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Abstract (186 words)

The cold pressor test (CPT) triggers in healthy subjects a vascular sympathetic activation and
an increase in blood pressure. The heart rate (HR) response to this test is less well defined,
with a high inter-individual variability. We used traditional spectral analysis together with the
nont linear detrended fluctuation analysis to study the autonomic control of HR during a 3-min
CPT. 39 healthy young subjects (23.7 £ 3.2 years, height 180.4 £ 4.7 cm and weight 73.3 +
6.4 kg) were divided into two groups according to their HR responses to CPT. Twenty
subjects have a sustained increase in HR throughout the test with reciprocal autonomic
interaction, i.e. increase in sympathetic activity and decrease vaga outflow. In the 19
remainders, HR decreased after an initial increase, with indication of involvement of both
sympathetic and vagal outflow. Baseline evaluation of the subjects revealed no difference
between the two groups. A higher sympathetic activity at the skin level during CPT was
nevertheless present in the group with decreased HR. Further studies are needed to explain
why healthy subjects react differently to the CPT and if this has potential clinica

implications.



I ntroduction

The cold pressor test (CPT) is typically performed by immersing a subject’s hand into ice
water (1-5 C°) for a short period of time (1-6 minutes) while measuring blood pressure (BP)
and heart rate (HR). In normal subjects, a vascular sympathetic response increased peripheral
resistances and a sustained increased BP is observed (Victor et al. 1987, Fagius et al. 1989,
Weise et al. 1993, Stancak et al. 1996, Sendowski et al. 2000, Cui et al. 2002).

The HR response is less well defined, more variable on an individual basis (Jauregui- Renaud
et al. 2001, Glenn & Ditto 2004) and not homogeneous for the entire CPT period. Two major
patterns could be distinguished with either an increased (LeBlanc et al. 1975, Shibahara et al.
1996, Jauregui- Renaud et al. 2001, Dishman et al. 2003) or an unchanged HR (Weise et al.
1993, Sendowski et al. 1997, Cui et al. 2002, Fu et al. 2002). The latter response appeared
less to be a“true” unchanged HR than a biphasic alteration, with an initial increase followed
by a dow decrease that could return toward the control values (Victor et al. 1987, Stancak et
al. 1996, Sendowski et al. 1997, Cui et al. 2002). Contrary to the vascular control, the
autonomic HR control needs to be precise during CPT. Initially, a decrease in cardiac vagal
outflow was accepted together with the sympathetic involvement (Frey et al. 1980a, Dishman
et al. 2003, Tulppo et al. 2005, Wirch et al. 2006). However, these changes were not always
found. An increase in vagal activity (Frey et al. 1980b, Shibaharaet al. 1996, Sendowski et
al. 1997, Glenn & Ditto 2004) induced by baroreceptor activity stimulation has also been
hypothesized. This vagal stimulation should occur concomitantly to the persistent sympathetic
involvement leading to cardiac autonomic co-activation (Weise et al. 1993). However, to our
knowledge, this was not verified, mainly because in these previous reports the cardiac
autonomic control was studied by spectral analysis of heart rate variability (HRV). However,
this method may not offer a proper assessment of the HR dynamics during CPT because of

l[imitations inherent in its stationary hypothesis (Task Force 1996).



New analysis techniques, such as analysis of fractal scaling exponents by detrended
fluctuation analysis (DFA), have been developed to probe features in HRV that are not
detectable by traditional analysis method. With DFA, the short-term (from 4 to 11 beats)
fractal organization in human HRV is expressed as a scaling exponent named a ;. Changes in
ai; alowed highlighting cardiac autonomic co-activation or reciprocal changes in vagal /
sympathetic activity (Tulppo et al. 2001a, Tulppo et al. 2005). Therefore, DFA may help to
describe the cardiac autonomic status during CPT.

