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  Tilt table testing is taken as a safe and effective modality for subjecting a person to strong 

orthostatic stimulus. HRV (Heart rate variability) has the potential to provide valuable insight 

into physiological variations occurring in relation to postural changes.  This study compares 

the supine basal, entire 30 minutes (Prolonged tilt), early 10 and last10 minutes (early and late 

tilt respectively) tilt HRV among themselves.13 healthy adults were subjected to 30 minutes 

head up tilt at 60 degree angle. 10 minutes basal supine HRV was compared with entire 30 

minutes, early 10 minutes and last 10 minutes tilt HRV. Stastical analysis was done using one 

way Anova with repeated measures and LSD post hoc tests. Among the time domain measures 

Mean±SEM RR interval in seconds showed significant decrease during prolonged, early and 

late tilt (0.73±0.02,0.72±0.02,0.69±0.02 respectively) as compared to the basal 

(0.81±0.02).The Mean±SEM heart rate in beats per minute showed significant increase during 

prolonged, early and late tilt (84.13±2.49, 84.64 ±2.71, 87.69±2.70 respectively) as compared 

to basal (75.22±2.60). The parametric frequency domain measures  showed significant 

difference between basal and late tilt. The Mean±SEM LF power in normalised units or LFNU 

was 40.95±5.31 and 70.20±6.75 between basal and late tilt respectively, and LF/HF%was 

2.27±0.50 and 11.33±1.92 between basal and late tilt respectively. They showed significant 

increase during the late tilt. The HF power in percentage or HF % (35.41±5.23 and 9.80±2.14 

between basal and late tilt respectively) and HF power in normalised units or HFNU 

(32.19±6.13 and 8.68±1.74 between basal and late tilt respectively) showed significant 

decrease during late tilt.  The non parametric frequency domain measures showed similar 

significant difference between late tilt and basal, late tilt and prolonged tilt as well as between 

late tilt and early tilt. This indicates sympathetic predominance during prolonged HUT. 
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    The manner in which human body responds to various changes in 

position is of interest for scientific enquiry since the 1940s.During 

this period tilt table testing was first utilized as a controlled method 

with which the body's response to changes in position could be 

measured (1).    Heart rate variability (HRV) represents one of the 

most promising markers of autonomic function. This is the 

oscillation in the intervals between consecutive heart beats (2). 

HRV is a functional indicator of several physiologic processes most 

important of which are sympathetic and parasympathetic drives on 

the sinus node (3). In 1981 power spectral analysis of heart rate 

fluctuations were introduced to quantitatively evaluate beat to beat 

CVS control (4). With the advent of new digital 24 hours 

multichannel ECG recorders, HRV has the potential to provide 

valuable insight into physiological variations occurring in relation 

to postural changes. To be able to determine a particular 

individual's predisposition towards change in posture, tilt table 

testing has been utilized as a standard procedure (5, 12). It is taken 

as a safe and effective modality for subjecting a person to strong 

orthostatic stimulus and observing the response (12).                            

Various workers have dealt with the HRV changes with passive 

head up tilt.  Tomi Laitinen et al in 1996 studied the cardiovascular 

autonomic responses to head up tilt in healthy adults with respect 

to age. They studied the HRV parameters in 5 minute supine 

position and after 70 degree HUT for 13 minutes. They reported an 

increase in heart rate, decrease in HF power and increase in LF/HF 

ratio which were more pronounced in the young (6). Burklow et al 
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in 1999 studied the HRV in head up tilt, 80 degrees for 30 minutes, 

