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Fluorescein angiography for predicting

healing of foot ulcers

Lena Wallin', Hjalti Bjérnsson! and Anders Stenstrém?

Fluorescein angiography (FA) was performed on 83 patients (68 diabetics) with foot
ulcer or gangrene. Densitometric measurements were made on the FA images, and
different FA parameters were defined. These parameters, as well as systolic ankle and
toe blood pressures, were evaluated for predicting the future course, i.e., whether
healing would occur or whether major amputation below or above the knee had to be
performed. The toe siope (i.e., the rate of increase of fluorescence on the big toe du-
ring the first 10 seconds after its appearance on the toe) predicted healing correctly in
0.83 and major amputation in 0.88. The ankle and toe pressures had only slightly lo-
wer predictive value. The combination of ankle pressure and toe slope predicted hea-
ling correctly in 0.91 and major amputation in 0.88. When ankle pressure cannot be
measured, FA is the method of choice. Further, FA provides information on regional
blood flow unobtainable by any other method.

Systolic arterial pressures in the ankle and the big toe
are the most commonly used parameters for predicting
healing of ulcers or gangrene on the foot and for the se-
lection of amputation level in an ischemic limb (Carter
1978, Holstein and Lassen 1980). However, the pres-
sures can be unreliable because of rigid sclerotic arter-
ies or localized digital ischemia. This may lead to an
unnecessarily high level of amputation.

The arterial pressure is only an indirect measure of
skin perfusion. The distribution of fluorescence in the
skin after intravenous injection of fluorescein is relat-
ed to the distribution of blood flow and is useful for
predicting healing of ischemic lesions (Lange and
Boyd 1943, MacFarland and Lawrence 1982, Tanzer
and Horne 1982). Lund and Lund (1972) introduced a
rapid sequence photography of skin fluorescence that
also offers the opportunity to measure the skin fluores-
cence densitametrically (Lund 1979). This would pro-
vide quantitative dynamic information about skin
blood perfusion and its distribution.

We have measured different skin fluorescence par-
ameters by densitometry. Their use for predicting the
future course of ulcers and gangrene on the foot was
compared with that of ankle and big toe systolic pres-
sures.
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Patients and methods

From March 1983 to April 1985, we performed fluo-
rescein angiography (FA) of the foot soles and meas-
ured distal systolic blood pressures in 83 patients (37
women) with ulcers or gangrene on the foot. Sixty-
eight were diabetics and 15 had arteriosclerosis. The
mean age was 70 (36-91) years. Thirteen patients (5
nondiabetics) had ulcers or gangrene bilaterally. To-
tally, 96 legs were evaluated.

Fluorescein angiography (FA)

The patient was given 1 mg clemastine (Tavegyl®,
Sandoz) by mouth 2—4 hours before FA to prevent nau-
sea. To ensure cutaneous vasodilation, 9.5 g ethanol
(30 mi solution) was given orally, and the patient
stayed in a warm room (27-29 °C) upon an electric
blanket for about 30 min. Sodium fluorescein (Fluo-
resceite® injection 10 percent, Alcon), 10 mg/kg body
weight, was rapidly injected i.v. Starting 10 s after in-
jection, one picture was taken every 2 s during the first
minute, then every 10 s during the recorded minute,
and then after 2.5, 3, 4, 5, 10, and 15 min. The method
has been described by Lund (1981). The appearance
time in the cheek was recorded as a measure of the pa-
tient’s central circulation time.

The optical density of three circular areas in the foot
soles ~- viz., the center of the heel, an area proximal to
the little toe, and the pad of the big toe — was measured
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with a Macbeth densitometer. Diagrams of density
against time were then plotted (Figure 1). The appear-
ancetime for the fluorescence, the initial slope (the rate
of density increase during the first 10 s after appear-
ance), and maximal fluorescence (the average of the
densities at 4, 5, and 10 min) were recorded. Maximal
fluorescence and slope values for the measured areas
were expressed in units defined as a percent of the
highest values in any of the six measured areas on the
feet.
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Figure 1. Toe fluorescence in diabetic male, group 1. Normal
findings on the right side. Gangrene on the left foot with abnor-
mally late and slow arrival of fluorescence. Initial density in-
crease a and b were used to calculate right (65 units) and left (8