The aim of the present research was to study the autonomic control of HR during CPT. For
that purpose, subjects were divided into two groups according to their HR response, and their

autonomic control profiles were studied by means of linear and nontlinear HRV analysis. We
hypothesized that in the group with sustained increased HR, a1 would increased, suggesting a
decrease in cardiac vaga outflow together with sympathetic activation, while in the group
with an increase followed by a decrease in HR, a; would decrease suggesting cardiac
autonomic co-activation. Differences in baseline autonomic characteristics were suspected to

explain these two HR responses

M ethods

Subjects

Forty male students (age 23.6 + 3.2 years mean + SD; height 180.4 £ 4.6 cm; and weight 73.4
* 6.4 kg) voluntarily participated in the study. That was the first time that they have to
perform a cold pressor test. Their medical history and a medical examination were used to
discard subjects with cardiovascular, pulmonary, or metabolic diseases. The subjects were
normotensive and none was taking any medication. The study protocol complied with the

Helsinki declaration for human experimentation. The subjects were informed of the



organization and details of the study and signed an informed consent form, which was

approved by our local ethics committee.

Testing protocol

The subjects were instructed to fast for at least 3 h before testing, and were asked to refrain
from ingesting beverages containing caffeine and alcohol and not to exercise during the 24 h
preceding each test. They were studied in the supine position in a quiet, dimly lighted room
(ambient temperature, 26°C to 27°C). Before each test, the subjects wearing short pants and
T-shirts, rested 20 min to ensure hemodynamic stabilization. Then, baseline measurements
started for 10 min. Subsequently, the subject immersed its left hand to the wrist into a 0-1°C
water bath for a period of 3 minutes, followed by removal of the hand from the bath and
continuation of recording for another 5 minutes.

The HR changes during the first part of the CPT test were roughly the same whatever the
subjects During the first minute, HR continuously rose until an initial peak. According to the
HR changes after this peak, the subjects were divided into two groups. One group (CPTi) was
constituted with subjects that further increased or maintained their HR during the second and
third minutes of the test. The second group (CPTd) was constituted with subjects that
decreased their HR by more than 5 beats per minute (mean over 10 sec). To properly describe
these HR aterations, times of maximal HR, time of minimal values after this maximal, and
the corresponding HR values (mean over 10 sec) were considered. If HR decreased less than 5

beats, the HR was considered to be maintained (Figure 1).



Hemodynamic measurements

Beat-to-beat BP was measured continuously using the Finometer® (Finapres Medical
System, Amsterdam, The Netherlands). This device measures arterial pressure through a cuff
wrapped around the middle phalanx of the middle finger. It has been demonstrated that
finger BP recordings can accurately reproduce the beat-to-beat changes in intra-arteria
blood pressure induced by a cold pressor stimulus (Parati et al. 1989). Arterial pulse pressure
(PP, mmHg) was calculated from systolic (SBP) minus diastolic (DBP) blood pressure. The
arterial pressure signal was analyzed using the Beatscope Software (TNO-TPD, Biomedical
Instrumentation). Heart rate (HR) was derived from the beat to beat arterial pressure wave.
Stroke volume (SV) was analysed by the Modelflow (Bogert & van Lieshout 2005). Cardiac
output (CO) was calculated as the product of HR and SV and total peripheral resistance
(TPR) by dividing mean arterial pressure (MAP) by CO.

To study heart rate variability (HRV), R-R intervals were obtained from a standard ECG.

Cardiovascular autonomic nervous activity evaluation

Firstly, baseline autonomic nervous profile of the subjects were evaluated thanks to heart rate
(HRV) and blood pressure (BPV) variability analyses performed on a time series of 256
cycles selected during the baseline period, according to standard recommendations (Task
Force 1996). The corresponding hemodynamic data are presented in Table 1. Secondly, HRV
analysis was performed on a one minute-length basis to evaluate the cardiac autonomic
nervous response to the CPT. Three different minutes were chosen for this evauation: during
the baseline period (corresponding hemodynamic data presented in Table 2), and during the
second and third minute of CPT. Since maximal discomfort occur in the first minute of cold

stimulus, the first minute was not addressed in the present study (Hilz et al. 2002).



