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Reduced hyperaemia following skin trauma: evidence for an impaired 
microvascular response to injury in the diabetic foot 
D. Walmsley, J. K. Wales and P. G. Wiles 
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Summary. The hyperaemic response to standard needle injury 
within dorsal foot skin was investigated in normal and Type 1 
(insulin-dependent) diabetic subjects using laser Doppler 
flowmetry. The normal response was maximal within 15 min, 
localised, prolonged and biphasic. In 20 normal subjects and 
three groups of long-duration Type1 diabetic patients 
(20 without complications; 20 with laser-treated retinopathy; 
15 with neuropathy and retinopathy), the median (interquar- 
tile range) peak hyperaemic responses were 1.766 
(1.220-1.970), 1.485 (1.342-1.672), 0.997 (0.705-1.203) and 
1.030 (0.718-1.369) arbitrary units, respectively. Compared to 
normal and uncomplicated diabetic groups, peak flow was 
significantly reduced in the retinopathic (p< 0.0001) and neu- 

ropathic (p= 0.001 and 0.007, respectiwely) groups. There was 
no significant difference between the normal and uncompli- 
cated diabetic groups, nor between the retinopathic and neu- 
ropathic groups. There was no association of the hyperaemic 
response with blood sugar, HbAlc, or duration of diabetes. 
Diabetic patients who have microvascul[ar complications, with 
or without neuropathy, have an associated impairment of 
microvascular response to mechanical injury which might pre- 
dispose to infection and poor wound healing. 

Key words: Injury, hyperaemia, laser Doppler flowmeter, 
Type 1 (insulin-dependent) diabetes mellitus, diabetic angi- 
opathies. 

The triple response to a needle pr ick injury to the skin 
consists o f  a local neurological ly- independent  vasodila- 
tation, a more  widespread  but  transient neurogenic  
flare, and  a weal [1]. These vascular  responses are inte- 
gral parts of  normal  healing and  m a y  be impai red  in 
diabetic patients [2]. Recently, using laser Dopp le r  flow- 
metry  [3, 4], diabetic patients have been found  to have a 
wide range of  abnormal  microvascular  responses [5, 6], 
including reduced hyperaemia  to needle t r auma  in the 
abdomina l  skin [7]. Thus,  a generalised abnormal i ty  of  
vascular  response to injury may  be present  in diabetes, 
which could impair  healing. 

The p rob lem of  p o o r  wound  healing, infection [8] 
and  ulceration is part icularly centred on the feet o f  
diabetic patients [9]. The aims of  this s tudy accordingly 
were: to characterise the hyperaemic  response to a 
s tandard  needle injury in the skin of  the foot using laser 
Dopp le r  f lowmetry;  to assess the local response to 
mechanical  injury in the feet o f  patients with long-term 
Type 1 (insulin-dependent)  diabetes;  and to define the 
relat ionship of  impa i rment  in the response to other 
microvascular  and  neuropath ic  complicat ions of  
diabetes. 

