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Abstract  :  In  th i r ty  e ight  young hea l thy  adul t  subjec ts ,  card iac  output
was  de te rmined  non- invas ive ly  by  us ing  two  methods  o f  e l ec t rode
placement  v iz .  ver t ica l  (uses  s i lver  bra ided wires  in  a  band shape)  and
horizontal  (conventional  st ick-on type surface ECG electrodes),  using the
technique of Impedance Cardiography. The recordings were taken in supine
pos i t ion  on  the  same  day  in  two  separa te  se t s  wi th  30 .0  min  in te rva l
be tween two se ts .  In  each  se t  of  recording ,  f ive  success ive  recordings ,
each at an interval of five minutes were taken. The mean values of cardiac
ou t  pu t  by  two  methods  were  compared .  For  the  se t  I ,  t he  r e spec t ive
values  (Mean±SD) of  cardiac  output  by hor izonta l  and ver t ica l  methods
for the each of the five recordings were 4.87±0.77 and 5.03±0.64 for the
first, 4.87±0.71 and 4.91±0.66 for the second, 4.99±0.67 and 5.00±0.70 for
the third, 4.78±0.69 and 4.98±0.61 for the fourth, 4.84±0.69 and 4.98±0.62
for  the  f i f th  record ing  in  sup ine  pos i t ion .  The  respec t ive  P  va lues  fo r
these  pa i r s  fo r  be tween  the  g roup  compar i sons  were  0 .33 ,  0 .50 ,  0 .96 ,
0 .17 ,  and  0 .36 .  In  add i t ion ,  to  see  the  r epea tab i l i ty  fo r  each  method ,
within the group comparison was done,  the P values were 0.71 and 0.91
for the horizontal  and vert ical  methods,  respectively.  The mean value of
ca rd iac  ou tpu t  d id  no t  d i f f e r  s ign i f i can t ly  be tween  two  methods  fo r
recordings of  set  I I  in  supine posi t ion.  The cardiac output  measurement
by  p lac ing  four  spo t  e lec t rodes  hor izon ta l ly ,  gave  cons i s ten t  r esu l t  on
repea ted  measurements  and  the i r  va lues  showed  concordance  wi th  the
cardiac output  values obtained by conventional  four band electrodes t ied
a round  the  ches t .
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I N T R O D U C T I O N

For  many  pa t ien t s  in  ICU or  in
emergency  medic ine  un i t  o r  those  be ing

inves t iga ted  fo r  some card iovascu la r
complaint, simply measuring heart rate (HR)
and  b lood  pressure  does  no t  p rov ide
adequate data on their  haemodynamic state.
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Card iac  ou tpu t  (CO)  i s  the  func t iona l
express ion  of  ca rd iovascu la r  per formance
and can be used to confirm the need for, or
e f f icacy  of  t rea tment .  Dete rmina t ion  of
cardiac output is  an important procedure in
in tervent ional  card io logy and  a lso  used  in
cardiothoracic  surgery (1) .  To est imate CO
in clinical practice, several invasive methods
are available.  These are the Fick’s method,
dye-dilution and thermo-dilution techniques.
Currently, thermo-dilution technique is used
most commonly for measurement of cardiac
output. These requires catheterization of the
pat ient  which i t se l f  adds  to  morbidi ty  and
sometimes mortality of patient. It gives only
intermit tent  measurement  of  cardiac  output
of the patient.  Alternatively,  the method of
Impedance  Card iography  wi th  i t s  severa l
advantages  i s  a  p romis ing  method  to
measure cardiac output  (2,  3,  4) .  Currently
ex is t ing  impedance  based  card iac  ou tpu t
monitors operate by emitt ing a low voltage
(2 .5  to  4  mA),  h igh- f requency  (50  to  100
kHz),  a l ternat ing electr ical  current  through
the thorax via spot or band electrodes. The
e lec t r ica l  impedance  changes  accord ing  to
changes in  the volume and veloci ty  of  the
blood flow, in the thoracic aorta within the
thorax are detected by sensing electrode as
pulsatile decreases in impedance (dZ), which
can  be  fu r ther  expressed  as  i t s  de r iva t ive
(dZ/dt) .  This  derivat ive has been shown to
propor t iona l  to  the  s t roke  vo lume.  Along
with heart rate it gives us CO of the patient.

There are various types of electrodes and
their  method of  placement across the chest
wal l .  The  ind igenous ly  deve loped  Card iac
Output Monitor by Bhabha Atomic Research
Center (BARC) uses the four band electrodes
using vertical method (also called as Neck-
abdomen method)  o f  e lec t rode  p lacement .

