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Abstract The cold face test has been found to be a
simple clinical test to elicit the diving reflex, which as-
sesses function of the sympathetic and parasympathetic
nerve systems at the same time. However, there is no
consensus about how the test should be performed
without confounding the results by eliciting other re-
flexes, such as the oculocardiac reflex. The object of this
study was to compare and standardize methods for
performing the cold face test. Reproducibility of results
was assessed. Groups of 6 to 11 subjects participated in
each protocol. To act as a cold stimulus a bag filled with
iced-water and having a wet surface was used. The
effects of allowing breathing to continue, of different
masses of the bag, and of avoiding ocular pressure by
wearing diving goggles were investigated. Blood pressure
and heart rate were measured beat to beat using an
automatic blood pressure measuring device. The cold
stimulus used in this study was too small to elicit the
oculocardiac reflex: wearing diving goggles and different
masses of the bag had no influence on the response. The
prevention of breathing, however, tended to enhance the
fall in heart rate during the cold stress. Reproducibility
was highest when the subjects were habituated to the
intensity of the stimulus. We recommend practising the
test method in advance and performing it in a setting
where the subject is unable to breathe.
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Introduction

A large range of cardiovascular reflex tests is used
clinically to assess autonomic function. Most of these
tests determine predominantly sympathetic (isometric
handgrip test, cold pressor test) or parasympathetic
(deep breathing, Valsalva manoeuvre) nerve function.
The diving test has been associated with a considerable
fall in heart rate (Andersen 1966; Craig 1963) due to
parasympathetic activation and, simultaneously, a
marked peripheral vasoconstriction (Andersen 1966;
Heistad et al. 1968; Khurana et al. 1980), due to
peripheral sympathetic activation. The fall in heart rate
and the peripheral vasoconstriction persist for the
duration of the test. Thus, this test is unique in its ability
to separate the effects of simultaneously operating
activation of the parasympathetic and sympathetic
nerve systems.

Previous studies (Khurana et al. 1980; Whayne and
Killip 1967) have shown that application of cold to the
face can replace facial immersion as a stimulus for
eliciting the diving reflex in the assessment of the
function of the autonomic nerve system. Therefore, it is
a simple clinical test to perform. This test can be useful
in patients in whom autonomic function is difficult
to assess, for example in patients with rheumatoid
arthritis.

However, there is no consensus on how to perform
the cold face test. Heath and Downey (1990) have pro-
posed a method which has allowed breathing to continue
during the test, other authors have used methods which
do not (Trouerbach et al. 1994). Deep breathing nor-
mally causes heart rate variations, which have been
found to be parasympathetically mediated (Wheeler and
Watkins 1973). On the other hand, taking a deep breath
before the diving test may elicit an effect comparable to
that of the Valsalva manoeuvre, i.e. an early fall in pulse
pressure. Immediately related to whether breathing
should be allowed to continue or not, is the question of
whether the duration of the test affects the responses of
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heart rate and blood pressure. There has also been a lack
of uniformity in the degree of coverage of the eyes and
eyelids during the test. The oculocardiac reflex (Van
Brocklin et al. 1982), which has been shown to be caused
by increases in ocular pressure, causes sinus bradycar-
dia. The reflex is believed to have its afferent link
through the ophthalmic portion of the trigeminal nerve
and the efferent link through the vagal nerve to the
heart. It has been suggested that increases in ocular
pressure should be excluded to avoid the oculocardiac
reflex occurring during the cold face test (Khurana et al.
1980). Also, the effect of the mass of whatever is used to
provide the cold stimulus has not been investigated.
Therefore, the first aim of our study was to establish a
clinical method of performing a test to elicit the diving
reflex, taking into account the presence or absence of
breathing, the extent to which the eyes and eyelids are
covered and the mass of the stimulus. The second aim of
this study was to assess the reproducibility of the results
obtained.

