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Summary. The purpose of this study was to evaluate the effec-
tiveness of the warm-air box method on the arterialization of
venous blood during euglycaemia and hypoglycaemia. Six
healthy male volunteers were studied using an i. v. infusion of
insulin (144 mU-kg-'-h-!). Arterial blood glucose was
clamped at the baseline level for the first 30 min and sub-
sequently reduced to 3.2 and to 2.5 mmol/l for 20 min. At
each stage, including prior to insulin infusion, arterial, arte-
rialized venous (heating the hand in a warm-air box set to
55-60°C), venous and capillary blood samples were taken
simultaneously for analyses of blood glucose and oxygen
saturation (not for capillary blood). The oxygen saturations
in arterialized blood were approximately 3% below the arte-
rial values. The arterial-arterialized difference of blood glu-
cose was about 0.1 mmol/l (the 95% confidence interval:
from - 0.19 to 0.41 mmol/l), which tended to correlate with
the difference in oxygen saturations between the arterial and

arterialized blood samples (r =0.25, p =0.08). During the
test the forearm venous blood oxygen saturation increased
by 9% and the arteriovenous difference in blood glucose
ranged from 0.2 to 0.5 mmol/l which correlated significantly
with the difference in oxygen saturations (r =0.48,
p <0.001). Capillary glucose was similar to the arterialized
value. Rectal temperature was stable during the experiment.
We conclude that the heated hand technique using the warm-
air box sufficiently arterializes venous blood so that the glu-
cose measurement in the arterialized blood provides a rea-
sonable estimate of the arterial value and that the venous
blood from the contralateral forearm is also markedly arte-
rialized, probably reflecting a vasodilator effect of heating.
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During hyperinsulinaemic glucose clamp studies, the arte-
riovenous difference in blood glucose concentration is de-
pendentonthe sensitivity of the tissue toinsulin and the cir-
culatinginsulinlevel aswell as thelocal blood flow. In order
to accurately investigate the effects of glycaemic alteration
on physiological responses and on the secretion of hor-
mones, the arterial blood glucose concentration should be
monitored. However, there are considerable difficulties in
obtaining arterial samples and there are also some risks as-
sociated with arterial cannulation. Many investigators
have therefore measured the arterialized venous blood
glucose level from a heated hand using either awarm-blan-
ket or a hot-air box. It has recently been demonstrated,
however, that the warm-blanket hand heating method may
not satisfactorily arterialize venous blood [1] and that it in-
creases the body temperature considerably and raises the
deep venous blood oxygen content in the contralateral
forearm [2]. The alternative procedure of heating the hand
by a warm-air box has been reported not to affect the body
temperature and to have aminimal effect on the cardiovas-

cular system [3]. However, the degree of arterialization
achieved with this method during hyperinsulinaemia has
not been fully examined. During hypoglycaemia, quite a
small difference in arterial blood glucose might be of criti-
cal importance when the blood glucose level is close to the
glucose threshold of the counterregulatory process [4]. The
purpose of this study was, therefore, to evaluate the warm-
airboxmethod onthe effectiveness of blood arterialization
during hyperinsulinaemic euglycaemia and hypogly-
caemia in healthy subjects. The arterial, arterialized ven-
ous and venous blood oxygen saturation was assessed and
glucose concentrations were also measured in these sam-
ples as well as from capillary blood.

Subjects and methods

Six healthy male volunteers aged 31 + 3 years (mean+ SD) (body
mass index 24.2 + 2.4 kg/m?) participated in the study. None was tak-
ing any medication. Informed consent to participate in the study was
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Fig.1. The relationships between the arterial-arterialized difference
of blood glucose (A A-AV blood glucose) and arterial blood glu-
cose, and arterial-arterialized difference of blood oxygen saturation
(A A-AV blood oxygen saturation) (n =48, r =025, p = 0.08), dur-
ing hyperinsulinaemic euglycaemia-hypoglycaemia clamp experi-
ments in six healthy subjects. The two horizontal lines in the upper
part of the figure indicate the 95% confidence interval

obtained from all of the subjects, and the study was approved by the
local ethical committee. The experiments took place at a room tem-
perature of 24°C. On the morning of the test, after an overnight fast,
the subjects rested in a comfortable, semi-recumbent position for
30 min prior to the experiments. Under local anaesthesia, a short
teflon cannula was inserted into an antecubital vein of each arm, for
infusions (right arm) and for venous blood sampling (left arm). A
cannula was placed in a dorsal hand vein on the right hand which was
placed in a warm-air box (Department of Medical Physics, Queen’s
Medical Centre, Nottingham, UK) heated to 55-60°C to arterialize
the venous blood samples and another cannula was inserted into the

