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ABSTRACT

The occurrence and degree of peripheral atherosclerosis in 30 male patients
with symptoms of intermittent claudication were studied by arteriography. The
changes observed in the angiograms were codified. In all patients the concen-—
trations of triglycerides and cholesterol were determined in whole serum and
in the three major lipoprotein classes - very low density, low density and
high density lipoproteins. These data were compared with those of a control
material and were also correlated to the codified angiographic findings in
each individual patient.

Positive significant correlation was not found between the arteriographic
changes and the serum concentrations of lipids and lipoproteins, which might
be explained by an advanced stage of the disease where such relationships

might not appear.

INTRODUCTION

An increased incidence of hyperlipidaemia and hyperlipoproteinaemia in
patients with peripheral arterial disease (PVD) has been noted by several
authors (1,4,5,15,16,17,22,24). Most of these reports, however, give quanti-
tative information only about total plasma lipids and since most plasma lipids
are transported in the form of lipoproteims, it is of major importance that
these will be determined. There appear to be no reports in the literature on
the relation between angiographic changes in peripheral arteries and serum
lipoprotein levels. This investigation was therefore undertaken to study the
correlation between atherosclerotic manifestations and the concentrations of
triglycerides and cholesterol in whole serum and in the three major lipopro-
tein classes (very low density /VLDL/, low density /LDL/ and high density
lipoproteins /HDL/). In this connection the recent report (2) that hyper-—
lipoproteinaemic patients with PVD showed regression of the atherosclerotic
changes after treatment with lipid-lowering agents is of interest.

It is always important to measure the atherosclerotic changes objectively.
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Various densitometric and computerized methods have been suggested for this
purpose. These are not very commonly used, however, and are still a matter of
evaluation (11,12). It seems justified at present to assess the arteriograms
by a more simple technique which we have used at our hospital for a long time,
and the same type of gradation has been applied both for peripheral arteries
and for the coronary arteries. In the study reported here we have tried to
make an objective evaluation of the arteriographic changes in the distal aorta,
the pelvic arteries and the arteries in the legs. These changes have been
correlated to the concentrations of triglycerides and cholesterol in whole

serum, VLDL, LDL and HDL.

MATERIAL AND METHODS

Material

Thirty men of ages 39-76 years, with a mean age of 60 years, were investi-
gated. All patients had symptoms of intermittent claudication. They were
hospitalized at the Department of Geriatrics in Uppsala and referred to the
Department of Diagnostic Radiology of the University Hospital in Uppsala.

Five patients were overweight, defined as a weight/height index above 1.10
(weight in kg divided by height in cm -100). None of the patients suffered
from thyroid dysfunction, diabetes, obstructive liver disease or nephrotic

syndrome and none was being treated with any B-blocking or lipid-lowering agent.

Methods
Laboratory chemical methods
Blood was sampled in the morning after an overnight fast on the day of

admission to hospital, in order to eliminate any effect of hospital diet.

Lipid-lipoprotein analysis

The ultracentrifugal lipoprotein separation was performed as described by
Carlson (10). Whole serum as well as isolated lipoprotein fractions were
extracted manually with isopropanol. Cholesterol and triglyceride concentra-
tions were then determined by automated techniques, using an Autoanalyser
Model 2 (Technicon Corporation) (21). The cholesterol values obtained with this
method agreed well with those obtained by the Sperry-Webb method. The trigly-
ceride values for whole serum were about 0.2 mmol/l higher than those reported

by Carlson (7).
Reference group

Control subjects for lipoprotein comparisons (n = 61) have been described

previously (8).
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Radiological methods

All patients underwent peripheral arteriography with use of the Seldinger
technique. A catheter was introduced into the femoral artery under local
anaesthesia, its tip being placed in the distal aorta just above the bifurca-
tion.

The investigation comprised the distal aorta and the arteries on the right
and left side, including the distal part of the lower leg. In most patients
special oblique projections were also used with regard to the deep femoral
artery.

An automatic film changer (AOT, Siemens Elema, Solna, Sweden) was used,
The film frequency was 1 exposure/s. The contrast medium was injected with
a Sisal 2 pressure syringe (Siemens Elema, Solna, Sweden). In all investiga-
tions Angiografin (Schering AG, W.Germany) was used, in an amount of 30 ml
which was injected at 15 ml/s. The film-focus distance was 100 cm.