Methods

Subjects

Tests were undertaken by 11 healthy persons (3 women, 8 men)
with a mean age of 30 (range 21-45) years in protocol I, 10 in
protocol II (4 women, 6 men), mean age 32 (range 21-54) years and
6 in protocol III (3 women, 3 men) with a mean age of 24 (20—
35) years. During the tests the subjects lay in a supine position in a
quiet room having a constant temperature of 22 °C. The blood
pressure and the heart rate were recorded beat to beat at heart level
using a Finapres instrument (type Ohmeda 2300, Englewood,
Colo., USA). Before starting the cold face test baseline values of
the blood pressure and heart rate were measured. Between tests an
interval of at least 5 min was taken to allow the heart rate and
blood pressure to return to their baseline values. All tests were
sustained to maximal endurance.

As a cold stimulus a plastic bag filled with melting ice-water at
0 °C was used. The same bag with the same amount of iced-water
was used in all tests carried out on any individual subject. In be-
tween tests the bag was kept in a bucket containing iced-water,
so that the exterior of the bag was wet also. The plastic bag was
flexible and not completely filled to allow direct contact with the
part of the face to be covered in each of the settings described below.

The study was performed in accordance with the Declaration of
Helsinki and all subjects gave informed consent. The Medical
Ethics Committee of our hospital approved the protocol.

Protocol 1

The purpose of protocol I was to investigate whether the contin-
uation of breathing or increases in ocular pressure influence the
diving reflex. To this end every subject undertook three variations
of the cold face test:

A. The subject was not able to continue breathing as a result of the
bag filled with ice-water covering the whole face. Eyes and
eyelids were also covered by the plastic bag.

B. The test was performed as described above, but the person wore
diving goggles to prevent cooling of, and pressure on, the eyes
and eyelids.

C. The test was repeated allowing the subject to continue breath-
ing, by the plastic bag covering the forehead and cheeks, but not
the nose and mouth. The subject was wearing diving goggles to

prevent a possible confounding of the results by the oculocar-
diac reflex on the effect of the continuation of breathing.

Each person performed each variation twice and the tests were
carried out in a randomized sequence. Each cold face test was
announced 1 min in advance and just before the test, so the subject
could take a breath. They were instructed to take a normal breath
just before the start of the test and not to perform a Valsalva
manoeuvre during the test. Also, they were instructed to breathe
normally and not to take deep breaths when variation C of the cold
face test was performed. The same ice-bag with the same mass
of contents was used for each subject. We made certain that the
ice-bag covered the face completely.

The tests were performed in the early afternoon, after the
subjects had had lunch.

Protocol 11

The aim of protocol II was to assess whether the mass of the bag
containing ice-water had any effect on the cold face test by acti-
vating the oculocardiac reflex. The plastic bag was filled half-and-
half with ice and water weighing 800, 1,100 or 1,400 g. With each of
the three different masses the cold face test was performed twice in
a random sequence among the subjects. All tests were performed
according to variation A as described in protocol I. The tests were
performed in the early afternoon, after the subjects had had lunch.

Protocol 111

The purpose of protocol 111 was to assess the reproducibility of the
cold face test. On 3 days (days 1, 2 and 15) subjects carried out the
cold face test three times immediately following one another. Each
day, tests were performed in the morning, at the same time, after an
overnight fast. The diving reflex was assessed as described in pro-
tocol I, variation A. The weight of the bag was 1,100 g. Subjects
were instructed to take a normal breath just before the start of each
test and not to perform a Valsalva manoeuvre during the test.

Analysis, including statistics

The baseline heart rate was defined as the median heart rate over a
period of 30 s. This measurement was performed 1 min prior to the
next cold face test, before the subject was informed of the imminent
occurrence of the test starting an average of 30 s later. The baseline
heart rate was compared to the minimal heart rate during the test.
The changes in heart rate were compared in absolute terms and,
because the baseline heart rate can be a determinant of the decrease
in heart rate, they were expressed also in terms of a percentage.

As blood pressure can vary widely from beat-to-beat, the mean
of three successive systolic as well as diastolic blood pressures
during the tests was calculated. The highest of these means was
compared with the average blood pressure during the 30 s before
starting the tests.

Differences between tests were analysed using Wilcoxon mat-
ched pairs signed rank test. Differences between different masses
were analysed using Friedman’s two-way analysis of variance with
the Bonferroni-Holm method for multiple comparisons. A result
was considered significant if P < 0.05. To determine correlation
the Pearson correlation was used.

