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Serum lipoprotein levels fail to predict
postangioplasty recurrent coronary artery stenosis

GARTH E. AUSTIN, MD, PHD; JAY HOLLMAN, MD; MICHAEL J. LYNN, MS; AND BERNARD MEIER, MD

m A prospective study to explore the role of serum lipoproteins in the development of recurrent stenosis
after percutaneous transluminal coronary angioplasty was conducted on serum samples from 103 patients.
Serum was collected at the time of angioplasty and evaluated for total cholesterol, total triglycerides
(TG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, very low-
density lipoprotein cholesterol, and apolipoproteins Al and B. In addition, LDL cholesterol/HDL
cholesterol ratios and apolipoprotein B/A1 ratios were calculated for each sample. Information was then
gathered from four years of follow-up after angioplasty, which was sufficient to establish the presence or
absence of recurrent stenosis in 87 patients (68 males and 19 females). Stenosis recurred in 31 of the 87
patients (36%); the rate was similar for males (35%) and females (37%). Univariate analysis of the total
patient population revealed no statistically significant difference in values for any of these lipoprotein pa-
rameters between success and recurrence groups. Likewise, multivariate analysis revealed no combination
of lipoprotein values to be associated with success or recurrence. Findings were similar for the males alone
and the total group of males and females. The female group was too small for separate statistical analysis.
The power of this study to detect meaningful differences in each of these parameters except TG was at
least 80%. These results do not support the hypothesis that lipoprotein factors influence the development

of recurrent stenosis in patients undergoing coronary angioplasty.
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ERCUTANEOQOUS transluminal coronary angio- about one third of all patients undergoing angioplasty

2

plasty (PTCA) is a well-established technique
for treating coronary atherosclerosis.! However,
recurrent coronary artery stenosis occurs in
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and remains the principal problem with this technique.
Evidence from an autopsy study indicates that restenosis
is due to proliferation of intimal and medial smooth
muscle cells, induced by trauma to the vessel wall at the
time of angioplasty.> While the factors determining
which patients will develop recurrent stenosis remain
unclear, lipoproteins have been considered likely con-
tributors to this process.

In a recent study, we looked for associations between
a number of routinely ordered laboratory tests and the
development of recurrent stenosis.* We found that none
of the factors examined (except cholesterol in a sub-
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TABLE 1

LIPOPROTEIN LEVELS AND RECURRENT STENOSIS B AUSTIN AND ASSOCIATES

LABORATORY TEST RESULTS IN TOTAL SUCCESS AND RECURRENCE GROUPS

Patient Number of

Test group patients Mean SD p

Cholesterol success 56 5.917 (228.8) 1.386 (53.6) .642
mmol/L (mg/dL) recurrence 31 5.790 (223.9) 1.133 (43.8)

Triglycerides success 56 1.941 (171.9) 0.930 (82.4) 251
mmol/L (mg/dL) recurrence 3] 2.253 (199.6) 1.604 (142.1)*

HDL cholesterol SUCCESS 56 0.962 (37.2) 0.266 (10.3) 945
mmol/L (mg/dL) recutrence 31 0.959 (37.1) 0.305 (11.8)

LDL cholesterol success 56 3.907 (151.1) 1.065 (41.2) 756
mmol/L (mg/dL) recurrence 30t 3.988 (154.2) 1.241 (48.0)

VLDL cholesterol success 56 0.890 (34.4) 0.425 (16.4) 676
mmol/L (mg/dL) recurrence 30t 0.934 (36.1) 0.517 (20.0)

Apoliprotein Al success 56 1.266 (126.6) 0.217 (21.7) .844
g/L (mg/dL) recurrence 31 1.276 (127.6) 0.237(23.7)

Apoliprotein B success 56 0.885 (88.5) 0.151 (15.1) 458
g/L (mg/dL) recurrence 31 0.915 (91.5) 0.228 (22.8)

LDLC/HDLC success 56 4.23 1.31 523

recurrence 301 4.45 1.76
Apo B/Apo Al success 56 0.721 0.186 451
recurrence 31 0.760 0.296

* Excluding the one patient with triglycerides of 8.479 mmol/L (751 mg/dL), the mean triglycerides concentration for the 30 remaining patients in the
recurrence group was 2.020 mmol/L (178.9 mg/dL) and the SD is 1.169 mmol/L (103.5 mg/dL).
1 These parameters were not calculated for the one patient with triglycerides of 8.479 mmol/L (751 mg/dL).

group of women) was a statistically significant predictor
for the condition. However, lipoprotein levels other
than total cholesterol (TC) were not available for ex-
amination. Therefore, a prospective study in which lipo-
protein assays were performed on serum obtained from
angioplasty patients was conducted to assess the role of
lipoproteins in the development of recurrent stenosis.

MATERIALS AND METHODS

Patients who underwent coronary angioplasty per-
formed by Drs. Hollman and Meir between November
18, 1982, and March 6, 1983, at Emory University
Hospital, Atlanta, were eligible for the study. These in-
vestigators performed slightly more than one-third of all
the angioplasties done at Emory during that period. As-
sighment of angioplasty cases to the cardiologists on the
service was on a rotational basis and was independent of
patient characteristics.

One hundred three patients were studied. This popu-
lation represented approximately 70% of the patients
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treated by the investigators. Blood samples from the re-
maining patients could not be obtained or expeditiously
processed because of logistical reasons unrelated to
patient characteristics.