radial artery on the left hand for arterial blood sampling. The can-
nulae were kept patent with 150 mmol/l NaCl. The experiment was
divided into four stages. Before the insulin infusion was started, the
subject had a 30-min rest and blood samples were taken (stage 1).
Next, insulin (Actrapid Human, Novo A/S, Copenhagen, Denmark)
was intravenously infused using a pump (Imed volumetric infusion
pump, Milton Trading Estate, Oxon, UK) at arate of 144 mU -kg~!-
h~! and the arterial blood glucose was clamped by a variable i.v. in-
fusion of glucose (20% ) adjusted according to the arterial blood glu-
cose level measured at 1.5-5 min intervals. During insulin infusion,
arterial blood glucose was maintained at the baseline level during
the first 20-30 min (stage 2). It was then reduced to 3.2 mmol/l over
approximately 10-15 min and maintained for 20-30 min (stage 3),
after which it was further decreased to 2.5 mmol/l and maintained
there for 20-30 min (stage 4). At each stage, there were two samp-
ling times, 15-25 min apart, during which arterial, arterialized ve-
nous, venous and capillary blood samples were taken simultaneously
for analyses of blood glucose and oxygen saturation (not for capil-
lary blood). Blood glucose was immediately determined by two glu-
cose analyzers (Yellow Springs Instruments, Yellow Springs, Ohio,
USA) in random order. The intra- and inter-day coefficient vari-
ations (CV) of the glucose measurement were 1.4% and 2.3%, re-
spectively. Blood oxygen saturation was measured (ABL3,
Radiometer, Copenhagen, Denmark) within 20 min. Rectal tem-
perature was measured before and at the end of the experiment.

Statistical analysis

The average values of two measurements of variables in each stage
were calculated. Statistical analysis was made with one- or two-way
analysis of variance (ANOVA), paired -tests and the Pearson coef-
ficient of correlation (in which every individual measurement was
included). Unless otherwise stated, the data are expressed as
means + SEM.

Results

The actual arterial blood glucose levels achieved during
the clamp stages were very close to the target levels and
the inter-individual variations of arterial blood glucose
concentration were low (Table 1). The intra-individual
variations (CV) of arterial blood glucose levels ranged
from 1.2 to 7.7% . There was no significant difference be-

Table 1. Arterial (A), arterialized venous (AV), venous (V) and capillary (C) blood glucose and oxygen saturation values (means = SEM) dur-
ing hyperinsulinaemic euglycaemia-hypoglycaemia clamp experiments in six healthy subjects

Oxygen saturation (%)

Blood glucose (mmol/1)

A AV v C
Normoinsulinaemia -97.3 2017 943 +0.55¢ 80.2 +2.91°
eu;lycaemia (stage 1) 4.78+0.16 4.70+0.19 4.52+0.19* 4.68 £0.20
Hyperinsulinaemia 97.6 +£0.20 95.0 +0.51° 80.8 +2.68°
eug+lycaemia (stage 2) 4.7310.13 4.55+0.09 4.28+0.10° 4.55+0.15
Hyperinsulinaemia 97.8 +0.07 948 £0.71° 821 +1.21¢
milti hypoglycaemia (stage 3) 3.19+0.04 3.09+0.07 2.93+0.05° 3.14 +£0.04
Hyperinsulinaemia 98.1 +0.20 93.8 £147* 89.7 £1.29¢
ma—:ked hypoglycaemia (stage 4) 253£0.02 2.44 +£0.022 2.33£0.06* 2.49+0.04

1 p <005 ° p<001, ¢ p<0.005 ¢p<0001,ascompared with the arterial values
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tween the two blood glucose levels measured at each stage
of the clamp experiment. The rectal temperature was
stable during the experiment (37.0 £0.09 vs 36.9 £0.11°C,
NS).

The arterialization technique generated oxygen satu-
rations in arterialized venous blood which were approxi-
mately 3% below the arterial values (Table 1). In consis-
tency with this, there was a small difference between the
arterial and the arterialized venous glucose levels which
was about 0.1 mmol/l (Fig.1). The 95% confidence inter-
val of the difference ranged from —0.19 to 0.41 mmol/l
(means +2 SD). This difference in blood glucose was
similar before and during insulin infusion, but tended to
be smaller at the lower blood glucose levels. The dif-
ference of blood glucose between the arterial and arte-
rialized venous blood tended to correlate with the dif-
ference of blood oxygen saturations between these two
compartments (7 = 0.25, p =0.08) (Fig. 1).

