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Abstract :  The incidence of ischemic heart disease is well documented in
the l i terature  in  post  menopausal  women but  the degree of  deter iorat ion
of left ventricular performance in estrogen deficient state in women is not
very clear .  The present  s tudy was conducted to  f ind the lef t  ventr icular
performance by recording systolic time intervals (STIs) in 50 post menopausal
women having either natural or surgical menopause and that was compared
with 25 premenopausal controls. There was significant (P<0.01) increase in
QS2-I, PEP-I and PEP/LVET ratio but significant (P<0.01) decrease in LVET-
I  in  su rg ica l  menopause  g roup  whereas  the  na tu ra l  menopause  g roup
showed less  inc rease  in  QS 2- I  (P<0 .05) ,  PEP/LVET ra t io  (P<0 .01)  and
decrease (P<0.01) in LVET-1.  Thus,  the performance of  lef t  ventr icle  is
more  a f fec ted  in  su rg ica l  menopause  g roup  as  compared  to  na tu ra l
menopause group. The ventricular dysfunction was observed by STIs prior
to the appearance of cl inical  signs and symptoms.
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INTRODUCTION

The cessation of menstruation (menopause)
occurs in women at around the age of 45–50
years  due  to  the  waxing  and  waning  of

ovarian activity which leads to the estrogen
def ic ien t  s ta te ,  p roduc ing  cer ta in  spec i f ic
c l in ica l  and  metabol ic  changes .  Es t rogen
def ic iency  causes  changes  in  the  l ip id
and  l ipopro te in  p rof i l es  (1 ) .  In  the  p re
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pos tmenopausa l  women wi th  a r t i f i c ia l
menopause  ( to ta l  abdomina l  hys te rec tomy
with  b i la tera l  sa lp ingo-oopherectomy)  of  6
months  dura t ion  or  more ,  bu t  wi thout  any
other  a i lment .  The procedure fol lowed was
in accordance with the ethical standards on
human exper imenta t ion  approved  by  the
e th ica l  commit tee  o f  Dayanand  Medica l
College and Hospital ,  Ludhiana.

The  sys to l ic  t ime  in te rva l s  were
calculated by taking simultaneous recording
of electrocardiogram (in lead II by using AC
amplifier (Model 206)), phonocardiogram (by
a piezoelect r ic  microphone a t tached to  the
versatile cardiac amplifier (Model 204)) and
exte rna l  ca ro t id  pu lse  t rac ings  (by  T-303
Volume t ransducer  Vt -1635 ,  connec ted  to
universa l  b ioampl i f i e r  (Model  201) )  on
polygraph, at a speed of 50 mm/sec with time
marker of 1 second, (4, 5, 6, 7). The systolic
t ime  in te rva l s  (STI)  recorded  wi th  th i s
method  a re  comparab le  to  the  more
expens ive  and  invas ive  in t racard iac
measurements  (8 ) .

QS2 and LVET were measured from the
ECG, Heart sounds and Carotid artery pulse
t rac ings .  QS 2 (Tota l  e lec t ro  mechanica l
sys to le )  beg ins  f rom the  onse t  o f  QRS
complex and ends with the first high pitched
vibra t ion  of  second  hear t  sound  recorded
by  phonocard iography  (4) .  LVET (Lef t
ventricular ejection time) is the time interval
between the opening and closing of the aortic
va lves .  I t  i s  measured  f rom the  caro t id
artery pulse tracing, by the interval between
the  ups t roke  and  the  d ic ro t ic  no tch .  PEP
(Pre  e jec t ion  per iod)  i s  ca lcu la ted  by
subt rac t ing  LVET f rom QS 2.  I t  deno tes
the  per iod  of  sys to le  before  the  e jec t ion
phase.  I t  g ives  evidence of  ra te  of  r ise  of

menopausa l  women,  the  ex is t ing  leve l  o f
es t rogen  decreases  LDL leve l  in  b lood  by
increas ing  the  LDL recep tors  in  the  l ive r
and  acce le ra t ing  the  metabol i sm of  LDL
choles te ro l .  Es t rogen  a l so  s t imula tes  the
endothe l ium to  p roduce  n i t r i c  ox ide
(endothe l ium der ived  re lax ing  fac tor )  and
hence causes the vasodilatation. Whereas in
the postmenopausal, estrogen deficient state,
th i s  p ro tec t ive  sh ie ld  o f  es t rogen  i s  los t
and  the  l eve l s  o f  LDL s ta r t  r i s ing ,
thus  d i s to r t ing  the  HDL/LDL ra t io  &
render ing  pos t  menopausa l  women more
vulnerable to coronary artery disease due to
a therosc lero t ic  changes .