As a measure of reproducibility the coefficient of repeatability
was calculated as proposed by Bland and Altman (1986). First, the
difference against the mean for two successive measurements was
plotted for each subject. Secondly, if repeatability could be assessed
using these data, the coefficient of repeatability was calculated as
follows: all the differences were squared, added, divided by the
number of subjects and the square root to get the standard devi-
ation of the differences. The coefficient of repeatability was twice
this standard deviation. The pooled within-subject standard devi-
ation was calculated to assess repeatability for measurements on
successive days (Chinn 1990).



Results
Protocol 1

The cold face test (Table 1) was performed all six times
by all but one person. For this single person the results
of four tests have been included. The median baseline
heart rate was 84 (range 63-98) beats - min~'.

No differences appeared between the first and second
time a test was performed, except for the duration of the
cold face test and the time till the minimal heart rate in
test variation A (P = 0.01). Protocol I revealed that the
fall in heart rate was larger if the subject was not able to
continue breathing. Wearing diving goggles did not
influence the heart rate changes (Fig. 1).

In all subjects, on all but two occasions, the blood
pressure rose during the cold face test from a baseline
median systolic blood pressure of 141 (range 102—
155) mmHg and a median diastolic blood pressure of 75
(range 67-90) mmHg (Fig. 2). Wearing diving goggles
and being able to breathe did not influence the increase
of systolic or diastolic blood pressure during the cold
face test. Being able to breathe prolonged the duration
of the test, as did wearing diving goggles.

Protocol 11

The median baseline heart rate was 85 (range 55—
113) beats - min~'. No significant differences were found
in decreases of heart rate among the different weights.
The median baseline systolic and diastolic blood pres-
sures were 115 (range 94-133) mmHg and 63 (range 54—
68) mmHg, respectively. All blood pressures rose during
the tests and no differences in systolic or diastolic, were
seen among the various weights (Table 2).

Protocol 11T

The mean difference of the heart rate and blood pressure
tended to be different from 0 for the first two tests on
the first and second day. On the third day the mean
difference of the last two measurements showed a trend
of difference from 0. Therefore, the coefficient of
repeatability for two successive measurements on 1 day
was calculated from the two last measurements on the
2nd day the cold face tests were performed. Repeat-
ability was also assessed for measurements on successive
days.

Repeatability was lowest when performing the cold
face tests on the first 2 successive days and it was greatest
for the last two measurements on the 2nd day the tests
were performed; differences found were mean falls in
heart rate of 32 compared to 33 beats - min~', coeffi-
cients of repeatability of 25 compared to 18 beats -
min~'; mean decreases of systolic blood pressure of 15
compared to 15 mmHg, coefficients of repeatability of
22 compared to 12 mmHg; mean decreases in diastolic

Significance,
Tests B

Significance,
Tests A

Breathing, with goggles

No breathing, with goggles

Table 1 The results of the three variations of the test method of the cold face test are shown. 4 The subject was not able to breathe because the bag filled with ice-water covered the
No breathing, no goggles

whole face, eyes and eyelids also being covered, B the same test as described above, but the person was also wearing diving goggles to prevent cooling of, and pressure on, the eyes and

eyelids, C the subject continued to breathe, because the plastic bag covered the forehead and cheeks, but not the nose and mouth. The subject was wearing diving goggles. The results

from the first test (41, B, CI) and from a repeat (42, B2, C2) are shown. P Probability, BP blood pressure

Test

compared to B compared to C

Test A2 Test Bl Test B2 Test Cl1 Test C2

Test Al

Median Range Median Range Median Range Median Range

Median Range

Median Range

Parameter

P = 0.05
P = 0.08

NS
NS

1242
15-48
11-57
10-37

17
22.1

4-54
6-55
850

4-36

15.7

12
20

940

13-46

20
27.2

10-51
11-59

20
28.5

2-50
3-54

11-54 25
32.8

23
30.5

Fall in heart rate (beats - min™")

Fall in heart rate (%)

P < 0.0001

NS
NS
NS

NS
NS
P = 0.05

5-115
26-242 P = 0.003

26
18
44

120.5

11-78
19-180

1

25

849
5-31
15-140 58

13-64

17
41
48

-8to037 23
6-26

7-60

14-62

-9to 50 20
12
34
37

3-36
6-82
7-89

* %
N \O N —
A — N <t
FATR
AN
0 O N <t

20
18
22%
28%*

Increase in systolic BP (mmHg)
Increase in diastolic BP (mmHg)