in patients having a history of syncope and control group during tilt 

table testing. They studied the HRV changes in early (within the first 

few minutes), mid (a few minutes preceding syncope) and late tilt 

(last 5 min of a 30-min tilt) and compared with supine rest HRV.  In 

the control there was an initial increase followed by a progressive 

decrease in low frequency power (7). Hiranayagi K et al  in 1999 

studied HRV changes in 12 healthy adult males during incremental 

head up tilt at 14.5, 30, 48.6, 61 and 90 degrees. This was compared 

with baseline supine HRV. They concluded that LF/HF, LFNU and 

HFNU are important indices of sympathovagal balance (8). SJ 

Brown et al  in 2008 studied HRV in 8 healthy adults. Baseline 

supine ECG was recorded for 11 minutes followed immediately by 

passive head up tilt at 80 degrees for 45 minutes. They reported 

increase in heart rate, increase in LF/HF ratio and decrease in the 

HF component of HRV (9). SJ Brown et al in 2009 studied HRV in 14 

healthy adults. 5 minutes of supine basal data and 10 minutes of 80 

degree head up tilt data was recorded. Last 5 minutes of tilt HRV 

data was compared with basal data. They found an increase in heart 

rate, consistent decrease in HF component with head up tilt in 

healthy adults (10).                

HRV analysis has thus been documented in controls and 

patients having history of syncope where early, mid and late tilt HRV 

have been compared with basal supine HRV (7). HRV in healthy 

young adults has been studied where the basal HRV has been 

compared with entire tilt period HRV or early 10 minutes HRV (6, 9, 

10). HRV analysis has also been done during incremental head up 

tilt and compared with basal (8).

The aim of the present study is to compare the basal supine 10 

minutes, 30 minutes tilt (prolonged tilt) , early 10 minutes and last 

10 minutes HRV, amongst themselves and look into the changes. 

13 healthy adult human volunteers, 7 females and 6 males with 

a mean age of 27.23± 0.610 yrs , mean height of 159.076±0.760 cms 

and mean weight of 58.07±1.320 kgs  having no history of syncope, 

cardiovascular or respiratory ailment were included in the study.  

One volunteer who developed syncope during the test was not 

considered later for the analysis.

Subject was instructed to fast for 2 or more hours prior to the 

test. The procedure for each subject was done during the same time 

of the day in order to avoid diurnal variations. The procedure was 

explained and the subject was securely strapped to the tilt table 

prior to the test. During the test the subject was instructed to avoid 

movements of the lower extremities to maximize venous pooling. 

(11) 

 The available evidence suggests that tilt angles between 60 to 

80 degrees are optimal in creating sufficient orthostatic stress (2, 

11). ECG recording was taken in the basal horizontal position for 10 

minutes after 20 minutes of supine rest and 60 degree tilt for 30 

minutes (7,11,12,13) using ADI power lab instrument (2). Most 

recent reports favour prolonged passive head up tilt for 30-45 

minutes (13).

The tilt table used was of the foot plate support type, electrically 
3powered, was able to achieve the upright posture within 15 s , and 

allowed calibrated tilt angles of between 60 and 80 degrees (Fig A). 

The test was carried out in a quiet dimly lit room at a comfortable 

temperature in order to minimize stimuli affecting autonomic 

nervous function (11). Resuscitation equipment was kept ready up 

to the standard required in exercise tolerance testing facilities. The 

test was continuously monitored by a technician experienced in the 

management of the test and its potential complications (14).

ECG recording was done by using ADI power lab instrument and 

analogue signal of subject in a continuous mode was digitalized and 

stored in a personal computer with a sampling rate of 1024/sec 

using DT 3030 AD card with 12 bit resolution. The signals were 

2.   Materials and Methods

EQUIPMENT

        Figure A. Head up tilt maneuver 

   DATA ACQUISITION

Patient Preparation                                 

Procedure



TABLE 1 . Comparison of Time domain measures between basal 

and different phases of tilt 

TABLE 2. Comparison of Frequency domain measures (parametric) 

between basal and different phases of tilt (AR method) 

* =P Value<0.01 Significant change as compared to basal 

†= P Value<0.01 significant change as compared to prolonged tilt 

RR(Sec)

HR(Beats per 

Minute)

RRTI

LF(normalized unit)

HF (%)

HF(normalized unit)

LF/HF (%)