All the R-R intervals, SBP and DBP values used for analyses were edited initialy by visual
ingpection to exclude al the undesirable beats (i.e., to ensure that each analysis for the
segment was free of movement artifact and/or sharp transient in the signal due to premature

beats) which accounted for less than 1% in every subjects.

Spectrum analysis was performed with the coarse graining spectral analysis (CGSA) method
(Yamamoto & Hughson 1991) that separates and permits simultaneous quantification of the
contribution of the harmonic and fractal components of the total spectral power (TP), even
when the data length is short (Yamamoto & Hughson 1991). From the harmonic component
(HP) the integrated powers (ms?) in the low (LF: 0.04-0.15 Hz) and high frequencies (HF:
0.15-0.50 Hz) were computed (Yamamoto & Hughson 1991). The very low frequencies (O-
0.04 Hz) were not addressed in the present study. With HRV, the HF power normalized to the
total spectral power (HFnu) was used as an indicator of parasympathetic activity. Despite
controversiad results, the LF/HF ratio is often used as an indicator of sympathetic activity

(Yamamoto & Hughson 1991) and was used with this meaning.

The heart beat times series exhibits pattern of non linear process and is non-stationary during
CPT. To better delineate the cardiac autonomic control, we used the DFA method to quantify
the fractal-like scaling properties of the RR interva data (Peng et al. 1995). The agorithm
computes R-R intervals fluctuations in several windows of different sizes and finally creates a
log-log curve, the slope of which defines the scaling exponent a ;. This short-term scaling
exponent was computed for small (four to 11 beats) time scales. Details of DFA have been
described previously (Peng et al. 1995, Tulppo et al. 2001a, Tulppo et al. 2001b, Tulppo et al.

2005).



Spontaneous Baroreflex sensitivity

Sequences of three or more beats in which the SBP and the following RR interval changed
in the same direction (either increasing or decreasing), which reflect the HR response to
spontaneous variations in BP, were considered as spontaneous baroreflex (SBR) sequences.
A linear regression was calculated for each of these sequences, and an average regression
slope was calculated for all such sequences detected during each chosen recording epoch.
This slope is considered as depicting the sensitivity of the cardiac SBR (ms.mmHg?)

(Bahjaoui-Bouhaddi et al. 2000).

Temperature

Subjects’ kin temperatures of the two hands (middle of the third metacarpus of the palmar
side) were measured continuously by means of thermistor surface cortact probes [series 400,
type 409B, Yellow Springs Instrument (Y SI); accuracy + 0.1°C] fixed on the skin with thin,
ar-permeable, adhesive surgical tape. The probes were applied on the centre of the palmar

surface.

Satistical methods

Standard statistical methods were used for the calculation of mean £ SD. Two comparisons
were performed. The baseline characteristics, the time of maximal and minimal HR (and the
corresponding values) of the subjects of the two groups were compared thanks to an
unpaired t-test. Finally, the responses to the cold pressor test within each group were
evaluated with a one-way ANOVA with repeated measures. When appropriate, post-hoc t

tests for paired data with Bonferroni correction were performed. Statistical significance was



accepted at the p<0.05 level. Statistical analyses were performed using SigmaStat® software

(SPSS Inc, Chicago, USA).

Results

Cold pressor test and measurements were successfully performed in all but one subject, which
was removed from the results presented here. In this subject, beat-by beat blood pressure
could not reliably be evaluated during the entire test’s duration Without this subject, the
characteristics of the subjects were age 23.7 + 3.2 years height 180.4 + 4.7 cm and weight
73.3 + 6.4 kg. Based on the HR response to the CPT, 20 subjects formed the CPTi group and

19 were assigned to the CPTd group.