The systolic arm blood pressure was measured by
conventional auscultatory technique. Systolic ankle
and big toe pressures were measured by means of in-
flatable cuffs at the ankle and toe, respectively. For toe
pressure, and usually for ankle pressure, the flow sig-
nal was measured from the distal portion of the big toe
by astrain-gauge technique (Strandness and Bell 1965,
Gundersen 1972). In some patients the flow signal for
ankle pressure was detected by a Doppler ultrasound
probe at the posterior tibial or dorsal pedal artery (Cart-
er 1969).

FA values, pressures, and combinations of these
parameters were compared for predicting the fate of
the leg. The discriminating values of the different par-
ameters were chosen so as to give the best separation in
the sense of lowest number of false predictions. The
number of false predictions was the number of legs that
healed onthe foot and had a parameter value predicting
major amputation plus the number of legs that under-
went major amputation and had a parameter value pre-
dicting healing.

Treatment and clinical course

Conservative treatment consisted of ulcer dressing and
unloading by special shoes. Osteitis and infections
were promptly treated with antibiotics. Arterial recon-
structions were made in 4 patients.
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Figure 2. Survey of the fate of the legs examined with fluorescein angiography. Nondiabetics in brackets.

Explanation of symbols

Group 1: A Major amputation within one month, ll Minor operation on the foot. Later major amputation, ® Conservatively treated.

Later major amputation.

Group 2: (4 Minor operation on the foot. Healed later than 6 months, @ Conservatively treated. Healed later than 6 months,
0O Minor operation on the foot. Healed within 6 months, O Conservatively treated. Healed within 6 months.
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Amputation of one or more toes or transmetatarsal
amputation was performed in 29 feet. Major amputa-
tions consisted of below-the-knee amputations in 30
legs and above-the-knee amputations in three legs. In-
dications for major amputation were intractable pain
orrapidly progressive gangrene. The rate of major am-
putation was two thirds in the nondiabetics and one
fourth in the diabetics (P < 0.005).

The legs were divided into two groups according to
their fate, e.g., major amputation or not. Further, both
groups were subdivided into subgroups according to
treatment and healing time (Figure 2). There was no
difference in the rate of major amputations between
legs with minor operations on the foot and legs with
conservative treatment.

Analysis of data

Predictive values for major amputation and for healing
were then determined using the following definitions:

Major amputation = the number of legs that under-
went major amputation — and had a parameter value
predicting major amputation — divided by the total
number of legs with a parameter value predicting ma-

Number of legs

10-1

joramputation.

Healing = the number of legs that healed on the foot
—and had a parameter value predicting healing — divid-
ed by the total number of legs with a parameter value
predicting healing.

Analysis of differences in predictive value was per-
formed with the chi-square test for two-by-two contin-
gency tables using Yates’ correction for continuity.

Results

There were only four legs out of 24 with an ankle pres-
sure < 70 mmHg that healed on the foot. On the other
hand, there were eight legs out of 58 with an ankle pres-
sure =70 mmHg that underwent major amputation.
There were seven legs out of 22 with a toe pressure < 20
mmHg that healed on the foot and eight legs out of 51
with a toe pressure 220 mmHg that underwent major
amputation (Figure-3).

The discriminating value for the toe slope was 18
units; only three legs out of 24 with lower values
healed on the foot, and 11 legs out of 65 with higher
values underwent major amputation.
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Figure 3. Type of treatment and fate of 82 legs in relation to ankie pressure (A), of 73 legs in relation to toe pressure (B), of 88 legs in
relation fo toe slope (C), and of 83 legs in relation to pad slope (D). Above the dashed line the symbols represent legs of diabetic pa-
tients and.under it legs of nondiabetic patients. Explanation of symbols in Figure 2.
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Table 1. Predictive values

Predicitve Predictive

valugof  value of
healing major ampu-
fation
Ankle pressure 0.86 0.83
Toe pressure 0.84 0.68
Toe slope 0.83 0.88
Pad stope 0.77 0.81
Ankle pressure + toe slope 0.%1 0.88
Ankle pressure + pad slope 0.87 0.87
Ankle pressure + toe pressure  0.86 0.87

The discriminating value for the pad slope was 26
units; four legs out of 21 with lower values healed on
the foot, and 14 legs out of 62 with higher values under-
went major amputation.