Subjects and methods 

M e N o ~  

After subjects had acclimatised lying supine in a constant temperature 
room at 24~ for 30 rain, relative cutaneous blood flow was measured 
by a PFld laser Doppler flowmeter (Perimed, Stockholm, Sweden) [3]. 
This non-invasive technique avoids many disadvantages of other 
methods [7] and has been validated using synchronous dynamic capil- 
laroscopy [10]. However, the laser Doppler signal can be affected by 
factors such as skin thickness, pigmentation and vessel geometry. Fur- 
thermore, blood flow in the sub-papillary plexus and arterio-venous 
anastomoses is measured as well as that in nutritional capillaries [11, 
12]. Therefore, the laser probe was positioned on the dorsal foot, over 
the first two proximal metatarsal shafts, where there are no arterio- 
venous anastomoses [13] or callus. Thus, readings represent only cap- 
illary and subpapillary plexus flow. Other variables were limited,by 
recruitment criteria. Local skin temperature also influences cutaneous 
capillary blood flow independent of the sympathetic nervous system 
[14-17]. Therefore, local conductive heating with a thermostatically- 
controlled probe-holder (PF2b model) was used to maintain a stan- 
dard skin temperature of 32-33~ measured by electronic ther- 
mometer (Comark, Rustington, W. Sussex, UK). This temperaturel is 
near the top of the normal range, below that required for rapid vasodi- 
latation ([181 and our unpublished observations) and does not inter- 
fere with neurovascular responses [191. 
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Fig. 1. The effect of standard needle injury on cutaneous blood flow 
measured by laser Doppler flowmetry against time. Blood flow was 
measured in 10 feet before, for 20 min after, and at 4, 8, 28 and 50 h 
after injury. Control (means + SD) blood flows measured 35 mm from 
the injury were 0.090_+ 0.025, 0.086 + 0.023, 0.111 + 0.040, 
0.101 + 0.039, 0.132+ 0.072 and 0.107 + 0.040 arbitrary units, respec- 
tively. Wilcoxon's test was used to compare resting and 50 h blood 
flows (p = 0.007), and 4 and 8 h blood flow (p= 0.022) measured at the 
injury site 

Mean resting blood flow was calculated from a stable 2 min peri- 
od, then standard needle trauma was produced using a 25 Gauge hy- 
podermic needle centred on the axis of the laser Doppler probe holder 
by a needle guard. The needle tip extended 2 mm below the guard and 
1 mm below the probe holder. The peak hyperaemic response and the 
area under the blood flow curve during the first 15 min after injury 
were measured on both feet and averaged for analysis. Intra-individ- 
ual coefficients of variation were 12.3% and 14.5% respectively. 
Neither haematomas, nor local oedema, were visible in any study. 

Preliminary studies using 10normal volunteers (7male), age 
24-37 years, [20] had shown that the response was maximal within 
15 min of the injury, localised with a radius less than 5 mm from the 
injury site, prolonged up to 50 h and biphasic (Fig. 1). 

Subjects 

The hyperaemic response was assessed in 20 normal volunteers and 
55 long-duration Type 1 diabetic patients grouped according to their 
complications (Table 1): (1) normal volunteers; (2) diabetic patients 
without complications; (3)diabetic patients with proliferative reti- 
nopathy that had required laser therapy, but without neuropathy, and 
(4) diabetic patients with neuropathy and retinopathy. Thirteen sub- 
jects in group 4 had received laser therapy, one was blind and one had 
a marked exudative retinopathy. Nine had previously suffered from 
neuropathic foot ulceration. 

Subjects were excluded from the study if they were over 65 years, 
non-caucasian, smokers, taking drugs other than insulin or had hyper- 
tension (diastolic pressure > 90 mmHg), Raynaud's phenomenon, 
macrovascular disease (intermittent claudication or an ankle to 
brachial systolic pressure ratio < 1 [21]), clinical oedema, active foot 
ulceration, a raised serum creatinine level or abnormal liver function 
tests. No patient had a blood sugar below 4 mmol/1 at the start of the 
study, or suffered symptomatic hypoglycaemia beforehand. All 
studies began between 08.30 and 10.00 hours. 

Type 1 diabetes was defined by ketoacidosis or an onset before 
30 years of age that required insulin therapy within a few weeks of di- 
agnosis. Retinopathy was assessed by an ophthalmologist using direct 
and indirect ophthalmoscopy or fundal photography. No microaneu- 
rysms, exudates or haemorrhages were seen in the uncomplicated 
diabetic group. The presence or absence of neuropathy was defined 
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by the ninetieth centile of vibration perception threshold for age [22] 
using a biothesiometer (Biomedical Instrument Co, Newbury, Ohio, 
USA) on the hallux of both feet. Autonomic function was assessed by 
heart rate variation with deep breathing [23]. Glycaemic control was 
assessed from venous blood glucose and HbAlc measured by isoelec- 
tric focussing. 