This  method requires  specia l  type  of  band
electrodes made out  of  braided s i lver .  The
four  electrodes are  placed above and other
four  be low the  ches t  wal l ,  inner  four  a re
voltage sensing electrodes while outer  four
a re  s t imula t ing  or  cur ren t  in jec t ing
e lec t rodes .  I t  i s  cumbersome and  very
uncomfortable to the patient. Purpose of this
study was to search a convenient method of
e lec t rode  p lacement  us ing  s tandard  s t ic -on
type  sur face  ECG e lec t rodes  fo r  ca rd iac
outpu t  de te rmina t ion  us ing  noninvas ive
impedance  card iography .  For  th i s  we
compared  the  ver t i ca l  e lec t rode  p lacement
method  us ing  band  e lec t rodes  wi th  the
horizontal electrode placement method using
convent iona l  s t i ck  on  type  sur face  ECG
elec t rodes .

M E T H O D S

We car r ied  ou t  ca rd iac  ou tpu t
determination in thirty-eight young, healthy
male adults  (mean age-28 yrs,  range 22–34
yrs ) ,  wi thout  h i s to ry  of  any  d i sease .  Two
methods of electrode placement i.e. Vertical
(Neck-abdomen) method and newly proposed
horizontal  method were used.  We measured
card iac  ou tput  by  Card iac  Output  Moni tor
indigenous ly  developed by  Bhabha  Atomic
Research Center  (BARC),  Mumbai  (5) .  For
the  ver t i ca l  method  (F ig .  1b)  the  Card iac
Output Monitor was connected to subject via
four  band  e lec t rodes ,  which  a re  s i lver
bra ided  long  s t r ips ,  soaked  in  wate r  jus t
before use. Among four band electrodes used,
two were current injecting electrodes (I1, I2)
and  o ther  two were  vo l tage-sens ing
e lec t rodes  (V 1,  V 2) .  The  lower  thorac ic
voltage-sensing electrode (V1) was placed at
the  level  of  the  x iphis ternum and cervica l
sensing electrode (V2) was positioned at the
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base of neck. The current injecting electrodes
de l iver ing  an  a l t e rna t ing  cur ren t  4  mA a t
50 kHz were placed with one (I1) at top of
the  neck  5  cm above  the  cerv ica l  sens ing
electrode and the other (I2) 5 cm, below the
thorac ic  sens ing  e lec t rode .  Dur ing  the
record ing  procedure  the  band  e lec t rodes
were made wet with the help of cotton swab
soaked in water  to ensure proper electr ical
contact with the body surface. In horizontal
method, (Fig. 1a) two current injecting spot
e lect rodes  ( I 1,  I 2)  were  placed on mid arm
laterally one on right (I1)  and other on left
( I 2)  s ide  and  the  vo l tage  sens ing  spo t
e lec t rodes  were  p laced  a t  2nd  in te rcos ta l
space along the anterior axillary line which

is  ana tomica l ly  cor responds  the  l eve l  o f
aor t i c  a rch .  The  e lec t rodes  used  were
s tandard  s t i ck  on  sur face  ECG e lec t rodes .
The  Cardiac  Output  Moni tor  es t imated  the
s t roke  vo lume (SV)  f rom the  impedance
s igna l  recorded  f rom the  inner  pa i r  o f
e lec t rodes  us ing  Kubiceks  equa t ion  as ,
SV = ρ  L 2LVET (dz /d t )m/Z 0

2,  where
ρ = resistivity of blood in Ω-cm, L = distance
be tween  two sens ing  e lec t rodes  in  cm,
Z 0 = mean basal thoracic impedance in Ω ,  (dz /
d t )  m = maximum ra te  o f  change  of
impedance in Ω/sec. While all the recordings,
the  va lue  of  basa l  impedance  was  kep t
around ‘28±3 Ω’ by ensuring proper electrical
contact of electrodes with body surface, and
also by adjusting the inter electrode distance
for  the  sens ing  e lec t rodes .  The  card iac
outpu t  was  ca lcu la ted  as  the  p roduc t  o f
s t roke volume and hear t  ra te .  The Cardiac
Output  Moni to r  au tomat ica l ly  averages
s t roke  volume over  ten  cardiac  cycles  and
displays  cardiac  output .

