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CLINICAL RESEARCH

Relation of angiographically defined coronary artery
disease to plasma lipoprotein subfractions and
apolipoproteins

N E MILLER, F HAMMETT, S SALTISSI, S RAO, H VAN ZELLER, J COLTART, B LEWIS

Abstract

The relation of coronary artery disease to plasma
lipoproteins was examined in 104 men aged 35-65 years
undergoing coronary angiography for suspected myo-
cardial ischaemia. A score reflecting the number, degree,
and length of stenoses in seven major coronary arteries
was assigned to each angiogram. Lipid concentrations
in lipoprotein subfractions were measured after pre-
parative ultracentrifugation; plasma apolipoprotein con-
centrations were measured by electroimmunoassay.
Men with high coronary scores tended to have lower

plasma high-density lipoprotein (HDL) cholesterol
concentrations and higher low-density lipoprotein
(density 1 019-1-063 g/ml) cholesterol concentrations than
subjects of similar age with low coronary scores (p0 1).
The strongest relation, however, was with the cholesterol
concentration in the HDL2 subfraction (density 1-063-
1-125 g/ml) of HDL, which averaged 44% lower in the
severely affected patients (p <0 005). No associations
were found between the coronary score and HDL3
cholesterol, the cholesterol content of lipoproteins of
density <1-019 g/ml, plasma triglyceride, or the con-
centrations of apolipoproteins AI, AU, and E.
The high coronary scores associated with low HDL2
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concentrations reflected an increase in the number of
both partial and complete stenoses distributed through-
out the coronary tree. In contrast the sizes of the lesions
and the proportion producing complete occlusion were
unrelated to HDL,.

Introduction

Epidemiological studies have established that the prevalence
and incidence of clinical ischaemic heart disease in Western
communities are correlated positively with the plasma low-
density lipoprotein (LDL) concentration and negatively with
the high-density lipoprotein (HDL) cholesterol concentration.'-5
Angiographic studies have shown that the severity of coronary
artery disease also increases with increasing LDL concentration
and with decreasing HDL concentration.6 ' Both of these
classes of plasma lipoproteins are heterogeneous. LDL, as
originally defined, is composed of two major subfractions,
LDL, (or intermediate-density lipoprotein) and LDL2, the
first subfraction having the lower density and the higher ratio
of triglyceride to cholesterol.9 HDL is also composed of two
major subfractions, HDL2 and HDL3; HDL2 is the minor
subfraction but has the greater ratio of cholesterol to protein.9
Metabolic studies indicate that LDL2 is normally derived from
the catabolism of LDL,10; HDL2 may be produced by the
fusion of HDL3 with the surface remnants of triglyceride-rich
lipoproteins.11
There are no published data on the relation of angiographically

defined coronary artery disease to LDL and HDL subclasses.
Such information could be of value in two ways. Firstly,
identifying correlations of greater strength than those already
recognised might improve our ability to assess the risk of
ischaemic heart disease in individual subjects. Secondly, and
more important, it might help to clarify the nature of the link
between lipoprotein metabolism and atherogenesis. We have
therefore measured the plasma concentrations of lipoprotein
subfractions in patients undergoing coronary angiography. We
also examined the relation of coronary disease to several
apolipoproteins.
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Subjects and methods

The subjects were 104 men aged 35-65 years admitted to St
Thomas's Hospital for coronary angiography for suspected ischaemic
heart disease. Consecutive patients were studied, with the exception
that those taking lipid-lowering agents or with valvular disease or a

history of diabetes mellitus or coronary artery surgery were excluded.
Several other patients were omitted because the recovery of plasma
cholesterol during lipoprotein fractionation was less than 95%.
Plasma cholesterol and triglyceride concentrations were in the
ranges 4-0-8-0 mmol/l (154-309 mg/100 ml) and 0-8-3-5 mmol/l
(71-310 mg/100 ml), respectively.

ANGIOGRAPHY

Coronary angiography was performed after passage of a Judkins
pigtail catheter via the right femoral artery. The overall severity of
disease was evaluated by assigning to the angiogram a score reflecting
the number, degree, and length of stenoses in seven major vessels
(right, posterior descending, left main, left anterior descending,
circumflex, and the two obtuse marginal arteries). Each stenosis
identified was given one score for the degree of narrowing (< 24%, 1;
25-49%, 2; 50-74%, 3; 75-99%, 4) and another for its length (< 5 mm,
1; 5-10 mm, 2; >10 mm, 3). When an artery was completely oc-

cluded a score of 5 or 6 was given, the score of 5 being assigned when
there was visible blood flow distal to the obstruction via collaterals.
The sum of scores for all stenoses was then termed the coronary
score; values ranged from 0 to 48.