There were no differences between the predictive
values (Table 1).

The predictive values for amputation were 81-88
percent except for the toe pressure, which had a some-
what lower value, 68 percent (NS). The pad slope had a
somewhat lower predictive value for healing, 77 per-
cent (NS), than the other parameters, 83-91 percent.

The ankle pressure in combination with the toe slope
(Figure 4) gave aslightly better (NS) result than all the
other parameters separately or in various combina-
tions. The ankle pressure alone, and in combination
with pad slope or toe pressure, had nearly as high pre-
dictive values. The combination of the toe pressure
with any FA parameter was not better than the FA par-
ameter alone.

Combining ankle pressure with any of the other par-
ameters clearly narrowed the intervals and reduced the
number of patients for whom the prognosis was uncer-
tain.

The maximal fluorescence values and the appear-
ance times for the heel, the foot pad, or the big toe were
not found useful as predictors for healing or amputa-
tion, neither was the heel slope.

The patients with slowly healing ulcers and wounds
had, in general, lower ankle and toe pressures and low-
er FA-slope values than the patients who healed within
6 months.

Discussion

[tis reasonable to assume that the initial increase of flu-
orescence in the skin of the foot reflects the skin capil-
lary blood flow (Perbeck et al. 1985). This would ex-
plain our finding that the FA slopes are useful predic-
tors of wound and ulcer healing or amputation. Tanzer
and Horne (1982) found that early skin fluorescence
can be used to predict healing at the amputation site in
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Figure 4. Relation between ankle pressure and toe slope in 78
legs. Discriminating values are marked by the dashed lines.
Symbols on these lines and outside the square represent legs
for which the combination ankle pressure-toe slope predicted
healing. Five of these legs underwent major amputation. Sym-
bols within the square represent the number of legs for which
major amputation was predicted. Three of these legs healed on
the foot. Explanation of symbols in Figure 2.

80 percent and amputation at a higher level in 43 per-
cent of leg and foot amputations. This is a lower pre-
dictive power than that of FA slopes in the present
study.

Contrary to our findings, MacFarland and Lawrence
(1982) found that skin fluorescence 10 minutes after
injection accurately predicted healing on the foot in 7
out of 9 cases. This late skin fluorescence can be en-
hanced by tissue damage and increased vascular
permeability. It was not a reliable predictor of healing
in our larger material.

Jogestrand and Berglund (1983) found that the ap-
pearance time of fluorescence in the big toe, uncorrect-
ed for central circulation time, was not better than toe
pressure, pulse plethysmography, skin temperature, or
capillary microscopy for evaluating patients with arte-
rial disease of the leg. Appearance time corrected for
ceniral circulation time is amore reliable measure, and
in our material this had only slightly lower predictive
values than did the pad slope.

Two thirds of the foot ulcers healed in our patients.
Holstein and Lassen (1980) reported the same healing
rate, but they excluded legs amputated within 1 month.
After similar exclusion (14 legs), our ulcer healing
fraction was 0.8.
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Holstein and Lassen (1980) claimed that toe pres-
sure was more valuable than ankle pressure for judging
the prognosis. Their claim was based on pressure
measurements immediately after healing or immedi-
ately before major amputation. We calculated the pre-
dictive values for their toe and ankle pressures, meas-
ured when their patients entered the study. For toe
pressure the predictive value for healing then became
0.8 and for major amputation 0.7, and the correspond-
ing figures for ankle pressure were 0.8 and 0.8. These
predictive values are quite similar to those in our mate-
rial, and for toe pressure they were almost the same. A
combination of toe and ankle pressures might be pre-
ferable. However, in one third of our legs only one
pressure could be measured, and in 4 patients no pres-
sures could be measured because of rigid arteries or ul-
cers. In these patients, FA is valuable. We found that
the predictive values for the toe slope were as high as
those for the combination of toe and ankle pressures.
The pad slope might be useful when the big toe is am-
putated or necrotic.
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