Time to minimal heart rate (s)

Duration of test (s)

0.01

* Durations of tests A/ and 42 and time till the minimal heart rate of tests Al and A2 were significantly different, P
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Fig. 1 Mean changes in heart rate during the three variations of
protocol I (variation A no breathing, no goggles, B no breathing,
with goggles, C breathing, with goggles) in second-by-second
curves. Typical standard deviations are indicated. The cold face
tests started at time 0
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Fig. 2 The time courses of mean systolic and diastolic blood
pressures for the three variations of protocol I in second-by-second
curves. Typical standard deviations are indicated. The cold face
tests started at time 0. There are no differences between the three
tests (for definitions see Fig. 1)

blood pressure of 12 compared to 12 mmHg, coefficients
of repeatability of 14 compared to 10 mmHg.

Other factors influencing the response

When comparing the results (protocols I-1II) of varia-
tion A — subjects not being able to breathe, and not
wearing diving goggles — of all 27 subjects, the mean was

calculated for each subject and this was used in the
statistical analysis. The duration of the cold face test
correlated well with the heart rate decrease (r = 0.58,
P < 0.001; Fig. 3). In subjects of older ages, the fall in
heart rate was less pronounced (r = -0.47, P =0.014;
Fig. 4), but the duration of the test was also shorter with
increasing age (r = —0.59, P < 0.001; Fig. 5).

Discussion

Our results and comparisons with previous studies
illustrate that standardization of the ability to breathe
during the cold face test is warranted. In the study of
Heath and Downey (1990) 0 °C compresses applied
bilaterally to the face for 40 s have been proposed to
produce the most pronounced bradycardia and periph-
eral vasoconstriction. In their study the subjects were
able to breathe during the cold face test. As stated be-
fore, breathing has been shown to influence the heart
rate (Wheeler and Watkins 1973). This may explain why
the heart rate slows down less when the subject is able to
breathe during the cold face test.

Trouerbach et al. (1994) found no differences be-
tween breath-holding and the continuation of breathing
during a simulated diving manoeuvre. This can partly be
explained by the difference in measuring the effect of the
cold stimulus. In their study baseline values and blood
pressure values during the manoeuvres were measured at
a single point and not continuously, as in our study. In
contrast to their study, in which the cold stimulus was
placed only on the forehead, a larger part of the face was
covered with the cold stimulus during the various tests in
our study. Therefore, the differences found could also
be due to a different coverage of the face. However,
Khurana et al. (1980) studied the effect of coverage of
the face on the cold face test. They found that the
ophthalmic division of the trigeminal nerve is the most
sensitive pathway in eliciting the diving reflex (Khurana
et al. 1980) and no additional effect of covering the
whole face was found.

Bert (1870) first described the diving reflex in ducks
and chickens. These and other animals were not able to
breathe during the submersion. In the facial immersion
test subjects also hold their breath. So a cold face test
with breath-holding seems most close to the original
tests. The marked decrease in heart rate and the lack
of an effect on the blood pressure response support
execution of the cold face test with breath-holding.

Wearing diving goggles was not shown to influence
the heart rate and blood pressure response to the cold
face test. Apparently, ocular pressure during the cold
face test, as we performed it, was too small to elicit the
oculocardiac reflex. When comparing different masses of
the bag used as a cold stimulus, no significant differences
could be found either.

No differences were noted between the first and sec-
ond time a test was performed, except for the duration
of the cold face test and the time until the minimal heart
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Table 2 The median results