0.81±0.0

275.22±2.60

0.08±0.01

40.95±5.31

35.41±5.23

32.19±6.13

0.73±0.02*

84.13±2.49*

0.08±0.01

64.53±6.67

20.07±3.56

19.39±3.96

6.13±1.43

0.72±

0.02*84.64±

2.71*

0.09±0.01

60.48±5.54

17.33±2.91

15.96±3.21

6.03±1.34

0.69±0.02*†

87.69±2.70*†

0.10±

0.01†

70.20±6.75

9.80±2.14

8.68±1.74

11.33±1.92

Mean±SEM
n=13

Mean±SEM
n=13

BASAL

BASAL

PROLONG 
TILT

PROLONG 
TILT

EARLY 
TILT

EARLY 
TILT

LATE TILT

LATE TILT
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acquired by applying standard surface electrodes to the chest wall. 

The stored ECG data were screened for body movements and other 

artifacts. A low pass filter of 50 Hz and high pass filter of 0.3 Hz was 

applied for removal of noise and artifacts. The stored data was 

redisplayed and categorized into four parts. Data length of 10 

minutes for basal, early 10 minutes of tilt and late 10 minutes of tilt 

(early and late tilt data) and entire 30 minutes for prolonged tilt. 

The RR interval of 10-minutes segment of the basal data, early 10 

minutes, last 10 minutes and whole 30 minutes of the tilt ECG data 

were obtained by special programme using HRV analysis software V 

1.1(Biomedical signal analysis group, Deptt of applied physics, 

University of Kuopio, Finland) (15). Time and frequency domain 

HRV parameters were measured and computed as per the MATLAB.   

The program was originally developed using Matlab 6.1 .The final 

version of the program has been compiled to a stand-alone C-

language application using the Matlab Compiler Suite 2.3 and the 

free Borland C-Builder 5.5 compiler. Time domain measures were 

calculated using standard statistical methods. Methods for 

calculating the frequency domain measures were divided into 

parametric [e.g. based on autoregressive (AR) models] and 

nonparametric [e.g. fast Fourier transform (FFT) based] (15). The 

advantage of the parametric methods are (a) smoother spectral 

components which can be easily distinguished independent of 

preselected frequency bands (b) easy post processing of the 

spectrum with an automatic calculation of low and high frequency 

frequency power components and easy identification of the central 

frequency of each component, and (c) an accurate estimate of 

power spectral density even on a small number of samples on which 

the signal is supposed to maintain stationary. While the advantages 

of the non parametric method are (a) simplicity of the algorithm 

employed (b) High processing speed (2).

                   The Power spectral density was analyzed by calculating 

powers and peak frequencies for different frequency bands. The 

commonly used frequency bands are  low frequency (LF, 0.04-0.15 

Hz), and high frequency (HF, 0.15-0.4 Hz). The most common 

frequency-domain parameters include the powers of LF and HF 

bands in absolute and relative values, the normalized power of LF 

and HF bands, and the LF to HF ratio. The representation of LF and 

HF in normalised units (LFNU and HFNU) emphasizes the 

controlled and balanced behavior of the two branches of the 

autonomic nervous system.Normalisation also tends to mininise 

the effect on the values of LF and HF components of the changes in 

total power (2).

       Statistical analysis was done by SPSS 10 software using one way 

ANOVA with repeated measures and LSD post hoc tests. 

Time and frequency domain measures (parametric and non 

parametric) showing significant difference between the study 

groups have been shown in the results. The time domain measures 

(Mean±SEM RR interval, Heart rate and RR triangular index) 

showing significant difference between the study groups have been 

GRAPH: X axis in all the four figures represents the four groups 

under comparison. Y axis represents the mean ± SEM of the non-

parametric frequency domain measures(FFT METHOD BASED) like 

LF in normalized units (Fig.1 ), HF% ( Fig.2 ),HF in normalized units  

(Fig.3 ),and LF/HF% (Fig.4 ).

shown in table 1.The parametric frequency measures (Auto 

regressive model based) which show significant difference between 

the study groups have been shown in table 2.Graph (fig1, 2, 3 and 4) 

show comparison of non parametric frequency domain (Fast 

Fourier transform based) measures which showed significant 

difference.

