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Abstract: Syslolic time imervals (5TI) are semilivc indices of myocardial function. I'assive tilting is a
rapidly reversible and non-invasive mclllod for inducing cardiova'iCular sIren. The pre.em work waS con
ducled to sludy lhe effeCl of graded head-up till (HUn on Sll. 20 male medical 'ludenu were subjected 10

30",60" and 80" IIUT on a lilling lable. ECG, phonocardiogl'1lm and enotid pulse were recorded simulta
neously on Grass polygraph. Electromcchanical syslolc (Q5,). lerl Velllncular ejeclion lime (LVEn. pre·
ejection period (PEP), PEP/LEVT ratio. heart rale (IIR) and oom:ctcd S11 were determincd immedialely after
and at 1,2.3,4 tnd 5 min afler each angle lilt. HUT produced a decreue in QS, "..hich was more pro
nounced al higher angle till. LVET decrca'iCd aflcr (j(f' and 80" HUT. PEl' and I'EP/LVET ratio decreased
afler each angle lill. These changes in S11 can be explained on the Nsis of sympalhctic slimulation·induCl.'d
increase in the inotropic Slale of the hean.
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INTRODUCTION

Systolic timc intervals (STI) arc sensitive indices
of myocardial performancc and arc idcal for assess
ment of the inotropic stmc of norm"l as wcll as dis
e~d heart (1.2). There arc a number of reports on
the effect of heart diseases on STI (3-7). Howevcr. the
effect of passive tilting on STI has not received due
attention and the normal data in Indian population is
not adequate. Passive tilting is an easily gradable,
rapidly reversible and sensitive method for producing
postural stress on the cardiovascular system. Tilting
can be used for assessing the integrity of aUlOnomic
cardiovascular regulatory me<:hanisms in physiological
as well as clinical situations. Tilting as well as mea
surement of STI arc non-invasive and sensitivc tcsts.
Hence, wc planned to Study the effect of heat-up tilt
(HUT) on STI in normal young healthy volunteers.
The effects of tilting arc likely to be innuenced by the
degree of the tilt as well as the duration for which the
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subject is tilted (8). Therefore, we Sludied the time
course of STI changes after 30"', 600 and 800 HUT.

METHODS

This study was conducted on 20 healthy male
medical,studcnts aged 18-20 yr. A few days before the
study, the subjects were acquainted with the laboratory
environment and familiarised with 30"', 60" and 80°
HUT. After explaining the experimental design, in
formed consent was obtained from !.hem. On the day
of !.he test, !.he subject reported at the laboratory 2 h
after a light breakfast. The laboratory temperature was
maintained at 27±1°C. After 30 min of rest and in
structions, the subjoct was made to lie supine on a
tilting table and straps were applied at the levels of
knees, waist and shoulders. During the HUT the
subject's fcct were supported by a foot board. Care
was taken to sec that !.here was no discomfort to the
subject or interference with his breathing. Lead II
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ECG, phonocardiogram and carotid pulse were re
corded simultaneously on Grass model 7 polygraph.
Electromechanical systole (QS1) was measured as the
time (ms) from the onsct of QRS complex to the fim
high frequency vibration of the second heart sound.
Left ventricular ejection time (LVEl) was measured
as Ihe duration (ms) between the beginning of the
upstroke 10 the trough of the dicrotic notch of the
carotid pulse tracing. Pre-ejection period (PEP) was
calculated as the difference between QSl and LVET
(PEP:; QS1-LEVl). Heart rate (HR) was calculated
from RR interval of the ECG. To calculate STI indi
ces, the values were corrected for HR using Weissler's
original HR-STI regressions (9). The recordings were
taken in the following sequence.

1. Control (before tilt) : to min after supine rest
on the tilting table

2. After 30° HUT
3. After 60° HUT
4. After 80° HUT

Between each tilt, the subject was tilted back to
horizontal position and rested for 10 min. At each
angle tilt the recordings were taken immediately after
and at 1, 2, 3, 4 and 5 min after the tilt.

