atrial  enlargement is
not impressive or encouraging, as described
by most of the previous workers. But in case
of non-availability of echocardiography, ECG
can  be  used  for  d iagnos i s  o f  l e f t  a t r i a l
en la rgement  wi th  cau t ion  aga ins t  fa l se
negat ive  resul t s— they can  be  mis leading,
multiplied by the grave consequences of LA
e n l a r g e m e n t .
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