PLASMA LIPOPROTEINS

Blood was collected after a 14-hour ovemight fast into disodium
EDTA (2-7 mmol/l; 1 mg/ml). A 5 ml aliquot of plasma was adjusted
to a density of 1-019 g/ml with aqueous NaCl-NaBr, centrifuged at
105 000 g for 20 hours at 14°C, and the supematant containing very-
low-density lipoproteins (VLDL; density < 1-006 g/ml) and LDL,
(density 1-006-1-019 g/ml) isolated by tube slicing.12 The LDL2
(density 1-019-1-063 g/ml) in the infranatant was precipitated with
heparin and MnCl2 (final concentrations 205 U/ml, 92 mmol/1).13
The supernatant (containing HDL) was then adjusted to a density
of 1-125 g/ml with NaBr, centrifuged at 105 000 g for 40 hours, and
the new supernatant (containing HDL2; density 1-063-1-125 g/ml)
isolated by tube slicing. The cholesterol concentrations in whole
plasma, HDL, HDL2, and lipoproteins of density <1-019 g/ml
were measured directly by enzymatic procedures (Boehringer-
Mannheim, Catalogue No 187 313); HDL, cholesterol (density
1-125-1-21 g/ml) and LDL2 cholesterol were calculated by difference.
Triglyceride in whole plasma and lipoproteins of density < 1-019 g/
ml were measured enzymatically (Boehringer-Mannheim, Catalogue
No 166 448). The ratio of cholesterol to triglyceride in lipoproteins
of density < 1-019 g/ml was used as an index of LDLl concentration.9
The plasma concentrations of the major protein components of

HDL, apolipoproteins AI and AII, were assayed by rocket immuno-
electrophoresis against rabbit antiserum to purified human apolipo-
proteins14; apolipoprotein E, a component of VLDL, LDL,, and

HDL, was also measured."4 Standard curves were constructed using
serial dilutions of plasma pools of known apolipoprotein content.
The angiographic and lipoprotein measurements were made by

different investigators, neither of whom knew the results of the other.
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TABLE I-Ages, weights, blood pressures, plasma lipoprotein lipid concentrations,
and apolipoprotein concentrations in three groups of patients with differing
degrees of coronary artery disease. Figures are means±SEM

Group 1 Group 2 Group 3
(n = 21) (n = 63) (n = 20)

Age (years) 49 90±2-00 49-60 ±1-20 49 90 ±1-90
Weight (kg) 77-30 ±2-50 78-60 ±1 -30 78-70 ±2-90
Systolic blood pressure (mm Hg) 130-00±4 40 129-00±2-60 128-00±4-30
Plasma triglyceride (mmol/1) 1-88 ±0-16 2-01 t0-10 1-82 ±0-20
Cholesterol of density < 1-019 g/ml

(mmol/l) 1-01 +012 1-18 ±0-08 1-08±0-13
LDL, cholesterol (mmol/l) 3-00±0-24 3 50±0-11 3-45±0-20
Total HDL cholesterol (mmol/l) 1-29 10-08 1-24 d-0-05 1-11 +0-07
HDL, cholesterol (mmol/l) 0-27 ±0-03 0-23 ±0-02 0-15 ±0-02
HDL, cholesterol (mmol/l) 1-02 ±0-09 1-00±0-05 0-95 ±0-10
Cholesterol:triglyceride in density
< 1-019 g/ml 1-08 ±0 09 1-08 ±0-06 1-07±0-14

Apolipoprotein Al 108-00±19-00 123-00 ±4-90 110-00±9-00
Apolipoprotein AII 38-00 ±3-30 39-00±2-20 41-00±4-30
Apolipoprotein E 5 20±0 18 4-90 ±0-08 4-90±0-13

Student's t test (two-tailed)-Group 1 v group 3: HDL, cholesterol, p= 0-005;
total HDL cholesterol, p =0-09; LDL, cholesterol, p= 0-14. Group 1 v group 2:
LDL, cholesterol, p = 0 04. Group 2 v group 3: HDL, cholesterol, p = 0-01. Other
differences may have occurred by chance (p > 0-20).