The data was subjected to statistical analysis
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using Student's "t" test. P values of less than 0.05
were taken as statistically significant.

RESULTS

The results are given in Table t, II and m.
Effecl of 3(}O HUT (fable I): Immediately after

30° HUT, QSl decreased insignificantly. I min after
the tilt, it returned towards the control value and
remained relatively stable throughout the duration of
the tilt. LVET increased up to I min after the tilt
followed by a small recovery. But, this increase in
LVET was not statistically significant PEP showed a
sharp but insignificant decrease immediately after the
tilt. At 1 min it dccre.1scd further followed by a pro
gressive increase throughout the 5 min study period.
These changes in PEP were not significant statistically.
PEPILVET ratio decreased immediately after the tilt.
1 min post tilt the ratio showed a further and signifi
cant decrease. Thereafter, it showed a progressive
recovery, but remained lower than the control through
out the duration of the till. The decrease in PEPILEVT
ratio at I and 2 min was statistically significant (P <
0.02 and < 0.05 respectively). Immediately after the
tilt, HR was significantly higher than the control value
(P < 0.05). However, the HR returned towards the
control at I min after the tilt.

TABLE I : Effect of 30" head·up till 011 syslolic time illlcrvals (ill milli sec).

Before lilt After lilt
IfI1II14dw>le I ",ill 2 ",ill J ",ill 4 mill S mill

QS, 335.2 313.3 327.0 332.2 332.2 332.2 33"'"
(ms) ±13.23 ±12.31 ±12.82 ±S.I" ±7.OO ±6A9 ±6.22
LVET 237.6 2"5.5 260.0 258.8 253.3 251.1 252.2
(mJ) ±13.<19 ±11.63 ±6.41 ±""'I ±5.82 1".63 14.32
PEP 97.64 68.88 65.88 73.33 78.88 81.11 82.22
(ms) ±1"-33 112.75 18.36 ±S.82 ±S.93 ±6.15 17.02
P£:P/LVET 0"'6 0.33 0.2" 0.28 0.31 0.32 0.32
ratio .to.08 to.09 .to.03· • .to.02' to.02 to.02 tOOJ
fiR 70.33 80.15 69.8 71.55 71.2 71.6 73.15
beals/min 11.93 ±3.65· il.19 ±1.90 il.79 il.84 12.20
QS,I 497.37 "84.3 "78.72 "75.13 "84"'6 '90 "91.96

".69 ±11.I" ±1268 112.OS 17.95 <6.00 <6.03
LV£:TI 364.<11 384.02 366.77 373.26 377.26 375.33 37".76

111.53 ±10.60 110.21 110.10 14.67 ±S.16 ±S.61
PEPI 132.96 100.32 107.9" 101.18 107.2 114.66 117.2

113.40 ±16.71 18.07 ±6.88· ±7.17 18.92 18.79

Values are mcalls 1 SEM.
QS, ; elcctromechanical systolc; LV£:T : left vClllricular ejectiOll time;
P£:P ; pre-ejeclion period; IIR : hcan ralC; QS.I : QS. indell; LVETI : LVET indell;
l'EPI : PEP inOell.
'P < 0.05; "P < 0.02.
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Effect of 600 /lUI' (Table II) QSl decreased
immediately afler 600 HUT. Thereafter, il remained
relatively stable UplO 4 min, but decreased further
(P < 0.05) at 5 min pOSt till. LVET showed a
small and insignificant decrease at I min afler
which its value remained insignificantly lower than
the control. PEP decreased immediately after the
tilt and thereaftcr its value Ouetuatcd bUI remained
insignificantly lower than the control throughout the
5 min duration of the till. PEPILVET ralio decreased
immediately after the tilt but recovered partially at
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I min poSt tilt, so that its value was insignificantly
lower than the control during the 5 min study perioo.
There was a significant (P < 0.001) increase in
HR immediately aftcr the tilt. This significant
tachycardia was maintained throughout the study
period. In general, the changes in corrected STI
indices were not statisticallY' significant except
that immediately afler the lilt, LEVTI was higher
than the control and PEP I was lower than the
control, both these changes being statistically sign i
ficalll.