In  two separa te  se t s  namely  Se t  I  and
Set II, five successive recordings were taken
at  the  in te rva l  of  f ive  minutes  us ing  both
method  of  e lec t rodes  p lacement .  Af te r
completing the set I recording, the electrodes
were not removed. There was interval of 30
min  be tween  se t  I  and  se t  I I  r ecord ings .
Thus ,  to ta l  t ime  requ i red  to  comple te
recording of one subject  was about 90–100
min .  This  record ing  pro toco l  p rov ided  an
oppor tuni ty  to  see  the  repeatabi l i ty  of  the
method  by  measurement  o f  ca rd iac  ou tpu t
over extended period of about 90–100 min.

The data  analys is  was  done  us ing  SAS
8.0 statistical package. Descriptive statistics
has been calculated for both the method at
each point  t ime. To see difference between

Fig.  1 : Placement of electrode on the body surface for
de te rmina t ion  o f  ca rd iac  ou tpu t  us ing
Impedance  Card iography  (a )  For  hor izon ta l
p lacement  o f  e l ec t rodes  and  (b )  For  ve r t i ca l
placement  of  e lect rodes .  Four  e lect rodes ,  two
cur ren t  in jec t ing  e lec t rodes  ( I 1,  I 2)  and  two
voltage sensing electrodes (V1,  V 2) were used.
In  ver t ica l  p lacement  of  e lect rodes  four  band
electrodes were used, V1 is placed at the base
of neck and I1 is placed 5 cm above it  at  the
top  o f  neck ,  V 2 i s  p laced  a t  the  l eve l  o f
Xiphisternum and I 2 is  placed 5 cm below i t .
In  hor izon ta l  p lacement  o f  e l ec t rodes  four
s t andard  ECG sur face  e l ec t rodes  were  used .
The  cur ren t  in jec t ing  e lec t rodes  I 1 and  I 2
placed on the  mid-arm la tera l ly ,  one on each
s ide  and  the  vo l t age  sens ing  e lec t rodes  (V 1,
V2) were placed at the second inter costal space
along anterior axil lary l ine,  one on each side.
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calculated the values for cardiac index. The
cardiac index values (L/min/m2) by horizontal
and vertical method for five recordings were
2 .90±0.61  and  3 .00±0.63 ,  2 .87±0.61  and
2 .92±0.60 ,  2 .98±0.70  and  2 .98±0.63 ,
2 .86±0.67  and  2 .97±0.62 ,  2 .89±0.62  and
2 .97±0 .60  respec t ive ly .  The  respec t ive  P
values for these pairs were 0.48, 0.67, 0.96,
0.44, and 0.57. Also to see the repeatability
for  each  method ,  wi th in  the  group
comparison was done, the P values were 0.85
and  0 .93  for  the  hor izon ta l  and  ver t i ca l
methods respectively.  Also the mean values
for  s t roke  vo lume (ml)  the  impor tan t
de te rminant  o f  ca rd iac  ou tpu t ,  by  the
horizontal and vertical methods respectively
for  f ive  success ive  record ings  were
69.55±12.06 and 69.03±10.42,  68 .84±11.69
and  67 .60±11.00 ,  71 .49±12.96  and
68 .45±9.80 ,  69 .37±13.08  and  69 .29±10.26 ,
68 .82±12.36  and  68 .69±10.54 .  The
corresponding P values for these pairs were
0.84, 0.64, 0.25, 0.98 and 0.96. The within
the groups comparison P value was 0.75 for
the both groups.  Thus the value of  cardiac
outpu t  by  bo th  the  methods  showed
concordance among them. These values were
also repeatable over a period of time during
the same set  for  both the methods.

the  two methods  a t  each  t ime  po in t  the
s tuden t  t  t e s t  was  used  and  to  see  the
t rend  for  each  method ,  repea ted  measure
ANOVA was  used .  The  above  s tudy  was
approved  by  medica l  e th ics  commit tee  o f
Al l  Ind ia  Ins t i tu te  o f  Medica l  Sc iences ,
New Delhi – 110 029.

R E S U L T S

Set  I  (Table  I ) :

The mean value of cardiac output (L/min)
for the five successive recordings in supine
posit ion by horizontal  and vert ical  methods
were 4.87±0.77 and 5.03±0.64 for the first ,
4 .87±0 .71  and  4 .91±0.66  for  the  second ,
4 .99±0.67  and  5 .00±0.70  for  the  th i rd ,
4 .78±0.69  and  4 .98±0.61  for  the  four th ,
4 .84±0.69  and  4 .98±0.62  for  the  f i f th
record ing  respec t ive ly  fo r  each  pa i r .  For
between the group comparisons at each time
point, the respective P values for these pairs
were 0.33, 0.50, 0.96, 0.17 and 0.36. Also to
see the repeatability for each method within
the group comparison was done, the P values
were  0 .71 and 0 .91 for  the  hor izonta l  and
ver t i ca l  methods  respec t ive ly .  Cons ider ing
the importance of body surface area we also

TABLE I : Cardiac  output  (L/min) ,  CI :  Cardiac  Index (L/min/m2)  and SV:  St roke
Volume (ml)  values by Horizontal  (H) Vert ical  (V) methods in set-I .