Baseline characteristics of the two groups.
Anthropometric and hemodynamic data and indexes derived from analyses of HRV and BPV
are given in Table 1. At baseline, ro significant differences were found between CPTi and

CPTd.

Hemodynamic responses during the CPT (Table 2)

For the two groups, significant increases in BP and TPR were observed during the second and
third minutes of CPT. For the CPTi group, the increases between baseline and the third
minute were 14.7 £ 10.4 %, 19.1 + 14.6 %, and 16.7 + 23.9 % for SBP, DBP and TPR,
respectively. For the CPTd group, the increases were 12.5 + 7.7 %, 15.0 + 10.2 %, and 17.8 +
17.0 %, for SBP, DBP and TPR, respectively (Table 2). PP also increased, but the increases
reached the significant level only for the third minute (9.6 £ 10.4 % for CPTi and 9.5 + 10.7

% for CPTd).



In the CPTi group, times of maximal and minimal HR were 1.0 + 0.2 and 2.2 + 0.8 min,
respectively. The corresponding HR values were 62.5 + 8.3 and 59.9 £ 6.7 bpm, respectively.
The HR during min 2 (61.2 = 8.5 bpm) and min 3 (60.1 + 7.4 bpm) were not different from
the peak HR. HR was significantly higher at minute 2 and 3 compared to baseline (Figure 2).
In the CPTd group, time of maxima HR (1.0 £ 0.1 min) and maxima HR (65.0 = 4.3 bpm)
were not significantly different from the CPTi group. The time for minima HR was aso not
significantly different from the CPTi group (2.5 + 0.4 min). However, the minimal HR (50.9
+ 7.1 bpm) was significantly lower. The HR during min 2 (59.3 + 7.2 bpm) and min 3 (56.0 +
6.9 bpm) were significantly lower thanthe peak HR. HR was higher during the second minute
of the CPT compared to baseline and the third minute (p<0.05).

The pamar surface temperature of the left (immersed) hand decreased significantly for the
two groups (Table 2) at the second (47.6 £ 22.7 % for CPTi and 55.9 + 13.6 % for CPTd) and
third minutes 60.1 + 24.6 % for CPTi and 58.8 + 15.3 % for CPTd). The palmar surface
temperature of the right (non-immersed) hand also decreased at the second and third minutes.
However, the decreases were not statistically significant for the CPTi group (1.6 = 4.8 % for
the second minute and 1.5 + 6.5 % for the third minute) while the significant level was
achieved for the CPTd group (1.5 £ 2.7 % for the second minute and 1.7 £ 2.3 % for the third

minute).

Cardiovascular autonomic responses during the CPT

In the CPTi group, in absolute values, LF increased from 686 + 654 ms? during baseline to
1617 + 1551 mg? and 1623 + 1454 ms? during the second and third minutes, without reaching
the significant level. HF changed (without statistical differences) from 1045 + 945 to 2040 +

2548 and 1598 + 2049 ms? (second and third minutes respectively). This was accompanied
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by a significant decrease in HFnu and by a significant increase in the LF/HF ratio and the
scaling exponent a1 (Figure 2). The slope of SBR changed from 25.1 + 9.3 to 24.0 + 13.5 and
28.9 + 19.7 msmmHg™ at the second and third minutes (no significant differences).

In the CPTd group, LF increased (no significant difference) from 701+ 654 ms? during
baseline to 1155+ 915 ms? and 1033+ 792 m<? during the second and third minutes. HF
significantly increased from 720 + 732 to 1530 + 1441 and 1630 + 2657 ms? at the second and
third minutes. This was accompanied by a trend for an increase in HFnu and for decrease in
the LF/HF ratio, but without reaching the significant level (Figure 2). Contrary to the changes
observer in the CPTi group, the scaling exponent a; decreased significantly during minute 2
and further during minute 3 (Figure 2). The slope of SBR changed from 25.2 £ 5.8 t0 23.1 £

8.8 and 21.2 + 11.9 msmmHg* at the second and third minutes (no significant differences).