TARLE D : Effe:ct of 60" head·up tilt on systolic Lime: intcrvals.

Before lill AfltT Ii/I

Itnmedwle J mill '1 min 3 min 4 min 5 mill

05, 335.2 313.7 314.1 305.8 306.6 308.8 304.4
(ms) t13.23 t7.89 ±8.18 ±6.58 ±7.58 ±6,5l ±6.77·

LVET 237.6 238.7 227.0 227.0 22.5.5 232.2 222,2
(ms) t13.49 ±6.18 ±6.16 16.84 t4.79 ±4.88 ±S.08

PEP 97.64 75.0 87.05 78.82 81.11 77.77 8LlI
(ms) tI4.33 ±S.01 ±8.21 ±6.74 ±S.23 M.23 t7.13

PEP/LVET 0.46 0.31 0.39 0.35 0.35 0.33 0.17
ratio ±<l.08 to 02 to.04 to.03 :W,02 to.03 to 03

fiR 70.33 81.89 78.65 83.85 85.0 83.65 84.7
beals/min ±1.93 ±2.25· ••• ±2.37···· ±2.24··· • ±2.04···· tl.54···· ±1.67····

QS,' 497.37 497.16 481.33 478.85 485.3 491.42 485.73
±S.69 t12.48 ±8.31 ±7.97 ±7.87 t7.94 ±8.10

LVEll 364.41 395.98 366.66 370.37 376.t 376,67 369.46
±ILS) ±8.56· ±S.IO' ±6,02 ±S.14 ±4.77 ±4.07

PEPf 132.96 101.17 114.66 108 48 110.53 117.41 116,26
tl3.40 ±7.50· ±10.17 ±8.88 15.67 ±'9.86 ±10.02

V.lues are me.ans ± SEM.
QS, : electromechanical systole; LVET: left venLricular ejection time;
PEP: prc~jcclion period; IIR : heart rate:; QS,' : QS, index; LVETI : LVET indCll;
PEPI : PEP indell .
• p <: 0.05; "P <: 0.02; .... p <: 0.001

Effeel of 80° HUT (Table Ill): There was
immediate and significant (P < 0.02) decrease in
QSl after 80° HUT. Except at 2 min post tilt,
the value of QSl was significantly lower than the
control throughout the study period. The values of
LVET, PEP as well as PEPILVET ralio decreased
after the tilt and remained insignificantly lower.

lhan the control throughout the 5 min duration of
the study. There was a significant (P < 0.001)
tachycardia immediately afler the tilt which was
maintained throughout the study period. In general,
the pattern of changes in corrected STI indices
followed lhose of the STI changes. However. these
change were not statistically significant.
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TABLE m ; FJfecl 01 80" head-up tilt on systolic time intervals.

Brf(Jrtllill After ,ill

I_diau 1 min 2 min 3 mill 4 min oS min

05, 335.2 296.4 302.3 305.8 295.2 300.0 304.7
(ms) 113.23 18.260 • 17.83' 17.42 ±6.7S" 17.52" ±6.30"

LVET 231.6 224.7 217.6 222.3 221.1 220.0 223.5
(ms) 113.49 ±S.82 >5.65 ±5.6S 14.68 16.32 ±4.92

PEP 97.64 72.94 84.70 83.52 75.29 80.0 81.17
(mi) t14.33 t8.73 11.38 11.52 16.97 18.36 ±S.S4

PEP/LVET 0.46 0.33 0.39 0.38 0.33 0.37 0.36
ratio ±Q.08 <0.04 <0.04 <0.04 ±<l.OJ to.OS <0.02