from both occasions the cold Parameter Mass of bag
face test was performed in
variation A (during which the 800 g 1100 g 1400 g
:g?ercetsmﬁi)??ﬁ:gfgtglll;ge?;i};fl Median  Range Median  Range Median  Range
f(fv'g’r‘i‘;er t‘fli V‘;‘}rlloolgsfiissés o [Fallin HR (beats - min™") 25 1-62 31 4-52 29 866
and e e%ids were also co.veZed) Fall in HR (%) 333 1-50 39 6-60 40.6 8-56
No siyni ficant differences were Systolic BP changes (mmHg) 32 15-61 37 6-70 28.5 7-58
foun dg HR Heart rate. BP Diastolic BP changes (mmHg) 20 9-43 20 4-38 19.5 6-34
blood. ressure ’ Time till minimal heart rate (s) 26 6-77 23 9-74 25.5 1-77
p Duration of the test (s) 32.5 8-81 26 12-84 31 4-81
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Fig. 3 The relationship between the durations of the test and the
decreases in heart rate (r = 0.58, P < 0.001)
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Fig. 4 The relationship between age and the decrease of the heart
rate during the cold face test (r = —0.47, P = 0.014)

age (years)

Fig. 5 The relation between age and the duration of the cold face
test (r = —0.59, P < 0.001)

rate in A of protocol I. Subjects were taken by surprise
by the intensity of this stimulus and, presumably, had to
habituate to it. But, in spite of the intensity of the
stimulus, the response was not always maximal: the
extent of the response did vary.

Our study shows that the fall in heart rate is influ-
enced by the duration of the cold face test, but is in-
conclusive as to whether it is influenced by the age of the
subject. Like other parameters of the response of the
parasympathetic nerve system (Wieling 1992), it has
seemed that the heart rate changes diminish in older
subjects, but the duration of the cold face test, which
enhances the fall in heart rate, is also reduced with
increasing age.

As the fall in heart rate is influenced by the duration
of the test, it is plausible that we did not always measure
the maximal possible response to the cold stimulus.
Standardizing the cold face test will provide a means of
comparing responses among subjects. Heath and Dow-
ney (1990) have proposed that the cold stimulus should
be applied for 40 s. Of our 27 volunteers, 13 could sus-
tain the stress for at least 40 s. These volunteers were
significantly younger than those subjects who could not
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sustain the stimulus for that long [mean age 23 (SD 3)
compared to 35 (SD 10) years, P = 0.0023]. However,
our population was not representative for that in which,
clinically, autonomic function will be determined: these
patients are generally older. We expect that a duration
of 40 s would be feasible for most persons when they are
encouraged to sustain the stimulus and have had some
practice. Further investigations are needed to reveal
whether the fall in heart rate is influenced by the dura-
tion of the test, the age of a person or by a combination
of the two.

Baseline systolic blood pressure was higher in
protocol I than in protocol II. None of the persons
participating was known to have isolated systolic
hypertension. This difference was probably due to
measuring the blood pressure with a Finapres machine.
The Finapres machine is more accurate when measuring
changes in blood pressure than in measuring the abso-
lute blood pressure. The systolic blood pressure, par-
ticularly, has often been found to be higher when
measured with a Finapres machine than with a sphyg-
momanometer (Imholz et al. 1998).

The repeatability was lowest when performing cold
face tests on the first 2 successive days. This, and the fact
that the mean difference had a tendency to be different
from zero for the first two tests on days 1 and 2, suggests
that subjects habituated to the test. Therefore, it is ad-
visable that the test should be practised before actually
assessing the diving reflex response. When investigating
possible autonomic failure the test can be practised just
before assessing the diving reflex. When performing the
test to investigate the effect of intervention, it can best
be practised on another day, so that adjustment to the
stimulus does not interfere with the assessment of the
effect of intervention.

The responses to the cold stimulus did vary between
protocols T and II. The increase in systolic blood pres-
sure in protocol II seemed higher than in protocol L.
Further investigations in healthy volunteers are needed
to establish age-related normal responses to the cold face
test.

Because the cold face test is a simple method for
measuring the effects of the sympathetic and parasym-
pathetic nerve systems simultaneously, it may be
attractive to use the test in patients who have difficulties
performing other autonomic function tests (e.g. the
isometric handgrip test in patients with rheumatoid

arthritis or standing up in patients with systemic amy-
loidosis).

In conclusion we recommend performing the cold face
test in a setting where the subject does not continue
breathing during the test. The cold stimulus used for the
test should be large enough to cover the whole face of the
subject, but increasing the mass does not seem to amplify
the diving reflex. A test duration of 40 s seems appro-
priate in subjects under the age of 40. The procedure
should be practised in advance of the diagnostic test.
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