The angiograms were analysed by a standardized method. The diameter of the

superficial femoral artery was measured at the level of the lesser trochanter
and 20, 10 and 0 cm above the knee joint. For measurement of the diameters a
magnifying glass with an inbuilt scale and with an accuracy of 0.l mm was used.
The greatest and the smallest diameters were also noted in the different sec-
tions of the arteries. The changes in the different regions of the arteries
from the aorta to the arteries of the distal lower leg were codified according
to the following system. No changes = 0; diameter reduced by not more than

50% = 1; diameter reduced by more than 50% = 2; reduction of the diameter by
more than 507 in several places in the arterial region = 3; and total occlu-
sion = 4 (13).

The development of collaterals was also graded, using a 3-grade scale:

—
1

a very small number of collaterals, 2 = a moderately large number and

(98]
]

a large number.

The length of any total arterial occlusion was measured. The following
arteries in addition to the aorta were studied: The common, internal and
external iliac arteries, deep and superficial femoral arteries, popliteal
artery, anterior and posterior tibial arteries and the fibular artery, i.e.
nine different arterial regions. Thus the maximum sum of codes was 36.

Statistical analysis was performed as described by Snedecor (23).

RESULTS
The results of the radiographic analysis by means of the code system are
presented in the form of histograms in Fig. 1. The lengths of the occlusions
are shown in Fig. 2. Surprisingly long occlusions, up to 56 cm, were observed.

Occlusions as short as 3 cm were also found. In most cases a large number of
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collaterals had developed (Fig. 3), indicating that the occlusions were of
long duration. In Fig. 4 the diameters at different levels of the superficial
femoral artery and the popliteal artery are given. It is seen that the dia-
meters were clearly reduced at all levels. Total occlusions were most common
in the superficial femoral artery and were relatively few in the arteries of
the lower leg.

The lipid analysis showed that 70% of the patients with PVD had a normal
lipoprotein pattern according to the system modified by Fredricksom (3).

Seven per cent had type IV, 207 type II A and 3% type III A. The cholesterol
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Fig. 3. The three classes of collaterals:
1 = a small number, 2 = a moderate number
and 3 = abundent collaterals.
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concentration in the HDL fraction was significantly lower in patients with

PVD than in the controls (Table 1).

Table 1. The concentrations of triglycerides (TG mmol/l) and cholesterol {chol
mmol/1) in total serum and in the three lipoprotein classes VLDL, LDL and HDL
(mean + SEM) in control subjects and in patients with peripheral atherosclero-
sis. xxx indicates a statistically significant difference (p < 0.001).

Total VLDL LDL HDL
TG CHOL TG CHOL TG CHOL TG CHOL
Controls
N = 61 1.76  6.45  0.95  0.49 0.52  4.28  0.24 1,39
+.08  +.15  +.07  +.05 +.02  +.13  +.01  +.05
PVD
N =30 2.35 6.68 1.55  0.80 0.58 4.46  0.23 1,08
+.38 +.26 +.41 +.23 +.02  +.21 +.01 +.05
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The results of correlation analysis of the angiographic code for the right
+ left limb versus the mean triglyceride and cholesterol concentrations in
total serum and in the three lipoprotein classes (VLDL, LDL, HDL) in the 30

patients with PVD are presented in Table 2.

Table 2. Correlation coefficients (r-values) of the scoring code (the sum of
the codes from the right and left legs) versus the mean triglyceride (TG) and
cholesterol (Chol) concentrations in total serum and in the three lipoprotein
classes VLDL, LDL and HDL in the patients with peripheral atherosclerosis.

x indicates a statistically significant correlation (p < 0.05).

Total VLDL LDL HDL
TG CHOL TG CHOL TG CHOL TG CHOL

-, 23 -.43% -.22 -.27 -.05 -.18 -.22 -.07

There was a slight significant negative correlation between total choleste-
rol and the code symbolizing the atherosclerotic changes. This was due, how-

ever, to the patient with a type III pattern of lipoprotein abnormality.

DISCUSSON

Arteriographic changes in the lower extremity have been described earlier
by Lohr and collaborators (18). They found that both early atherosclerosis in
younger patients and atherosclerosis in elderly people were most common in
the superficial femoral artery but were also present in the anterior and
posterior tibular arteries and in the fibular artery. They did not, however,
examine the relation between blood lipoproteins and atherosclerotic changes as
on arteriograms. But they did report that among the patients with early athero—
sclerosis there was a high frequency of smokers, and that about 257 of the
patients had diabetes mellitus. Their angiographic results are in accordance
with ours.

