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SUMMARY

Ninety subjects with emodynamically significant atherosclerotic disease of the lower limbs
were examined. They had no history of diabetes mellitus or hypertension. Each subject underwent
a color Doppler ultrasonographic study of the common iliac, superficial femoral, and popliteal
arteries. In each arterial segment, diameter and blood flow velocity were measured. In evaluating
the hemodynamic significance of the stenoses, we used the Windsor method. In a comparison of
the calibers of the arteries significant relationship emerged in each given subject in two sexes.

Males: a statistically significant difference was found only in the iliac artery, in which the
calibre and Windsor indices were greater in the right as compared to the left; right: 1) There was a
statistically significant relationship between mean caliber and Windsor indices, (p <0.01); 2) there
was a statistically significant correlation between mean calibre and age (p<0.05); Left: 1) There
was a statistically significant correlation between mean calibre and Windsor indices calculated at
the levels of both the posterior tibialis (p < 0.05) and dorsalis pedis arteries (p<0.01); 2) there was
a statistically significant correlation between mean calibre and age (p<0.05).

Females: Student’s t test for paired samples of the three arteries did not reveal a statistically
significant predominance of one side over the other. With respect to the coefficients of correlation
between mean calibre and Windsor indices, the results were as follows. Right: 1) There was a
statistically significant correlation between mean calibre and Windsor indices calculated at the
levels of both the posterior tibialis and dorsalis pedis arteries (p<0.01); 2) there was a statistically
significant correlation between age and mean calibre (p<0.05); Left: 1) There was a statistically
significant correlation between mean calibre and Windsor indices calculated at the levels of both
the posterior tibialis (p<0.05) and dorsalis pedis arteries (p<0.01); 2) there was a statistically
significant correlation between mean calibre and age (p<0.05).
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INTRODUCTION

In assessing stenotic arterial lesions, the qualitative data that derive from the
various methods are more or less precise in delineating the pathological reality and,
moreover, are influenced by the sensitivity of the instruments used (Macchi, 1985;
Pizzetti et al., 1992). On the other hand, quantitative assesments (Kassam et al.,
1985) are limited to either approximate (slightly, moderately, significantly, or
completely occluded) or precise (in terms of percentages) descriptions of the sten-
oses (Franceschi, 1980; von Reutern ef @/, 1992). In the supraaortic trunk, a
rigorous quantitation ot the hemodynamic significance of a stenosis, which is
instead assessed by the area of the residual lumen and doppler velocimetric findings
(Berguer, 1974; Brown, 1982; Macchi et al., 1993), is not possible. In the lower
limbs, in contrast, the hemodynamic significance of a stenosis can be assessed
unambiguously and reproduciblely by pressure measurements. Clinically, the irregu-
larity, friability, and degree of ulceration of the atherosclerotic lesion undoubtedly
have a determinant role in the evolution of ischemic events (Moore et a/., 1968;
Edwards et al., 1979; Bartynski et al., 1981; Ammar ef al., 1984; Macchi et al.,
1991). However, the hemodynamic significance of the stenosis is indisputable,
inasmuch as it is associated not only with a reduction of distal perfusion, but with
greater injury to the stenotic lesion secondary to the increased velocity and turbu-
lence (Langlois et al., 1983; Ku et al., 1985). The aim of our study is to compare the
otiginal arterial calibre with the clinical complications of atherosclerosis by a
hemodynamic assessment of the pathology of arteries of the lower limbs. In other
words, we propose to establish whether, for the lower limbs as for the supraaortic
trunks, the original arterial calibre can be considered a risk factor for the complica-
tions of atherosclerosis (Macchi et al., 1993).