Conversion: SI to traditional units-Triglyceride: 1 mmol/l 88-5 mg/100ml.
Cholesterol: 1 mmol/1z 38-6 mg/100 ml.

cholesterol concentration in group 1 than in group 2 (p = 0-04).
Patients in group 1 also tended to have higher total HDL cholesterol
concentrations and lower LDL2 cholesterol concentrations than those
in group 3, but these associations were not as strong (p 0- 1).
Comparison of groups 1 and 3 by the non-parametric Mann-

Whitney U test gave similar results to those obtained with the
t test: HDL2 cholesterol, p < 0-002; total HDL cholesterol, p 1 0-05;
LDL2 cholesterol, p 0-10.
Of several lipoprotein combinations examined, the best discriminator

between subjects with severe disease and those with minimal disease
was the ratio of HDL2 cholesterol to LDL2 cholesterol (table II).
In the pooled data the correlation coefficient between the HDL2 :LDL2
ratio and coronary score was - 0-23 (p < 0-02).

TABLE 1I-Lipoprotein cholesterol ratios in patients with differing degrees of
coronary artery disease. Figures are means±SEM

Group 1 Group 2 Group 3
(n= 21) (n = 63) (n= 20)

HDL cholesterol:LDL, cholesterol 0-472 ±0-051 0-401 ±0-035 0-347±0-042
HDL, cholesterol:HDL, cholesterol 0-348±0-072 0-278±0-021 0-170±0-021
HDL, cholesterol:LDL2 cholesterol 0-106±0-017 0-078±0-007 0-044±0-004

Student's t test (two-tailed)--Group 1 v group 3: HDL :LDL,, p = 0-069;
HDL,:HDL,, p = 0-035; HDL,:LDL,, p = 0-0024.

The association between HDL2 and coronary disease was explored
further by comparing patients in the top and bottom fifths of values
for HDL2 cholesterol concentration with respect to the number,
nature, and distribution of stenoses. Table III gives the results.
Patients with low HDL2 concentrations had a much greater number
of stenoses (by 2-4-fold; p < 0-002). The additional lesions were
widely distributed, increasing the number of affected arteries per

TABLE iII-Number, nature, and distribution of coronary artery stenoses in

Results patients in top and bottom fifths of values for HDL, cholesterol concentration

The relation of coronary disease to the different measurements was

examined by dividing the subjects into three groups based on the

coronary scores: group 1 were those in the bottom fifth of scores

(range 0-10; n= 21), group 2 those in the middle three-fifths (n= 63),
and group 3 those in the top fifth (range 31-48; n=20). There were

no significant differences betweet -these groups in the usage of

adrenergic beta-blocking agents, which are known to influence

plasma lipoproteins.15
Table I gives the ages, body weights, systolic blood pressures, and

plasma lipoprotein lipid and apolipoprotein concentrations in the

three groups. Analysis by t test (two-tailed) showed that subjects
with severe disease (group 3) had significantly lower concentrations

of HDL2 cholesterol than subjects in group 2 (p = 0-01) and group 1

(p=0-005). The only other significant difference was a lower LDL2

Bottom Top
fifth fifth p*

(n = 20) (n = 19)
Mean HDL, cholesterol (mmol/1) 0-13 0-38
Mean coronary score 28-3 10-8 <0-002
No of patients with disease 20 13 <0-01
No of patients with a complete occlusiont 13 5 <0-02
No of diseased arteries per patient (mean)$ 4-2 2-3 < 0-01
Total No of stenoses per patient (mean) 5-7 2-4 <0-002
Percentage of stenoses producing complete occlusion 14-0 11-0 NS
Partial stenoses (mean scores):

Length 1-79 1-98 NS
Degree of narrowing 2-91 2-32 NS

*Probability values obtained with Mann-Whitney U test and x' test. NS=p >0- 10.
tOnly two patients had more than one occlusion; both had low HDL, concentrations.
Of the seven arteries examined.
Conversion: SI to traditional units-Cholesterol: 1 mmol/1 38-6 mg/100 ml.
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patient (p < 0 01). Low concentrations were also associated with a
greater prevalence of complete occlusions (p <0-02). On the other
hand, the relative numbers of complete and partial stenoses and the
average size of the partial stenoses (length and degree of narrowing)
appeared to be unrelated to HDL2 concentration.