When evaluating our results it must be kept in mind that arteriographic
findings are always difficult to assess objectively. We have tried to avoid
subjective judgement as far as possible. But codifying in itself involves an
element of subjective evaluation. Nevertheless we have found this method use-
fut. The arterial diameters at the different standardized points are more
reliable and the error of the method is 0.1 mm (14). These measurement points,
however, cannot always be identical with the maximal and minimal diameters, so
we have also included these diameters to better characterize the arterial
changes. We have also included the length of the occlusion and have tried to

assess the number of collaterals. All this together should increase the value
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of the classification of the arterial changes, that is the degree of periphe-
ral vascular disease in the legs.

The angiographic technique is also important. A sufficiently large dose of
contrast medium and a sufficiently long series of exposures, with a large num-—
ber of films, must be used to be sure that all parts of an artery are visua-
lized. This is important as otherwise the number of collaterals may be under-
estimated and the length of a total arterial occlusion overestimated (19).
This is especially true when an arterial region is filled in the retrograde
direction via the collaterals. If the investigation time is too short an
occlusion may be judged longer than it is in reality. We have tried in our
investigations to avoid this and for this reason have avoided a so called
stepwise technique, which means that the patient is automatically moved to-
gether with the table in relation to the X-ray tube, so that the same amount
of contrast medium can be used almost throughout the whole series of investi-
gation. This technique is very unreliable and is unsuitable for a study such
as the present one. It should not be used in any preoperative investigation.

Values are not available for normal arterial diameters at different levels.
But a comparison may be made with a material mostly of men reported by Erikson
(14). This comprised a study of traumatic amputees in which the amputation
stump and the healthy, intact leg were compared. From these arteriograms it is
obvious that in our 30 patients with atherosclerotic disease the arterial dia-
meters were greatly reduced. The degree of magnification was the same in the
two materials. It seems that our arteriographic method is fairly objective
and will describe the atherosclerotic changes fairly well. It thus seems
justified to use this method for examining the relation between atherosclero-
sis and blood lipoprotein concentrations, even though a densitometric techni-
que is probably superior.

It was a surprising finding that there was a very slight significant nega-
tive correlation between total cholesterol and the atherosclerotic changes.
However, the arteriographies in our material obviously revealed all the typi-
cal signs of atherosclerosis, namely diametric reduction, occlusion and col-
laterals. The cholesterol concentration in the HDL fraction was significantly
lower in our material than in the controls. This phenomenon has also been
observed in survivors of myocardial infarction (8, 9). The role of a low con-
centration of HDL cholesterol in the development of atherosclerotic manifesta-
tions is not known. It is of interest, however, since HDL may transport
cholesterol out of tissues (20), even from the arterial wall (6).

OQur correlation data do not exclude the possibility of a causal relation-—
ship between abnormalities in lipoprotein metabolism and atherosclerotic

changes, as the stage of the disease in the individual patient was not known.
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In view of the regression of early femoral atherosclerosis observed in hyper-
lipoproteinemic patients after treatment with lipid-lowering agents (2), our
patients might bave been in a fairly advanced stage of the disease, where

correlations between lipoproteins and atherosclerotic manifestations do not

necessarily appear.

REFERENCES

1. Ballantyne, E. & Lawrie, T.D.V.: liyperlipoproteiraemia and peripheral

2.

vascular disease. Clin Chim Acta 47:269-277, 1973.

Barndt, R., Blankenhorn,, D.H., Crawford, D.W. & Brooks, S.H.: Regression
and progression of early femoral atherosclerosis in treated hyperlipopro-—
teinemic patients. Ann Intern Med 86: 139-146, 1977.

Beaumont, J.-L., Carlson, L.A., Cooper, G.R., Fejfar, Z., Fredrickson,D.S.
& Strasser, T.: Classification of hyperlipidaemias and hyperlipoproteinae—
mias.WHO Bull 43: 891, 1970.

. Beyrer, K., May, R. & Sailer, S.: Blutlipide und Glukosetoleranz bei 100

Patienten mit arteriosklerotischem Verschluss an dem unterem Extremititen.
Wien Klin Wochenschr 80:392-394, 1968,

. Bliss, B.P., Kirk, C.J.C. & Newall, R.G.: Abnoralities in glucose toler-

ance, lipid and lipoprotein levels in patients with atherosclerotic peri-
pheral arterial disease. Angiology 23:69-75, 1972.