Discussion

In healthy human subjects, CPT triggers an increase in BP (Victor et al. 1987, Fagius et al.
1989, Stancak et al. 1996, Jauregui-Renaud et al. 2001, Cui et al. 2002). This may be due to
an increased CO during the initial period of the test with little increase in muscle sympathetic
nerve activity, while an increase in this activity heightens peripheral resistances in the later
period (Victor et al. 1987, Yamamoto et al. 1992). PP also increases, mainly at the end of the
test (Stancak et al. 1996). The results of the present study are in accordance with these
observatiors, whatever the group concerned (Table 2).

The increased CO is mainly due to changes in HR since SV appears unaltered (Dishmanet al.
2003). A maintained HR elevation was found throughout CPT compared to baseline (LeBlanc
et al. 1975, Shibahara et al. 1996, Jauregui- Renaud et al. 2001). However, alot of studies also

reported a marked increase in HR followed by aslow decrease (Victor et al. 1987, Stancak et
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al. 1996, Sendowski et al. 1997, Cui et al. 2002). This bi-phasic pattern was observed in
about half of the tested subjects in the present study. The decrease in HR is difficult to explain
since the CPT was initialy thought to induce a general sympathetic activation with no change
or a decrease in vagd outflow (Frey et al. 1980a, Dishman et al. 2003, Tulppo et al. 2005,
Wirch et al. 2006). That was the am of this study to precise the autonomic control of HR
during CPT.

Non-invasive evaluation of the autonomic control of heart rate in real-life conditions is
possible by means of HRV analysis (Task Force 1996). However, the results of studies using
this technique during CPT are inconsistent (Weise et al. 1993, Jauregui- Renaud et al. 2001,
Dishman et al. 2003, Glenn & Ditto 2004, Tulppo et al. 2005, Wirch et al. 2006). These
results, obtained at a group level, may be explained by the fact that both HR and the changes
in HRV indexes appeared highly variable on an individual basis (Jauregui-Renaud et al. 2001,
Glenn & Ditto 2004). The subjects of the present study were divided in two groups, according
to their HR responses to CPT. For both groups, maximal HR was observed at the beginning
the CPT test (Victor et al. 1987), while minimal HR was observed later, during the latest
minute. Thus, in the two groups the temporal HR changes during the test were roughly
identical. However, the magnitude of HR changes was different since after thisinitial increase
only minimal HR changes were observed in the CPTi group while HR progressively
decreased in the CPTd. In the CPTi group, the spectral analysis results indicated a persistent
decreased cardiac vagal outflow (HFnu) and increased sympathetic activity (LF/HF ratio). In
the CPTd group, the spectral analysis revealed opposite changes in cardiac autonomic
regulation The changes in spectral analysis indexes likely correctly depicted the cardiac
autonomic control, because they were in accordance with the HR ateration. They also werein

accordance with previous studies with similar changes in HR.
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A number of studies dealing with HRV have shown that R-R intervals exhibit patterns
suggestive of nonlinear processes. Parameters arising from nontlinear methods have
therefore been identified. The short-term scaling exponent (@ 1) of the detrended fluctuation
analysis (DFA), computed for small (four to 11 beats) time scales, is one such parameter
(Penget al. 1995).