3. Results
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* P< 0.01 (significant difference as compared with basal) 

+ P< 0.01 (significant difference as compared with Prolonged Tilt) 

# P< 0.01 (significant difference as compared with Early Tilt) 

Discussion

ACKNOWLEDGEMENT

References

significant change between basal and late tilt, prolonged tilt and late 

tilt, early tilt and late tilt with a decrease during the phase of late tilt. 

Similar findings were documented in some studies in the past (6, 9, 

10, 16, 20, 21, 22, 24, 25, 26, 29). However Koukam et al (19) did not 

find any alteration in HF power during any phase of tilt. The high-

frequency component (HF,0.15–0.4 Hz) of HRV is believed to result 

almost exclusively from the respiratory-related vagal modulation of 

the sinoatrial node, and its amplitude has been used as an index of 

vagal tone (30).The findings are indicative of vagal withdrawal 

during prolonged head up tilt. The findings of the present study 

however are in contrast to those of Burklow et al (7) who reported 

an initial decrease of HF power during early tilt and subsequent 

increase during late tilt.In another study both low and high 

frequency spectral components of  the HRV increased markedly in 

the control group with most significant changes occurring during 

the late tilt (28).The changes in the present study indicate a shift 

from parasympathetic control during basal state to sympathetic 

control during tilt with maximal changes occurring during the 

phase of late tilt. On the whole frequency domain analysis has been 

observed to show sympathetic predominance with most of it 

occurring during last 10 minutes of the prolonged passive head up 

tilt.
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The results indicate that the RR interval shows significant 

decrease in prolonged, early and late tilt as compared to the basal 

values. The heart rate at the same time shows significant increase in 

all the phases of tilt as compared to basal values. These findings well 

correlate with those of previous workers (7, 9, 10, 16, 17).  The RR 

Triangular index however showed significant difference only 

between prolonged and late tilt values with an increase during the 

late tilt. Yoshiharu etal (20) however have reported a decrease in 

RRTI with tilt. The spectral power in the parametric LFNU and 

LF/HF% showed significant difference between basal and late tilt 

with an increase during late tilt phase. Spectral power in the non 

parametric LFNU and LF/HF%showed significant changes during 

the late tilt phase as compared to the other study groups. The non 

parametric LFNU showed significant changes between basal and 

late tilt, prolonged tilt and late tilt, early tilt and late tilt with an 

increase during the phase of late tilt. The nonparametric LF/HF% 

showed significant difference between basal and late tilt and 

prolonged tilt and late tilt with an increase during late tilt. 

Alterations in LF power are principally dominated by changes in 

sympathetic tone.These findings are consistent with previous 

research on young healthy individuals (6, 17, 19, 21, 22, 23, 24, 25, 

29). Ziad Mallat et al (18) have reported increase in heart rate and 

sympathetic response with diminished parasympathetic activity 

during the first 6 minutes of tilt. These findings well correlate with 

the early tilt HRV of the present study. The low-frequency 

component of HRV (LF 0.04–0.15 Hz) probably reflects the effects of 

both respiration and baroreflex-mediated sympathetic outflow on 

the heart. In addition, the LF/HF ratio is considered to be a measure 

of the reciprocal changes of the sympathetic and vagal modulation 

of the sinoatrial node discharge (sympathovagal balance) (30). 

Head-up tilt caused a greater change in LF normalized units and 

LF/HF ratio. This is probably caused by activation of the 

sympathetic nervous system produced by the postural change. The 

changes are maximal during the phase of late tilt. Burklow et al (7) 

however reported an initial increase of the LF power and LF/HF 

ratio during early tilt followed by subsequent decrease during late 

tilt. Some other studies have been carried out in the past where no 

change of LF component with tilt has been documented (9, 10, 16, 

26, 27).

 The spectral power in the parametric HF% and HFNU showed 

significant decrease during late tilt as compared to basal values. The 

spectral power in the non parametric HF% and HFNU showed 
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