Discussion

The major finding in this study was that the inverse relation
between clinical ischaemic heart disease and plasma total
HDL cholesterol, previously shown epidemiologically,'-5
reflects an association between the severity of coronary artery
disease and the cholesterol concentration in the HDL2 subclass.
Coronary disease was also directly related to the LDL2
cholesterol concentration, but this association was weaker than
that with HDL,. These two relations were independent of each
other, the HDL2 :LDL, ratio being a better predictor of
disease than either measurement alone. No other statistically
significant associations were found. In particular, the coronary
score was unrelated to age, body weight, and plasma triglyceride
concentration, variables with which the total HDL cholesterol
concentration has been shown to correlate in epidemiological
studies.3

Closer examination of the angiographic data showed that the
high coronary scores associated with low HDL, concentrations
reflected an increase in the number of stenoses. This was true
for both partial and complete stenoses. The additional lesions
were widely distributed, showing no preference for any par-
ticular vessel. On the other hand, the average sizes of the lesions
and the proportion that had progressed to produce a complete
occlusion appeared to be unrelated to HDL., concentration.
Thus low HDL., concentrations may be associated with an
increased susceptibility to atherosclerotic lesions but not with an
acceleration of the later stages of atherogenesis or with a
predisposition to secondary thrombosis. Clearly, necropsy
studies will be needed to confirm or refute this. Although the
severity of atherosclerosis in coronary arteries showed a negative
correlation with HDL cholesterol in the necropsy study of
Solberg et al,' 7 these workers did not distinguish between
complicated and uncomplicated lesions or measure HDL
subfractions.
Our conclusion that it is principally HDL2 cholesterol rather

than HDL3 cholesterol to which coronary disease is related is
consistent with other published observations. In a 10-year
prospective study of men aged 20-66 years reported in 1966 the
mean HDL, concentration (measured by analytical ultra-
centrifugation) in 38 subjects who developed clinical ischaemic
heart disease was 32",% lower (p <0 01) than that in 1961
controls; the case-control difference in HDL concentration was
substantially less (-8o°/).1 8 Later Albers et a119 noted that
patients with a history of myocardial infarction had significantly
lower ratios of HDL cholesterol to apolipoprotein Al than did
healthy controls, consistent with a lower HDL,:HDL3 ratio in
the former group. It has long been recognised that the low total
HDL concentrations associated with hypertriglyceridaemia,
male sex, and obesity chiefly reflect low HDLL concentrations.20
Our evidence for a positive association between coronary

disease and LDL2 cholesterol is consistent with and extends
reports that angiographically defined disease is correlated with
total LDL cholesterol.6-8 The absence of any relation between
coronary disease and the cholesterol content of lipoproteins
with a density below 1019 g/ml suggests that there was no
association with LDL, concentration in our subjects. There is
little doubt that the very high LDL, concentrations of familial
type III hyperlipoproteinaemia contribute to the premature
onset of atherosclerosis in that condition.2' In the rest of the
community, however, the LDL, concentration may not be a
significant determinant of atherogenesis, though a high con-
centration produced locally at the arterial endothelial surface
has been the subject of a plausible aetiological hypothesis.22
Our failure to discover a relation between coronary disease

and the plasma concentrations of the major HDL apolipo-
proteins AI and AII is consistent with evidence that any reduc-
tion of apolipoprotein AI concentration in coronary victims is
less than that of HDL cholesterol.19 Apolipoprotein AI also
appears to be a weaker predictor of coronary events than HDL
cholesterol.23 Avogaro et al,24 however, concluded that the
concentrations of apolipoproteins AI and B (the major protein
component of LDL) were more powerful than the plasma HDL
cholesterol and total cholesterol concentrations in discriminating
between patients with a myocardial infarction and healthy
controls.