PATIENTS AND METHODS

Ninety subjects (45 men, age range: 65 to 90; 45 women, age range: 64 to 90)
were examined. They had hemodynamically significant atherosclerotic disease of
the lower limbs at rest. The subjects were selected from among patients who had
presented with intermittent claudication. They had no history of diabetes mellitus
ot hypertension. The age, weight, and height of each patient were recorded. Each
subject underwent a color Doppler ultrasonographic study of the common iliac,
superficial femoral, and popliteal arteries. In each arterial segment, the following
parameters were measured: diameter (2 direct measurements and an indirect mea-
surement extrapolated from the circumference of each artery, to tenths of milli-
meters) and blood flow velocity (pulsed doppler module with spectral analysis). In
evaluating the hemodynamic significance of the stenoses, we measured the arterial
pressure using the Windsor method in the posterior tibialis and dorsalis pedis
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arteries. The Doppler probe was placed over a reference point of the artery, in the
case of the posterior tibialis artery just above the ankle, and its maximal pressure
was measured proximally using a sphigmomanometer. This value was then divided
by the brachial pressure, which was measured using the same method. Normally, the
index is = 1 or > 1. We used and Acusun 128 XP color doppler ultrasonography
apparatus. All values and patients are expressed in Tab. 1.

TABLE 1 - Legend: P. = patients; Il A. = common iliac arteries; Fem A. = superficial femoral
arteries; Pop A. = politeal arteries; WIM = malleolar Windsor index; WI D = Dorsal Pedis Windsor
index; A = age; W = weight; H = beight; R = ribt; L = left. All values are mm.
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RESULTS

In a comparison of the calibre of the common iliac, superficial femoral, and
popliteal arteries, a significant relationship emerged in each given subject (Fig. 14
and 1B), both in the men and in the women. With respect to the remaining
parameters, separate analyses of the two sexes yields greater clarity. Males: Age
ranged from 65 to 90 years, weight from 52 to 103 kg, and height from 153 to 186
cm. The mean arterial calibre are presented in Tab. 4. The Student t test was
applied to paired samples for the iliac, femoral, and popliteal arteries to evaluate
whether thete was a statistically significant difference between the calibre of the
arteries of the right side with respect to the left. A statistically significant difference
was found only in the iliac artery, in which the calibre and Windsor indices were
greater in the right as compared to the left (see averages of the 3 arteries). The
results were as follows. Right: 1) There was a statistically significant relationship
between mean calibre and Windsor indices, calculated in both posterior tibialis and
dorsalis pedis arteries (p<0.01; Tab. 3, A-C); 2) there was a statistically significant
correlation between mean calibre and age (p<0.05; tab. 3E); and 3) there was no
correlation between mean calibre and weight (p=ns) or between mean calibre and

Fig. 1A — Relationship among the calibres of the common iliac, superficial femoral and popliteal
arteries in Males.
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Fig. 1B — Relationship among the calibres of the common iliac, superficial femoral and popliteal
arteries in Females.

height (p=ns). Left: 1) There was a statistically significant correlation between
mean calibre and Windsor indices calculated at the levels of both the posterior
tibialis (p<0.05; Tab. 3B) and dorsalis pedis arteries (p<0.01; Tab. 3D; 2) there
was a statistically significant correlation between mean caliber and age (p<0.05;
Tab. 3F); and 3) there was no statistically significant correlation between mean
caliber and body weight (p=ns) or between mean caliber and height (p=ns).
Females: Age ranged from 64 to 89 years, weight from 49 to 90 kg, and height from
153 to 166 cm. The mean calibers of the three arteries are presented in Table 4. The
Student’s t test for paired samples of the three arteries did not reveal a statistically
significant predominance of one side over the other (se Tab. 5). With respect to the
coefficients of correlation between mean caliber and Windsor indices, the results
were as follows. Right: 1) There was a statistically significant correlation between
mean caliber and Windsor indices calculated at the levels of both the posterior
tibialis and dorsalis pedis arteries (p<0.01 Tab. 2, A-C); 2) there was a statistically
significant correlation between age and mean calibre (p<0.05; Tsb. 2E); and 3)
there was no correlation between mean calibre and weight (p = ns) or between mean
calibre and height (p=ns). Left: 1) There was a statistically significant correlation
between mean calibre and Windsor indices calculated at the levels of both the




