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Summary. Autoregulation of blood flow was studied in skele-
tal muscle and subcutaneous tissue in seven Type 1 (insulin-
dependent) diabetic patients (median age: 36 years) with ne-
phropathy and retinopathy and in eight normal subjects of the
same age. Blood flow was measured by the local **Xe wash-
out technique. Reduction in arterial perfusion pressure was
produced by elevating the limb 20 and 40 cm above heart lev-
el. Blood flow remained within 10% of control values when
the limb was elevated in normal subjects. In five of the seven

diabetic subjects blood flow fell significantly in both tissues
when the limb was elevated 40 cm indicating impaired auto-
regulation. The results suggest that intrinsic vascular (arterio-
lar) mechanisms (myogenic and/or metabolic) underlying the
normal autoregulatory response are defective in some diabetic
patients with microangiopathy.
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tural change, diabetic microangiopathy.

Autoregulation of blood flow, i.e. the maintenance of
blood flow within narrow limits during changes in per-
fusion pressure induced by changing arterial pressure,
has been demonstrated in many tissues and organs.
Much attention has been paid to autoregulation in the
brain [1] and the kidney [2] but it has also been demon-
strated in human subcutaneous tissue [3] and skeletal
muscle. The mechanisms underlying the compensatory
changes in vascular (arteriolar) tone during changes in
arterial pressure are unknown. The autoregulatory re-
sponse is unaffected by chronic sympathetic denerva-
tion [4] indicating that intrinsic vascular mechanisms
are responsible. The major theories invoke changes in
myogenic activity [5] or local metabolic factors [6]. Ar-
teriolar tone is influenced by local changes in concen-
trations of various metabolites including adenosine [7],
pyrophosphate [8] and potassium [9]. Furthermore, local
changes in oxygen [10] and carbon dioxide tensions [11]
may play an important role.

In diabetic subjects cerebral blood flow is less rigid-
ly controlied than in normal subjects, suggesting im-
paired autoregulation [12, 13]. Apart from this no infor-
mation is available on autoregulation in diabetes. The
purpose of our study was to determine whether im-
paired autoregulation was present in skeletal muscle
and subcutaneous tissue in long-standing, Type 1 (insu-
lin-dependent) diabetic patients with microangiopathy.

Blood flow was measured by the local isotope washout
technique and reduction in perfusion pressure was pro-
duced by elevation of the limb.

Patients and Methods

Seven diabetic patients (two women and five men), aged 25-39 years
(median: 36 years) were investigated; all had been fully informed of
the nature of the study before giving their consent. The duration of
diabetes ranged from 15 to 20 years (median: 18 years). Two patients
had proliferative retinopathy and the remaining five had background
retinopathy. All had nephropathy defined as persistent proteinuria
(range 1.5-4.2 g/24h; median 1.8 g/24h). Glomerular filtration rate
measured with the 3'Cr-EDTA technique [14] ranged from 54 to
101 ml/min per 1.73 m? (median 87 ml/min per 1.73 m?). Peripheral
pulses were normal and the ankle systolic pressure was equal to or
greater than the arm pressure in all patients. These findings indicate
that there was no significant large vessel narrowing. The mean arterial
blood pressure was 108 mmHg (range: 97-110 mmHg). None of the
patients were taking drugs except insulin. All had their morning insu-
lin (07.00 h) and normal breakfast (07.30 h) at home on the day of the
investigation, which started at 13.00 h. No patient had ketonuria dur-
ing the investigation, when blood glucose ranged from 3.6 to
15.7 mmol/1 (median: 11.1 mmol/1).

The control group consisted of eight healthy subjects (two women,
six men) aged 33-40 years (median: 36 years).

Blood flow in SC tissue and muscle was measured by the local
133X e washout technique [15]. "**Xe in saline (0.1-0.2 ml, 0.5-1.0 mCi
was injected: (a) into the SC tissue 10 cm below the head of the fibula;
(b) into the upper third of the opposite tibialis anterior muscle). After
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Fig. 1. Two sets of measurements (count rates) in muscle tissue show-
ing (upper panel) normal and (lower panel) impaired autoregulation.
In the centre measurement of each set the leg was raised 40 cm. The
numbers are the washout rate constants (k/min): 100 for each slope
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Fig.2. Relative blood flow against height of elevation of the limb for
muscle (upper panel) and subcutaneous tissue (lower panel). The ver-
tical bars represent the range and median values for eight normal sub-
jects. The lines join the median values for the diabetic subjects

waiting for the hyperaemia of the injection to subside (60 and 20 min,
respectively) measurements were started. The impulses were detected
by a Nal scintillation detector (Mdlsgaard, Hérsholm, Denmark
33 mm diameter, 25 mm thick) connected with a spectrometer (Medi-
tronic, Copenhagen, Denmark) with a window set around the 81 kev
¥-photo peak of 33Xe. The detector was placed about 25 cm from the
limb which was immobilized with a vacuum fixation pillow. In each
site measurements of the clearance of the isotope were made with the
limb horizontal (depot at heart level) and then successively at 20, 0, 40,
0, 40 and 0 cm above heart level. When the limb was elevated care was
taken to avoid pressure over the popliteal vein. The time between
changing position and starting the next set of measurements was
about 5 min. The count rates obtained were about 500-1000/s from
muscle and about 100-5000/s from SC tissue. Background counts
were < 20/s.