The studies were approved by the hospital ethics committees and 
informed consent obtained from each subject. 

Statistical analysis 

Results are expressed as median and interquartile range. Groups were 
compared by the Kruska]i-Wallis test. If a significant difference be- 
tween the groups was found (p< 0.05), the two-tailed Mann Whitney 
U test was used to define where this occurred. Rank correlation was 
assessed by Spearman's test. 

R e s u l t s  

Skin temperatures at the time of peak hyperaemia and 
the preceding resting blood flows were comparable 
among the four groups (Table 2), although there was a 
positive correlation between the resting blood flow and 
peak hyperaemic flow within each diabetic subject 
group (rs=0.36, 0.4.1 and 0.47, p=0.022, 0.008 and 
0.009 respectively). 

There was no significant reduction of the peak 
hyperaemic response within 15 min of injury in the un- 
complicated Type 1 diabetic patients when compared 
to the control subjects. Patients with severe retinopathy, 
irrespective of neuropathy, showed a highly significant 
reduction of the peak response compared both to the 
non-diabetic and to the uncomplicated diabetic groups 

Table 1. Characteristics of the normal volunteers and patients with 
Type 1 (insulin-dependent) diabetes grouped according to complica- 
tions. Results are expressed as median (interquartile range). The num- 
ber of patients with persistent albustix positive proteinuria are shown. 
E / I  ratio = the mean of  (the longest R-wave interval on an electrocar- 
diograph during expiration / shortest R-wave internal during inspira- 
tion) from six deep breaths performed in i min 

Normal Type 1 diabetic patients 
volunteers 

No compti- Retinopathy Neuropathy 
cations and retinopathy 

Number (male/ 
female) 

Age (years) 

Proteinuria 

Duration of 
diabetes (years) 

Blood sugar 
(mmol/l) 

HbAlc (%) 

Mean vibration 
perception thres- 
hold (V) 

E/I ratio 

9:11 15:5 12:8 9:6 

44 43.5 39 50 
(32-55) (39 51) (33-48) (39.75-56.25) 

0 0 2 4 

0 23.5 26 32.5 
(16-29) (21-28) (23.75-34.75) 

4.1 12.9 13.1 13.2 
(3.8-4.4) (6.7-17.6) (8.0-17.5) (7.7-21.9) 

6.2 9.25 10.0 10.9 
(5.5-6.7) (8.1-10.3) (9.0 11.0) (9.8-11.9) 

7.5 9.0 10.25 42.0 
(5.5-8.5) (6.5-11.0) (8.5-12.5) (31.0-45.5) 

1.34 1.28 1.14 1.05 
(1.24-11.59) (1.19-1.53) (1.09-1.18) (1.04-1.19) 
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Table 2. Details of the mean resting blood flow levels, skin temperature at peak hyperaemia, and area under the curve of blood flow against time 
during the first 15 rain after injury in the 4 groups. Results are expressed as median (interquartile range) and significance levels, assessed for the 
four groups by the Kruskal-Wallis test, are given 

Normal 
volunteers 
(n=20) 

Type 1 diabetic patients p value 

No Retinopathy Neuropathy 
complications (n = 20) and retinopathy 
(n = 20) (n = 15) 

Resting blood flow 0.213 0.218 0.179 0.191 > 0.05 
(arbitrary units) (0.143-0.267) (0.186-0.266) (0.154-0.218) (0.137-0.248) 
Skin temperature 32.6 32.9 32.7 32.7 > 0.05 
(~ C) (32.5-32.8) (32.7-33.0) (32.5-33.0) (32.5-33.1) 
Area under blood 18.74 15.75 9.89 11.65 < 0.005 
flow curve (12.5%21.42) (14.95-18.04) (7.03-12.23) (7.34-14.2"1) 

(Fig.2). Analysis of area under the blood flow curve 
during 15 min after trauma (Table 2) gave the same pat- 
tern of results. There was no correlation of the hyper- 
aemic response with blood sugar, HbAtc or duration of 
diabetes. 