Tulppo and colleagues observed that a; increased during CPT. In their study, HR, muscle
sympathetic nerve activity and LF/HF ratio increased while the HF index of HRV spectral
analysis decreased, suggesting a generalized cardiovascular sympathetic involvement (Tulppo
et a. 2005). Tulppo and colleagues suggested that when physiological changes in autonomic
regulation occurred with reciprocal interplay, the fractal correlation of HR dynamics
increased (Tulppo et al. 2001a, Tulppo et al. 2005). The results concerning the CTPi group
were in accordance with these results. On the other hand, a; decreased when both the
sympathetic and vagal activity increased (Tulppo et al. 2005). Such a co-activation was
suspected but not verify during CPT (Weise et al. 1993). We observed that a; decreased in
the CPTd group. In healthy subjects, he result of cardiac autonomic co-activation is a
decreased HR (Levy 1971, Tulppo et al. 2005), which is consistent with our results. The
enhancement of vagal outflow during CPT is likely a baroreflex correction to the sustained
blood pressure increase in the latter part of the CPT. Indeed, the CPT shifts the baroreflex
curve expressing the relationship between heart rate and systolic blood pressure to high blood
pressures but does not ater its sensitivity (Cui et al. 2002). The baroreflex is thus capable of
appropriately modulating HR during CPT.

It is unclear why subjects react to CPT with reciprocal changes in cardiac autonomic control
while other increased the activity of the two branch of the cardiac autonomic nervous system.
A distinct baseline autonomic nervous activity (e.g., enhanced sensitivity of the baroreflex,

higher vagal outflow) was suspected in the CPTd group. However, no statistical differences
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were found in the baseline hemodynamic and autonomic characteristics (Table 1) and thus we
could not confirm our hypothesis. A significant decrease in the palmar surface temperature of
the norrimmersed hand during the test was found only in the CPTd group. This suggests a
higher sympathetic tone to the skin in this group (Kistler et al. 1998). A different involvement
of the pain receptors could be argued since the sensation of pain has been suggested to play a
major role in HR regulation during CPT (Victor et al. 1987). However, thiswas not evaluated

in the present study.

Limitations

We did not impose the breathing pattern. The subjects spontaneously adapted their tidal
volume and breathing frequency but they were encouraged not changing their breathing
pattern. Despite reported controversia results, it has been shown that the amplitude of
respiratory-related heart rate oscillations increases at a given respiratory rate as the tidal
volume increases Saul et al. 1989). During a cold pressor test, tida volume and minute
ventilation usually increases (Wirch et al. 2006). In the present study, the respiratory-related
heart rate oscillations did not change (CPTd) or decreased during CPT, i.e. were opposite to
what would be expected from the changes observed in the ventilatory pattern Saul et al.
1989), so the effect of ventilation was considered minimal. Nevertheless, we can not rule out

a potential flaw due to ventilation in our results.

Implications

CPT has been used for the diagnosis of cardiovascular reactivity in normotensive and
hypertensive subjects and the responses to CPT may help to identify normotensive candidates
at future risk of suffering from hypertensive disease. Most of the time, the pressor response is

based on the BP changes, with little or no attention on the HR alteration In the present study,
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the mean changes in BP were similar in the two groups. However, half of the subjects reacted
with sign of cardiac autonomic co-activation that decrease a 1. Fractal organization is flexible,
and breakdown of this scae-invariance (self-similarity) may lead to a more rigid and less
adaptable system. A decrease in a1 has indeed been observed in various disease states or with
advancing age, and appeared as the most potent HRV indicator of a facilitated spontaneous
onset of fibrillation (Vikmanet al. 1999). A breakdown in the short-term fractal organization
in human HR dynamics during CPT could have potential clinical implication, but this had to

be verified with further studies.

Conclusion

In the present study, we used both linear and nontlinear method of heart rate variability
analysis to study the autonomic control of heart rate during the cold pressor test (CPT). It was
found that in half of the tested subjects, reciprocal changesin cardiac autonomic regulation
induced a sustained increased in HR. In the other subjects, CPT induced a decrease in HR
after an initial increase, likely due to the co-activation of vagal and sympathetic outflow at the
heart level which was highlighted by a change in HR dynamics from fractal toward more

random HR organization
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Figures and Legends

Figure 1. Changes in blood pressure and heart rate in a representative subject of the CPTi (A)
and CPTd (B) groups.