T y p e (M±SD)  1 2 3 4 5 P

H 4.87±0 .77 4 .87±0 .71 4 .99±0 .67 4 .78±0 .69 4 .84± 0 .69 0 .71
V 5 .03±0 .64 4 .91±0 .66 5 .00±0 .70 4 .98±0 .61 4 .98± 0 .62 0 .91

C O P 0 .33 0 .50 0 .96 0 .17 0 .36

H 2 .90±0 .61 2 .87±0 .61 2 .98±0 .70 2 .86±0 .67 2 .89± 0 .62 0 .85
C I V 3 .00±0 .63 2 .92±0 .60 2 .98±0 .63 2 .97±0 .62 2 .97± 0 .60 0 .93

P 0 .48 0 .67 0 .96 0 .44 0 .57

H 69 .55± 12 .06 68 .84± 11 .69 71 .49± 12 .96 69 .37± 13 .08 68 .82± 12 .36 0 .75
V 69 .03± 10 .42 67 .60± 11 .00 68 .45± 9 .80 69 .29± 10 .26 68 .69± 10 .54 0 .75

S V P 0 .84 0 .64 0 .25 0 .98 0 .96
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Set  II  (Table  II ) :

The mean value of cardiac output (L/min)
for the five recordings in supine position by
horizontal and vertical methods respectively
were 4.96±0.57 and 5.05±0.66, 4.71±0.56 and
4 .78±0.63 ,  4 .81±0.73  and  4 .80±0.59 ,
4 .83±0.55  and  4 .99±0.74 ,  4 .87±0.49  and
4.85±0.53.  The corresponding P values  for
be tween  the  group  compar i sons  of  these
pairs are 0.54, 0.67, 0.94, 0.27 and 0.87. Also
the P values for within the group comparison
for  the  ver t ica l  and hor izonta l  method are
0 .65  and  0 .58  respec t ive ly .  S imi la r ly  the
mean value for cardiac index (L/min/m2) for
each recording were 2.90±0.61 and 3.00±0.63
2 .87±0.61  and  2 .92±0.60 ,  2 .98±0.70  and
2 .98±0.63 ,  2 .86±0.67  and  2 .97±0.62 ,
2.89±0.62 and 2.97±0.60 with  respect ive P
values  0 .48,  0 .67,  0 .96,  0 .44,  0 .57.  The P
values for within the group comparison were
0.85 and 0.93 for the horizontal and vertical
method respect ively .  The values  for  s t roke
volume (ml)  fo r  hor izon ta l  and  ver t i ca l
method were 70.59±12.03 and 68.86±12.02,
68.72±10.04 and 69.79±12.76,  68 .65±11.94
and  70 .29±13.03 ,  69 .84±12.35  and
72.27±10.82 ,  69 .98±11.22  70 .4±10.46  wi th
corresponding P values 0.53, 0.69, 0.57, 0.37,

0.86 respectively for each pair. The P values
for  the  wi th in  the  group  compar i son  for
hor izon ta l  and  ver t i ca l  method  were  0 .98 ,
0 .21.  The value  of  cardiac  output  by both
the  methods  showed concordance  among
them.  These  va lues  were  a l so  repea tab le
over  a  per iod of  t ime dur ing the  same set
for  bo th  the  methods .  Thus  a f te r  30  min
interval in Set II,  the cardiac output values
showed s imi lar  pa t te rn  of  measurement  by
both  the  methods .

D I S C U S S I O N

The property of bioimpedance shown by
biological  t issue has been used extensively
to  measure  vascu la r  func t ions ,  mot i l i ty  o f
visceral organs, body composition and various
impedance based functions to assess various
sys tems  of  the  body  for  the  pas t  seven
decades (6, 7, 8).  Jan Nyboer (9) introduced
impedance  p le th thysmography in  1940 and
impedance cardiography by Kubicek in 1966
(10 ,  11)  to  measure  card iac  ou tput .  Large
numbers  of  invest igators  in  this  f ie ld have
va l ida ted  these  measurements  (12 ,  13) .
Comparab i l i ty  o f  Impedance  Card iography
method with other interventional procedures
has also been validated (14).