The differences in arterial and forearm venous blood
glucose levels ranged from 0.2 to 0.5 mmol/l (Table 1).
The largest difference appeared at stage 2, i.e. during
hyperinsulinaemic euglycaemia; thereafter it decreased
slightly as the experiment continued. During this period
the forearm venous blood oxygen saturation increased by
9% . The arteriovenous difference in blood glucose corre-
lated significantly with the arteriovenous difference in
blood oxygen saturation (r = 0.48, p < 0.001).

The capillary blood glucose concentrations were simi-
lar to the arterialized venous values. During hypogly-
caemia, capillary glucose was slightly higher than the arte-
rialized venous glucose levels and was closer to the arterial
glucose values (Table 1).

Discussion

This study demonstrates that the arterialization technique
used here, i. e. the warm-air box (55-60°C), can sufficient-
ly arterialize venous blood and achieve an arterialized
blood glucose level close to the true arterial value. The
fact that the differences in the arterial and arterialized
blood glucose tended to correlate with the differences in
the arterial and arterialized blood oxygen content again
suggests that the accuracy of arterialized blood glucose
measurement as reflecting the arterial values is dependent
on the degree of arterialization of blood oxygen satura-
tion. This study also confirms that the warm-air box tech-
nique does not influence body temperature.

The arteriovenous difference of blood glucose in this
study was smaller than that recorded in a previous study
from our laboratory in which the same insulin infusion was
given while arterial and forearm venous blood samples
were taken without hand heating [4]. This difference may
be explained by an arterialization effect of the venous
blood in the contralateral forearm since venous blood
oxygen saturation increased by 9% during the present ex-
periment. The significant correlation between the arte-
riovenous differences of blood glucose and blood oxygen
content indicates such an arterialization effect, which may
be due mainly to the vasodilating effect on the forcarm
superficial vasculature when heating the contralateral
hand [1-3, 5].

During insulin-induced hypoglycaemia, the arte-
riovenous difference in blood glucose is influenced by
plasma insulin concentrations, counterregulatory factors
and ambient blood glucose levels [4]. In the present study,
the difference between the arterial and the arterialized
venous blood glucose levels was so small that the depen-
dency of this difference on insulin and glucose levels could
not be assessed. Thus, under such conditions, arterialized
blood glucose values provide a reasonable estimate of the
arterial glucose levels, and are unlikely to introduce major
errors in the interpretation of studies. However, in the
present study there was a small difference in the arterial
and the arterialized blood glucose levels which was con-
sistent and reached statistical significance during stage 4
(in marked hypoglycaemia) and the blood oxygen satura-
tion was also significantly lower in the arterialized venous
blood compared to the arterial blood. Thus, the arterializ-
ation process is not 100% effective but it is unlikely that an
error of 0.1 mmol/l in the estimation of arterial blood glu-
cose would be of major importance since it represents the
resolution and accuracy of most methods for measuring
blood glucose.

This study was not designed to evaluate the effect of
plasmainsulinonthe difference of arterial-arterialized glu-
cose over as large a range of concentrations as applied by
other investigators [6, 7]. The largest discrepancies in arte-
rial and arterialized venous glucose were noted with the
firstsamplestaken during stages 2 and 3, with better agree-
ment for the second samples at each stage. As these first
sampleswere only taken 5-10 min after achieving each glu-
cose level, it is unlikely that a true steady state had been
achieved. Thus, the disagreement between the arterial and
arterialized venous samples may be partly due to this non-
steady state producing errors when sampling times are sim-
ultaneous. This explanation is supported by the fact that
one of the samples taken at the start of stage 3 actually had
an arterialized value higher than the arterial. However,
once a more steady state was achieved the disagreement
between the arterial and arterialized glucose levels was
within 0.2 mmol/l, and was even less in hypoglycaemia.

In summary, this study demonstrated that the heated
hand technique using the warm-air box sufficiently arte-
rializes venous blood so that the glucose measurement in
the arterialized blood provides a reasonable estimate of
the arterial values and that the venous blood from the con-
tralateral forearm is also markedly arterialized, probably
reflecting a vasodilator effect of heating.
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