Bondjers, G. & Bj®rkerud, S.: Cholesterol elimination in vitro from normal
and atherosclerotic arterial tissue. Eur J Clin Invest 4:368, 1974.

. Carlson, L.A.: Determination of serum triglycerides. J Atheroscler Res 3:

10.

11.

12,

13.

14

15

16

17.

18.

334-336, 1963.

Carlsson, L.A. & Ericsson, HM.: Quantitative and qualitative serum lipo-

protein analysis. Part 1. Studies in hezlthy men and women. Atherosclero-

sis. 21:417-433, 1975.

Carlson, L.A. & Ericsson, M.: Quatitative and qualitative serum lipopro-

tein analysis. Part 2. Studies in male survivors of myocardial infarction.

Atherosclerosis 21:435-450, 1975.

%gr%son, K,: Lipoprotein fractionation. J Clin Pathol, Suppl 5: 26: 32-37,
73.

Crawford, D.W., Brooks, S.H., Selzer, R.H., Barndt, R., Beckenbach, E.S.

& Blankenhorn, D.H.: Computer densitemetry for angiographic assessment of

arterial cholesterol content and gross pathology in human atherosclerosis.

J Lab Clin Med 89:378-392, 1977.

Crawford, D.W., Brooks, S.H.,Barndt, R.& Blankenhorn, D.H.: Measurement of

dtheresclerotic luminal irre%ularit and obstruction by radiographic
densitometry. Invest Radiol 12:307-313,1977.

Delius, W. & Erikson, U.: Correlation between angiographic and hemodynamic
findings in occlutions of arteries of the extremities. Vasc Surg 3:201-210,
1969.

Erikson, U.: Cirtulation in traumatic amputation stumps. An anglographical
and physiological investigation. Acta Radiol Suppl 238, 1965.

Greenhalgh, R.M., Rosengarten, D.S., Mervart, I., Lewis, S., Galnan, J.S. &
Martin, P.: Serumlipids and lipoproteins in peripheral vascular disease.
Lancet (II) 947-950,1971.

Kremer,G.J., Niemczyk, H., Poeplau, W. & Nicolescu, R.F.: Hyperlipopro-
teindmien bei peripheren artertellen Verschlusskrankheiten. Munch Med
Wochenschr 115:662, 1973,

Leren,P. & Haabrekke, 0.:Blood lipids in patients with atherosclerosis
obliterans of the lower limbs. Acta Med Scand 189:.511, 1971 b.

Lohr, E. & Schulte-Herbruggen, G.: Angiographische Befunde der Arterio-
sklerose uynter Berucksichtigung der Frilhsklerose. Fortschr Geb Roentgenstr

Ruklearmed 112:39-48,1971.

103



19. Madejski, T. & Tobik,S.: Arteriographic errors in occlusive diseases of
lower limbs. Surgery 55:210-213, 1964.

26. Norum, K.R., Glomset, J.A. & Gjone, E.: Familial lecithin-cholesterol
acyl transferase dEfiCi@n . In The Metabollc Basis_of Inh r1ted Disease
(ed. J.B.Strandbury, J.B. Wgngaafden & D.S.Fredricson) p. % McGraw-
Hill, New York, 1972.

21. Rush, R.L., Leon, L. & Turrel, J.: Automated 51mu1taneous cholestergl and
ffigzycerlde deteminations on the Auto analyser R11 instrument. Advances i
Automated Analysis, Thurman Ass. 1:503, 1971.

22. Skrede, S. & Kvarnstein, B.: Hyperlipidemia in peripheral atherosclerotic
arterial disease. Acta Chir Scand 141:333-340, 1973.

23. Snedecor, G.S.: Statistical methods. The Iowa State Univ Press. Iowa,U.S.A.
1961.

24. Wollenweber, J., Doenecke, P., Greten, H., Hild, R., Nobbe, F., Schmidt,
F.H. & Wagner, E.: Zur Hiufigkeit von Hyperlipiddmi, Hyperurikdmi, Diabetes
mellitus, Hypertoni und Ubergewicht bei arterieller Verschlusskrankheit.
Dtseh Med Wochenschr 96:103-107, 1971.

Accepted January 20, 1979.

Address for reprints:

Uno Erikson, M.D.

Department of Diagnostic Radiolony.
Universoty Hospital

5-750 14 Uppsala

Sweden

104