Figure 2. Changes in heart rate (HR), in normalized high frequency (HFnu) and low- to high
frequency ratio (LF/HF) of heart rate variability and in short-term fractal scaling exponent
(al), measured at baseline and during the second and third minute of cold hand immersionin
the group with increased (CPTi) or decreased (CPTd) HR response to the cold pressor test
(CPT).
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Figure 2.
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Table 1. Anthropometric and baseline hemodynamic and autonomic status of the subjects.

CPTi CPTd
n= 20 19

Age years 230 + 34 244 + 3.0

Anthropometric data Height cm 1799 + 4.6 1809 + 49
Weight kg 733 + 7.7 733 + 4.9

HR bpm 533 + 6.9 542 + 7.2

SBP mmHg 126.1 + 10.2 1265 + 7.2

DBP mmHg 703 £ 55 702 + 53

Hemodynamic data PP mmHg 558 + 8.9 56.3 = 6.8
SV mL 1011 + 139 996 + 119

co L.min™t 54 + 09 54 + 1.1

TPR (PRU) 102 + 023 103 + 018
Total Power ms? 5027 + 3902 4450 + 3968

LF ms? 479 = 547 407 + 459
Linear HRV analysis HF ms? 515 + 552 677 + 1302
HFnu n.u. 011 * 010 013 + 012

LF/HF 328 + 593 248 = 430

Total Power ms? 244 + 196 200 + 183

Linear BPV analysis LF ms? 29 + 1.8 26 = 25
LFnu ms? 158 + 189 190 + 420

Baroreflex sensitivity ms.mmHg™ 246 + 103 290 + 98
Non linear HRV analysis al 068 + 021 0.73 + 0.18

CPTi and CPTd = group of subjects with secondary increased or decreased heart rate after the
initial increased during the cold pressor test. HR = heart rate; SBP and DBP = systolic and

diastolic blood pressure; PP pulse pressure; SV = stoke volume; CO = cardiac output; TPR =
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total peripheral resistances. LF = low frequency; HF = high frequency; nu = normalized units;

a1l = short-term fractal exponent.
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Table 2. Hemodynamic changes during the cold pressor test.

One minute Baseline Second minute Third minute
SBP mmHg | 1258 + 103 1439 + 206 * | 1450 + 228 *
DBP mmHg 701 + 55 840 + 113 *| 835 =+ 119 *
CPTi PP mmHg 557 + 93 509 + 142 614 + 147 *
Y mL 1014 + 138 %4 + 193 976 + 156 *§
n=20 co L.min™* 54 + 09 57 + 14 56 + 1.0
TPR (PRU) 102 + 021 118 + 034 *| 118 + 029 ~*
T° left hand °C 330 = 14 170 £ 7.2 *1 162 + 79 %
T° right hand °C 320 + 11 315 = 21 313 + 24
Baseline Second minute Third minute
SBP mmHg 1265 + 75 1409 + 150 * | 1419 <+ 137 *
DBP mmHg 716 = 53 844 = 6.3 *1 80 + 73 *
CPTd PP mmHg | 549 + 6.7 565 + 114 509 + 98 *§
SV mL 99.7 = 109 937 = 168 994 + 147
n=19 CO L.min? 55 + 11 55 + 1.0 55 + 09
TPR (PRU) 103 + 020 120 + 020 *| 119 <+ 027 *
T° left hand °C 323 £ 12 143 *+ 46 *1 134 + 51 *
T° right hand °C 317 £ 11 312 + 13 *1 311 = 13 *

CPTi and CPTd = group of subjects with secondary increased or decreased heart rate after the
initial increased during the cold pressor test. SBP and DBP = systolic and diastolic blood
pressure; PP pulse pressure; SV = stoke volume; CO = cardiac output; TPR = total peripheral
resistances

* ggnificantly different from baseline; 8 significantly from the second minute of the cold

pressor test at p< 0.05.
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