A digital count of the impulses recorded each 10s was obtained.
The washout rate constant (k/min) was determined as the regression
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coefficient calculated by the method of least squares from the loga-
rithm of the count rate corrected for background activity. Relative
blood flow at each height above heart level was calculated as the k-
value obtained above heart level divided by the mean of the k-value
obtained at heart level immediately before and after the measurement
(Fig.1). At 40 cm elevation the mean of the two sets of measurements
was used.

Statistical Methods

Non-parametric statistical methods have been used. Results are given
as the median (range). Differences between groups have been tested
using the randomisation test for independent samples.

Results

Normal Subjects

Both in skeletal muscle and subcutaneous tissue blood
flow always remained within 10% of the control value
when the limb was elevated to 40 cm above heart level.

Diabetic Subjects

There was a reduced capacity for autoregulation in both
skeletal muscle and subcutaneous tissue (Fig.2). The
relative blood flow when the limb was raised 20 and
40 cm were for muscle: §6% (82%-110%) and 79%
(11%-106%) and for SC tissue: 96% (91%-130%) and
66% (12%-95%), respectively. For both skeletal muscle
and subcutaneous tissue, the median relative blood flow
at 40 cm elevation was less than in normal subjects (p<
0.05 and p<0.001 respectively).

In each site the same two patients were able to main-
tain the blood flow within the normal range at 40-cm
elevation. In four diabetic patients the blood flow in
muscle, at 20-cm elevation, was less than that seen in
any of the normal subjects.

Discussion

The major novel observation in our study is the demon-
stration of impaired autoregulation of blood flow in the
skeletal muscle and subcutaneous tissue in long-term
Type1 diabetic patients with microangiopathy. It
should be noted that we have only tested the response
to decreased perfusion pressure. No patient had evi-
dence of large vessel disease affecting the lower limbs
and arterial hypertension was not present. During the
test arterial blood pressure in the limbs was reduced in
proportion to the height of the elevation above heart
level. In the upper limb the venous pressure remains
constant at close to 0 mmHg when the limb is elevated
[3]. It is likely that the veins in the lower limb behave
identically. Elevation of the limb by 40 cm reduced the
perfusion pressure by approximately 30%. If there had
been a complete loss of autoregulation so that the flow
was passively dependent on perfusion pressure, it
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would be expected that the blood flow would fall by the
same proportion. The observed median decreases in
blood flow, 21% for muscle and 34% for subcutaneous
tissue were close to the predicted pressure-passive val-
ues. It should be mentioned that a wide variation in re-
sponses in both tissues ranging from normal to severely
impaired autoregulation was demonstrated. It is possi-
ble that this variation can be explained by varying de-
grees of arteriolar disease. However tissue biopsy was
not performed.

The basis for these abnormalities might involve ei-
ther structural changes (e.g. arteriolar hyalinosis) and/
or functional disturbance of smooth muscle so that
reactivity was impaired. We have recently produced evi-
dence of reduced distensibility of the microcirculation
(arterioles) in muscle in a similar group of long-term
Type 1 diabetic patients with clinical microangiopathy
[16]. The same structural changes could underly both
abnormalities. Descriptions of histological changes [17,
18] have concentrated on abnormalities of the tunica in-
tima, although it is conceivable that intimal disease
could reduce the effectiveness of vasodilatation while
vasoconstriction could be normal. However, the maxi-
mum blood flow in muscle was not reduced following
ischaemic exercise in a similar group of diabetic pat-
ients [16, 19, 20], indicating that the vascular bed reacted
normally to a strong metabolic stimulus. This points to
a more specific lesion of the mechanisms underlying the
autoregulatory response: hyaline deposits of the arteri-
olar wall might impair myogenic responses or there may
be local metabolic disturbances which affect arteriolar
smooth muscle activity.

Our study provides further evidence of disturbed
microcirculatory control in diabetes. Autonomic neu-
ropathy causes a reduction in response both to reflexly-
induced thermoregulatory stimuli [21] and to local in-
creases in venous pressure [22]. The changes we have
observed are probably due to local structural or func-
tional disturbances in the arterioles which are indepen-
dent of autonomic neuropathy. The observed impair-
ment of autoregulation may indicate that reduction of
the local arterial perfusion pressure due to proximal oc-
clusive arterial disease causes a larger fall in the perfu-
sion in skeletal muscle and skin in the diabetic patients
than in atherosclerotic patients without diabetes. Con-
sequently tissue ischaemia may develop earlier in dia-
betic patients with proximal occlusive arterial disease.

Further studies including tissue biopsy are neces-
sary to determine whether our findings can be related to
histological changes. However, we believe that we now
have methods for assessing microvascular function and
these may allow a reassessment of the clinical impor-
tance of microvascular disease in the leg.
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