Gordon  e t  a l  (2 )  repor ted  tha t  bo th
surg ica l  and  na tura l  menopauses  a re
associa ted  wi th  increased  r i sk  of  coronary
ar te ry  d i sease .  The  presen t  s tudy  was
conduc ted  to  eva lua te  the  ven t r icu la r
per formance  in  women wi th  na tura l
menopause  and  in  those  wi th  surg ica l
menopause, in comparison to pre menopausal
women,  by  measurement  o f  sys to l ic  t ime
intervals which is  a noninvasive method of
assessing the cardiac function (3).

MATERIALS AND METHODS

The study was conducted on a total of 75
volunteers who were taken from the outdoor
patients of the Department of Obstetrics and
Gynaecology a t  Dayanand Medical  Col lege
and Hospital, Ludhiana and from some other
inst i tut ions in Ludhiana.  25 healthy women
of age group 30–40 years, without any cardio
respiratory problem, were taken as controls
(Group A). Group B consisted of 25 healthy
pos tmenopausa l  women wi th  na tura l
menopause  of  2  years  o r  more  dura t ion
and  Group  C cons i s ted  of  25  hea l thy
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RESULTS AND DISCUSSION

There is  non significant  increase in pre
e jec t ion  per iod  indices  (PEP-I)  and h ighly
s ign i f ican t  decrease  in  l e f t  ven t r icu la r
e jec t ion  t ime indices  (LVET-I)  a long wi th
prolongat ion of  PEP/LVET rat io  (Table  I I )
in  na tura l  menopause  women as  compared
to controls.  Total electromechanical systolic
period indices (QS2-I) is showing significant
decrease .  The  decrease  of  QS 2- I  in  th i s
could possibly be due to greater decrease of
Lef t  Vent r icu la r  E jec t ion  Time and  less
increase of Pre Ejection Period. In Surgical
menopause  group ,  there  i s  s ign i f ican t
increase in QS2-I, PEP-I and PEP/LVET ratio
along with s ignif icant  decrease in  LVET-I .
Lengthening of QS2 can be explained due to
grea te r  inc rease  in  PEP than  the  decrease
of LVET. On comparing the groups B and C,
it is observed that there is highly significant
increase in QS2-I, PEP-I and PEP/LVET ratio
in Group C cases.

TABLE I : Age  and  number  o f  sub jec t s .

Pre menopause Na tura l Surgical
w o m e n menopause menopause

n=25 n=25 n=25
(Group A) (Group B) (Group C)

Mean age
(in years)

35.24±2.77 58.96±6.95 48.28±9.50

Data are shown as means±SD.

TABLE II : Mean  STIs  and  STI  ind ices  fo r  a l l  g roups .

S T I Pre menopause Natural menopause Surgical menopause t-value t-value t-value
(mil l iseconds) A & B A & C B & C

(A) (n=25) (B) (n=25) (C) (n=25)

Mean QS2 353.76± 14.3 350.64± 17.32 372.44± 19.68 0.68NS 3.76** 4.07**
Mean LVET 263.6± 9.24 247.92± 17.72 245.16± 15.05 3.84** 5.11** 0.58NS

Mean PEP 90.16± 10.18 102.7± 14.88 127.3± 20.27 3.40** 8.02** 4.79**
Mean QS2-I 510.64± 15.68 502.64± 11.65 535.24± 19.95 2.00* 4.74** 6.92**
Mean LVET-I 389.10± 13.58 369.52± 12.61 375.4± 14.42 5.18** 3.38** 1.44NS

Mean PEP-I 121.53± 25.23 133.12± 15.08 159.84± 20.43 1.91NS 5.73** 5.15**
PEP/LVET ratio 0.34± 0.04 0.42± 0.08 0.52± 0.10 4.38** 8.18** 3.82**

Values are shown as means ± SD. NS – not significant, *P<0.05, **P<0.01.

ven t r icu la r  p ressure  and  con t rac t i l i ty  o f
cardiac muscle .

The PEP/LVET ratio gives the diagnostic
value of left ventricular functions. When the
card iac  per formance  i s  d imin ished ,  there
occurs  increase  in  PEP/LVET ra t io .  Th is
ratio is inversely correlated with the ejection
f rac t ion  as  de te rmined  by  the  invas ive
techniques  (9 ) .  PEP/LVET ra t io  cor re la tes
well with internally recorded parameters (8,
10) and inversely correlates with the ejection
fraction (3). The Systolic time interval indices
(STI-I) were calculated by applying correction
for  hear t  ra te  accord ing  to  the  Weiss le r ’ s
l inear  regression equation (11) as:

QS2–I = 2.0 X HR + QS2

LVET–I = 1.6 x HR + LVET

P E P – I = 0.4 x HR + PEP

This  i s  s t i l l  cons idered  a  s tandard
equation for clinical application. In case the
heart rate is below 110 beats/mm, PEP/LVET
rat io  i s  unre la ted  to  hear t  ra te .