224 C. Macchi et alii

TABLE 2 - Females. Right Side. Relationship between mean calibre (of iliac, femoral and popliteal
arteries) and: A: malleolar Windsor index; C: dorsal pedis Windsor index; E: age. Left Side. Relationship
between mean calibre (of iliac, femoral and popliteal arteries) and: B: malleolar Windsor index; D:
dorsal pedis Windsor index; F: age.
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TABLE 3 - Males. Right Side. Relationship between mean calibre (of iliac, femoral and popliteal
arteries) and: A: malleolar Windsor index; C: dorsal pedis Windsor index; E: age. Left Side. Relationship
between mean calibre (of iliac, femoral and popliteal arteries) and: B: malleolar Windsor index; D:
dorsal pedis Windsor index; F: age.
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TABLE 4 - All values are mm. = S.D.

Arterial Calibre Males Females
Right Left Right Left
Commoen lliac Artery 859+0.73 [851:073 18.15+:054 |8.10s055
Femoral Artery 5482045 1542:048 |5.21:040 [5.20:045
Popliteal Anery 521:+044 1[516:046 |502+040 |5.01:043

TABLE 5 - Relationship between two sides.

Arteries Males Females
t Y4 t Y4
Common lliac Artery 2.68 <0,05 1.64 ns
'Femoral Arntery 1.83 ns 0.27 ns
Popliteal Artery 2.00 ns 0.19 ns

posterior tibialis (p <0.05; Tab. 2B) and dorsalis pedis arteries (p<0.01; Tab. 2Dy,
2) there was a statistically significant correlation between mean calibre and age
(p<0.05; Tab. 2F); and 3) there was no statistically significant correlation between
mean caliber and weight (p=ns) or between mean calibre and height (p = ns).

DISCUSSION AND CONCLUSIONS

It is only logical that higher degrees of arterial stenosis correspond with a
larger hemodynamic workload (Brice, 1964; Flanagan, 1977; Blackshear ez al.,
1980; Franceschi 1980; Macchi, 1985) and that a large hemodynamic force at the
level of the stenosis is associated with symptomatology and greater clinical complica-
tions (Baker et al., 1978; Fronek et al., 1978; Franceschi, 1980). However, in our
opinion, the relationship between the original arterial caliber and the hemodynamic
significance of the stenosis is also extremely interesting. As in the carotid bed, in
which there is a significant relationship. among arterial calibre, residual lumen in the
stenotic artery, and original arterial caliber, the situation is analogous in the
peripheral bed also in terms of symptomaticity and the frequency and significance
of neurological events (Macchi et al., 1993). it appears that, given equal degrees of
stenosis, subjects with smaller vessel lumens are subject to greater clinical and
hemodynamic complications in both beds. At the carotid level, the symptomaticity
and frequency of neurological events indirectly reflect the significance of the
pathology. At the peripheral level, measurements of the arterial pressures in the
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posterior tibialis and dorsalis pedis arteries provide an immediate, non-invasive,
reproducible, and quantifiable hemodynamic parameter. In this study also, the
dimensional homogeneity of the arterial vessels confirms that there is a consistent
relationship between the various segments of the circulatory tree (Fazzari 1929,
Macchi et al., 1993) in a given subject. Furthermore, it suggests that the size of the
arterial lumen is inversely related to the occurrence of occlusive events as a
consequence of atherosclerotic disease. Fundamentally, the clinical significance of
these findings may be summarized by two considerations. First, as in the carotid
bed, in the assessment of peripheral vascular disorders, defining the degree of
stenosis in an artery involved by an arteriosclerotic process is absolutely inadequate
without also defining the residual lumen. Second, in the peripheral bed, it is
impossible to prognosticate cotrectly or to institute therapy without measuring
pressure. Patients with smaller arteries are at higher risk from atherosclerosis and
therefore require greater attention and observation.

Arrived 15/9/94. Accepted 20/10/94.
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