HR 70.33 83.6 86.0 86.45 .." 8" 89.S
beats/min 11.93 ±l.O)·· .. ±2,46..•• ±l.O?··.. ±l.ll o ., • ±3.07.. •• ±l.SI····

QS,! 491.37 483.75 485.93 480.74 482.56 482.56 489.36
±S.69 i9.66 ±6.49 i9.02 17.88 17.88 t8.40

LVEll 364.41 370.34 362.2 364.16 370.45 363.9 368.04
111.53 ±S.24 17.28 ±6.99 ±S.2S 14.35 16.69

PEPI 132.96 113.41 123.73 117.92 112.10 125.46 121.81
±13.40 ±11.42 ±9.91 ±10.54 ±8.45 ±9.85 ±8.80

Values an: means ± SEM.
QS, : elcctromcchanical systole; LVET: Icfl vcmricular CjCCtiOfl lime;
PEP : prc~jcclion period; IIR : hcart rate; QS,I : QS. indcx; LVETI : LVET indcx;
PEPI : PEP index.
• p < 0.05; "P < 0.02; ••• p < 0.01; ....p < O.IX)!.

DISCUSSION

STI correlate well with invasively determined
measures of myocardial performance (l, 2). Being
non-invasive and useful measures of left venlIicular
function (10), they have been used by a number of
workers for assessing cardiac function in clinical situ
ation (I, 5, 6, 10-12). In the present study, we have
determined the effect of HUT on STr. Maximum tilt
used was 80° since the hydrostatic cffeclS of 80° tilt
are quite similar to those of 900 tilt (sin 80° = 0.98;
sin 90° = I) whereas the subject feels more comfort
able and relaxed at 80° tilt.

Tilting produced a decrease in QS1' the decrease
being more at higher angle till. This decrease in
QSl could be due to shortening of cardiac cycle time
as a result of tilt-induced lachycardia (8). Stafford et
a1 (1,3) also have reported a decrease in QS2 after
HUT. Cokkinos et a1 (14) have reported that LVET
decreases when heart rate is increased by right atrial
pacing or by atropine adminislIation. Stafford et al

(l3) have reported a decrease in LVET after HUT.
However, in the present study, LVET decreased only
during 60° and 80° HUT and !.he decrease was not
statistically significanL Gillian et al (10) have reported
exercise induced slight decrease in LVET in normal
subjects. This suggests thal the tilt induced decrease
'in LVET is due to an increase in the inolropic Slate
of the heart as a result of sympathetic stimulation. The
gravitation-induced decrease in venous return and
stroke volume will also produce a decrease in LVET,
sympathetic stimulation and release of catecholamines
improve contrJctility and decrease PEP (ll, 15). PEP
includes isovolumetric contraction phase and is a good
measure of contractility, since it has a significant cor
relation with left ventriculnr dP/dt (10). PEP/LVET
ratio also has been shown to have an excellent corre
lation with myocardial contractility (I). In the present
study PEP as well as PEPILVET ratio decreased after
HUT, the dlXrease being simil,u in pattern in all the
three angle tilts. This decrease in PEP and PEPILVET
ratio indic3tes an increase in the inotropic state of the
heart as a result of HUT. The pattern of changes in
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the calcul3ted 511 indices was in general, similar to
those of 5TI.

30° HUT produced a uansient but significant
tachycardia. During 60° and 80° tilt. there was a
sustained and significant increase in HR, the degree of
tachycardia being more at higher angle tilt. Tilting
produces a gravity-dependent venous pooling and a
decrease in cardiopulmonary blood volume und pulse
pressure. This results in a reduction in the inhibitory

afferent uamc from the low pressure cardiopulmonary
mechanoreceplors and high pressure systemic arterial
barorcceplOrs and a consequent rcne:o: tachycardia
(16. 17).

In conclusion, our sludy shows that HUT
produces a decrease in STI and this can be e:o:plained
on the basis of increase in the sympathetic aClivity
during the tilt.
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