S ta t i s t ica l  Analys is  was  done  by  us ing
Students  pa i red  t - tes t .
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Decrease  in  LVET-I  ind ica tes  poor
pumping  ab i l i ty  o f  l e f t  ven t r ic le  and
increase  in  PEP prov ides  an  ind i rec t
measurement  o f  maximum ra te  o f  r i se  in
pressure  (dp /d t )  which  i s  d i rec t ly  re la ted
to  the  i sovolumet r ic  con t rac t ion  phase .
The  PEP/LVET ra t io  cor re la tes  wel l  wi th
the  e jec t ion  f rac t ion  and  i s  an  impor tan t
measure  o f  the  l e f t  ven t r icu la r  func t ion
(9).

In  our  s tudy ,  sys to l ic  dysfunc t ion  i s
s igni f icant ly  more  in  Group C (PEP/LVET
ratio is 0.52±0.10) as compared to Group B
(PEP/LVET ratio 0.42±0.08).  This could be
attr ibuted to sudden withdrawal of estrogen
levels in surgical menopause as compared to
the  gradua l  dec l ine  o f  hormone  leve l s  in
natural menopause (12). The age factor does
not  appear  to  con t r ibu te  in  sys to l ic
dysfunc t ion ,  as  mean  age  of  g roup  B
(58.96±6.95 years)  is  more as  compared to
Group C (48.28±9.50 years) (Table I).

The  fa l l  in  the  es t rogen  leve l  in  the
pos t  menopausa l  women cause  decrease
in  myocard ia l  e f f ic iency ,  p robably  due
to  a therosc le ros i s  caused  by  the  change
in  l ip id  p rof i l e  and  less  respons ive
es t rogen  dependent  recep tors  p resen t  in
smooth  musc le  o f  coronary  b lood  vesse l s ,
endothe l ium and  card iomyocytes .  The
other  e f fec t  cou ld  be  a t t r ibu ted  to  the
decrease  in  es t rogen  media ted  produc t ion
of NO, and hence decrease in vasodilatation
(1, 13, 14, 15, 16).

The  observed  increase  in  PEP in  pos t
menopausal subjects (in Group B and C) is
due to  increased forward res is tance due to

above factors and decrease in LVET due to
decreased  myocard ia l  per fus ion ,  which
decreases the abi l i ty  of  the myocardium to
sustain contraction.  In mild left  ventricular
fai lure,  the PEP lengthens in proport ion to
the shortening of LVET and the QS2 remains
same; but with the progress of dysfunction,
there  i s  more  increase  in  PEP than  the
shor ten ing  of  LVET and  th i s  causes
lengthen ing  of  QS 2.  Hence  the  per iod  of
sys to le  encroaches  over  the  d ias to l ic
per iod  caus ing  decrease  the  myocard ia l
per fus ion .

PEP/LVET ratio is 0.52±0.10 in surgical
menopausal  group and 0.42±0.08 in natural
menopausa l  g roup ,  ind ica t ing  mi ld  l e f t
ventr icular  dysfunct ion in  both the groups,
bu t  th i s  sys to l ic  dysfunc t ion  i s  more  in
women wi th  Group  C.  An increased  ra t io
ind ica tes  the  fa l l  in  e jec t ion  f rac t ion  and
hence  decreases  the  s t roke  vo lume,  which
leads to increases the end diastolic volume
and stretching of myocardial fiber which, if
occurs beyond the physiological limits, leads
to  fur ther  fa l l  in  the  e ject ion f ract ion and
the  s t roke  vo lume.  This  may  decrease  the
coronary blood flow and myocardial perfusion
and  fur ther  accen tua te  the  ca rd iac
dysfunction, thus leading to clinically evident
left  heart  failure.  The increase in ratio can
de te rmine  a  p rec l in ica l  o r  compensa ted
stage of cardiac disorder which may lead to
c l in ica l  phase  o f  ca rd iac  decompensa t ion
(17) .  STIs  and  STI  indices  de tec t  the  le f t
hear t  dys func t ion  before  the  appearance
of cl inical  s igns and symptoms and can be
usefu l  in  the  de tec t ion  and  preven t ion  of
coronary ar tery disease in post  menopausal
w o m e n .
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