TABLE II : Cardiac  output  (L/min) ,  CI :  Cardiac  Index (L/min/m2)  and SV:  St roke
Volume (ml)  values by Horizontal  (H) Vert ical  (V) methods in set-II .

T y p e (M±SD)  1 2 3 4 5 P

H 4.96±0 .57 4 .71±0 .56 4 .81±0 .73 4 .83±0 .55 4 .87±0 .49 0 .65
V 5 .05±0 .66 4 .78±0 .63 4 .80±0 .59 4 .99±0 .74 4 .85±0 .53 0 .58

C O P 0 .54 0 .67 0 .94 0 .27 0 .87

H 2 .69±0 .66 2 .81±0 .64 2 .98±0 .71 2 .88±0 .64 2 .90±0 .60 0 .59
C I V 3 .01±0 .67 2 .85±0 .63 2 .87±0 .64 2 .98±0 .65 2 .90±0 .64 0 .58

P 0 .75 0 .83 0 .96 0 .53 0 .97

H 70 .59± 12 .03 68 .72± 10 .04 68 .65± 11 .94 69 .84± 12 .35 69 .98± 11 .22 0 .98
V 68 .86± 12 .02 69 .79± 12 .76 70 .29± 13 .03 72 .27± 10 .82 70 .4± 10 .46 0 .21

S V P 0 .53 0 .69 0 .57 0 .37 0 .86
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In  presen t  s tudy  we  compared  the
hor izon ta l  method  of  spo t  e lec t rode
placement  wi th  ver t i ca l  method  of  band
e lec t rode  p lacement .  We found  tha t  the
hor izon ta l  method  g ives  s imi la r  ca rd iac
output  measurement  as  that  of  the  ver t ical
method.  Thus ,  the  va lue  of  card iac  output
by  bo th  the  methods  showed concordance
among them.  These  va lues  were  a l so
repea tab le  over  a  per iod  dur ing  the  same
set for both the methods. The recording over
extended period starting from set I (~25 min)
to set II (~25 min) with interval of 30 min
be tween  the  two se t s ,  showed cons i s ten t
results using the surface electrodes method.
On the  con t ra ry ,  when  we  used  band
e lec t rodes  over  ex tended  per iod  they
required frequent  wett ing with cot ton swab
soaked in water for proper electrical contact.
Cons ider ing  the  approach  and  method  of
surface electrodes placement, this method is
more  convenient  to  the  pa t ien t ,  t echnic ian
and it spares the body parts for comfortable
operability.  This is of particular importance
when the cardiac output is  being monitored
in  a  pa t ien t  undergo ing  some d iagnos t ic
in te rven t ion  (e .g .  ang iography)  o r  any
thoracic  or  abdominal  surgical  intervent ion
when the body surface of the patient is less
access ible  to  put  the  e lec t rodes  because  i t
may interfere with the working field of the
operating surgeon. This non-invasive method
may have  app l ica t ion  for  ca rd iac  ou tpu t
measurement in pediatric age group in whom
cardiothoracic surgery is being performed for
improving  the i r  abnormal  ca rd iac  func t ion

due  to  p resence  of  ce r ta in  congeni ta l
abnormal i ty .  Current ly  there  is  no sui table
method  to  quant i fy  the i r  ca rd iac  func t ion .
This method with modification of electrode
s ize  and  the i r  p lacement  may  be  used  to
quant i fy  the i r  ca rd iac  func t ion  before  and
af te r  in te rven t ion .

I t  i s  in te res t ing  to  no te  tha t  the  two
methods  prov ide  comparab le  resu l t s .
Physiologically, this point can be explained.
In  the  hor izontal  method of  spot  e lect rode
p lacement ,  sens ing  e lec t rodes  were  p laced
a t  the  l eve l  o f  second  in te rcos ta l s  space
which  near ly  cor responds  to  the  l eve l  o f
aort ic  arch (15)  from where the impedance
changes  occur r ing  due  to  change  in
blood flow with every cardiac cycle can be
measured  more  accura te ly .  S ince  th i s
method is mainly based on blood flow in the
aor ta ,  i t s  va l id i ty  remains  to  be  tes ted  in
certain condit ions l ike coarctat ion of aorta.

We conclude that  the horizontal  method
us ing  Impedance  Card iography  wi th  four
surface  ECG elect rodes  is  equal ly  good to
vert ical  method for measurement of cardiac
outpu t  in  humans .
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