Discussion 

We have described an impairment of the hyperaemic re- 
sponse to mechanical injury in the feet of long-duration 
Type i diabetic subjects that is associated with other 
manifestations of microvascular disease. This has not 
been reported before and might explain the association 
between retinopathy and foot lesions [24, 25]. 

The hyperaemic response to cutaneous needle trau- 
ma measured by laser Doppler flowmetry represents 
the first (neurologically-independent) part of Lewis' 
triple response [1]. It is localised, has a gradual onset 
and a protracted course. The response is biphasic, as 
noted by Lewis, and the secondary hyperaemia has a 
similar time-course to late-phase cutaneous IgE-medi- 
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Fig.2. Mean peak hyperaemic responses to standard needle injury 
measured by laser Doppler flowmetry on the dorsal skin of both feet 
in normal and Type 1 (insulin-dependent) diabetic subjects grouped 
according to their complications. Bars represent the median values. 
Responses were reduced in the retinopathie (n= 20, p <  0.0001) and 
the neuropathic (n=15, p=0.001 and 0.007, respectively) diabetic 
groups compared with the normal (n=20) and uncomplicated 
diabetic (n = 20) groups 

ated reactions [26] and the release of acute phase pro- 
teins after injury [27], suggesting that activated macro- 
phages may be involved. The first 15 min of hyperaemia 
represents the initiation of a local complex vascular re- 
sponse to tissue damage. Thus, an impaired initial re- 
sponse is likely to indicate microvascular disease and 
was associated with retinopathy in these diabetic pa- 
tients. 

The impaired response is unlikely to be caused by 
altered capillary density as this was unchanged in vivo 
[28] and on histology [29] in diabetic patients with com- 
plications. Also, the resting blood tlow levels at a stan- 
dard skin temperature were similar for the four groups, 
although there was a correlation between resting flow 
and peak hyperaemia in each diabetic group. An appro- 
priate supine non-shunt flow is therefore maintained in 
diabetic subjects with or without microvascular compli- 
cations. The reported high capillary flow in neuropathic 
diabetic subjects [281 may result from temperature dif- 
ferences caused by increased arteriovenous shunting 
[30, 31]. The effects of aging on capillary density [32] 
and neuropathy [22] were minimised using an age limit 
of 65 years. Structural vascular changes, such as acellu- 
lar capillaries and pericyte degeneration [29, 33], might 
have reduced the response, although they have not yet 
been well described in relation to diabetic retinopathy. 

Skin blood flow is under sympathetic control as well 
as responding to local temperature variations. We made 
no effort to abolish sympathetic tone as we were exam- 
ining the response under normal conditions. The 
presence of sympathetic tone would undoubtedly have 
reduced cutaneous blood flow [17, 341 and contributed 
to inter-individual variations in the response. If we had 
abolished sympathetic tone, the group differences are 
likely to have been clearer because both neuropathic 
and retinopathic groups had reduced autonomic activ- 
ity assessed by deep breathing (Table 1). 

Our finding of a normal hyperaemic response to 
need le  trauma in uncomplicated Type 1 diabetic pa- 
tients is in apparent contrast to that reported by Ray- 
man et al. [71. However, this could be explained by some 
of their patients having background retinopathy and 
their use of a larger stimulus. Neither study showed a 
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correlation between the response and short- or me- 
dium-term glycaemic control. 

We have shown that microvascular complications, 
with or without neuropathy, are the major features as- 
sociated with an impaired hyperaemic response to me- 
chanical injury in the dorsal foot of diabetic patients. As 
vasodilatation and high capillary flow are themselves 
important stimuli for angiogenesis [35], this impaired re- 
sponse could contribute to the poor wound healing and 
infection often seen in diabetic feet. 
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