Clinically our data suggest that assessing clinical coronary
risk in a person is likely to be more accurate if based on the
HDL2 cholesterol and LDL2 cholesterol concentrations than if
based on the total HDL and plasma or total LDL cholesterol
values. Biochemically the association of coronary disease with
low HDL2 concentrations may provide clues to the nature of
the relation between HDL metabolism and atherogenesis.
HDL, may be produced by the fusion of HDL, with surface
remnants liberated from triglyceride-rich lipoproteins during
their catabolism by lipoprotein lipase.1" This phenomenon
appears to underlie the positive correlation between tissue
lipoprotein lipase activity and HDL cholesterol concentration.'5
Thus a high HDL2 concentration may reflect an efficient
lipolytic process, perhaps reducing the intravascular residence
time of certain atherogenic intermediates. Also noteworthy is
that HDL2 contains a particle which is rich in apolipoprotein E
and that this competes with LDL2 for receptor-mediated
uptake by peripheral cells.'6 Though we found no association
between the severity of disease and the plasma apolipoprotein E
concentration, only a proportion of this apolipoprotein resides
in HDL.27

We are indebted to Dr P Alaupovic, of the Laboratory of Lipid
and Lipoprotein Studies, Oklahoma Medical Research Foundation,
and to Dr J J Albers, of the University of Washington, Seattle, for
standardising the plasma pools used for the electroimmunoassays of
apolipoproteins AI, All, and E. This work was supported by a
grant from the research endowments committee of St Thomas's
Hospital. Ms C Whiting provided skilled technical help.
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Hepatic vascular lesions associated with
dacarbazine treatment

M A GREENSTONE, PAULINE M DOWD, D P MIKHAILIDIS, P J SCHEUER

Abstract

Dacarbazine is widely used in the treatment ofmelanoma.
Transient abnormalities of liver function tests are
well-recognised side effects of the drug, but acute liver
failure due to vascular occlusion in patients receiving
single-agent chemotherapy with dacarbazine has been
noted only rarely. Two cases are reported in which
hepatic vascular lesions developed during treatment
with dacarbazine and were confirmed at necropsy.
Hepatic vascular occlusion due to treatment with

dacarbazine may be less rare than was previously
thought. Greater caution may be needed when dacarba-
zine is prescribed, particularly as an adjuvant agent in
stage I and II disease.

Introduction

Dacarbazine (dimethyl-triazeno-imidazole-carboxamide) has
been widely used in the treatment of stage III melanoma and
in trials of adjuvant chemotherapy in patients with stage I and
II disease with a poor prognosis. We report two cases in which
hepatic vascular lesions occurred during dacarbazine treatment.
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Case reports

CASE 1

A 53-year-old Caucasian man developed histologically proved
lymph-node metastases five years after wide excision of primary
melanoma. In April 1978 he began treatment with dacarbazine
(250 mg/M2 daily for five days). He was also taking amitryptiline
(Lentizol) 50 mg at night and chlorpromazine as required as an
antiemetic. Apart from transient fever on the fifth day, he tolerated
treatment well. One month later he was readmitted for a second
course of dacarbazine. He was well, and clinical examination, full
blood count, urea and electrolyte concentrations, and liver function
tests were all normal. His medication was as before. He remained
well until the fourth day of treatment, when he developed acute
abdominal pain and hepatic tenderness. He deteriorated with confusion,
jaundice, and hypotension. Results of liver function tests became
extremely abnormal (aspartate transaminase activity 1780 U/1,
alkaline phosphatase activity 148 IU/1, total bilirubin 77 t±mol/l
(4 5 mg/100 ml)), and he developed prolonged prothrombin and
partial thromboplastin times, hypoglycaemia, and a profound meta-
bolic acidosis. A peripheral blood film showed only mild neutrophilia
(74% of 13 9 x 109/1), whereas a differential white cell count two
days earlier had shown eosinophilia of 17% of 7 x 109/1. Blood
cultures were repeatedly negative. Despite vigorous supportive
treatment he died 72 hours later.
At necropsy the liver had a mottled red appearance and irregular

areas of necrosis were seen. The main hepatic and portal veins were
patent. On microscopy recent infarcts were associated with fresh
thrombi in hepatic vein branches. Vein walls and portal tracts were
infiltrated with lymphocytes and eosinophils. There was a micro-
scopic metastasis in one lung.

CASE 2

A 46-year-old Caucasian man was treated with dacarbazine 500 mg
intravenously daily for five days for metastatic melanoma. He tolerated
the first course of treatment well but on the third day of the second
course developed clinical and laboratory manifestations of acute
hepatic necrosis. There was no clinical evidence of drug hyper-
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