Adequate follow-up information was available on 87
of the 103 patients. The follow-up period for all patients
has been at least four years. In 74 cases, classification
into success or recurrence groups was on the basis of fol-
low-up angiography including all the recurrences and in
13 cases on the basis of clinical information including
treadmill testing. Treadmill testing is a highly sensitive
means of determining recurrent stenosis, particularly in
patients who have had multiple stress tests in the past
(as was the case with our patients) and has been used by
other groups of investigators.>

Protocol for patients undergoing angioplasty
Coronary angioplasty was performed as described by
Griintzig et al.! Patients arrived in the hospital on the
evening before angioplasty and were given aspirin (650
mg). Angioplasty was performed the following day.
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Patients received aspirin
therapy for six months fol-
lowing angioplasty. Follow-
up angiography was per-
formed at the onset of
recurrent symptoms or at six
months following angio-
plasty if the patient re-
mained asymptomatic. In
some of the asymptomatic
patients, only a clinical ex-
amination including a tread-
mill test was done. If the ex-
amination was normal, the
patient was classified as a
continuing success. All
patients had either a tread-
mill test or underwent angio-
graphy approximately six
months after angioplasty.
Patients were subsequently
followed with clinical ex-
aminations and stress tests at
intervals, and in some cases,
further angiography. The
status of all patients was re-
viewed and updated four
years after angioplasty.
Recurrent stenosis was
defined as a 50% loss of the
gain in luminal diameter ini-
tially obtained at angio-
plasty. Thus, if a patient’s
narrowing of luminal diame-
ter was 80% before PTCA
and 20% immediately after
PTCA, then a subsequent
narrowing of 50% or greater
in luminal diameter was
termed a  recurrence.
Patients in whom recurrent
stenosis did not develop
were termed successes. Ini-
tial and follow-up angio-
grams were measured in one
to four non-overlapping
views using a digital caliper
(A2D cinematic viewer and
Prodical 1101 Programmable
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FIGURE 1. Box-and-whisker plots of lipoprotein test results in success and recurrent stenosis
patients. FIGURE 1A. TC. FIGURE 1B. TG. FIGURE 1C. HDL cholesterol.
FIGURE 1D. LDL cholesterol. FIGURE 1E. VLDL cholesterol. FIGURE 1E. Apo Al.

FIGURE 1G. Apo B. FIGURE 1H. LDL cholesterol/HDL cholesterol ratio. FIGURE 11.
Apo B/apo A1 ratio. S = success group; R = recurrence group.

Digital Caliper, Ultrasound, Inc., Killingsworth, at Emory University Hospital were mailed to Emory
Conn.). Results of follow-up angiograms not performed University for evaluation. Where follow-up angiography
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was available, recurrence was diagnosed solely on the
basis of angiographic criteria, independent of a patient’s
symptoms and functional class. In the cases in which
late angiography was unavailable, the diagnosis of
success was based upon the absence of clinical symptoms
or signs of restenosis for four years following angioplasty,
together with a normal treadmill test.

Blood samples for lipoprotein analysis were obtained
directly from the femoral vein at the time of angioplasty.
Samples were immediately placed on ice, and serum was
obtained by centrifugation within 30 minutes. Serum
specimens were aliquotted into multiple fractions which
were frozen at -80°C until assayed. All patients were
hospitalized and fasted overnight prior to angioplasty.

Laboratory tests

The following laboratory tests were performed on
serum samples obtained during angioplasty: TC, total
triglycerides (TG), high-density lipoprotein (HDL)
cholesterol, apolipoprotein Al (apo Al), and apolipo-
protein B (apo B). In addition, very low-density lipo-
protein (VLDL) cholesterol and low-density lipoprotein
(LDL) cholesterol were calculated according to the
widely employed formula established and validated by
Friedewald et al.” Specifically, VLDL = TG (except for
markedly elevated triglycerides) and LDL = TC — HDL
— VLDL. In the one case where TG was extremely ele-
vated (8.479 mmol/L, 751 mg/dL), LDL and VLDL were
not calculated. Apo Al assays were performed as de-
scribed by Austin and Maznicki.® Apo B assays were pet-
formed on the COBAS-BIO centrifugal analyzer
(Roche Analytical Instruments, Inc., Nutley, NJ) using
reagents purchased from Calbiochem-Behring Corp.,
LaJolla, Calif. Apolipoprotein assays were standardized
using control material obtained from the Centers for
Disease Control, Atlanta. Ratios of LDL/HDL and apo
B/apo Al were also calculated for all patients. All
laboratory tests were performed in the clinical laborato-
ries of Emory University Hospital, Atlanta.

Statistical analysis

Univariate analysis was performed to determine the
effect of each laboratory parameter on recurrence rate.
Student’s ¢ test was employed to compare the mean
values of the parameters in the success and recurrence
groups.

A stepwise multiple logistic regressive analysis® was
employed to examine the possibility that some combina-
tion of the individual laboratory tests would distinguish
between the success and recurrence groups.

In addition, the power of the study was assessed by de-
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termining for each parameter the differences in mean
values for the two groups that could be detected with a
power of 80%, given the sample sizes and standard de-
viations in this study. A power of 80% is generally con-
sidered adequate for such studies."

RESULTS

The overall stenosis recurrence rate was 36% (31 of
87 patients). The rate for men was 35% (24 of 68
patients); for women, 37% (7 of 19 patients). Recur-
rence rates for patients treated more recently at Emory
University Hospital are slightly lower.® The statistical
treatment of individual laboratory test results was car-
ried out only for the total group (men and women) and
for men alone since the women group was too small for
separate analysis, although the results for women were
qualitatively similar to those for men. Because the re-
sults for men alone were essentially identical with those
for the total group, only the data for the total group will
be presented in detail here.

Univariate analysis of laboratory test results

Results of univariate analysis for the sucess and recur-
rence groups are shown in Table 1 and Figure 1. Tuble 1
provides the mean values and standard deviations as
well as the P value for comparing the mean values of
each of the laboratory tests in the success and recurrence
groups. Figure 1 provides comparative information on
median, 25th and 75th percentile, and range for all test
results in both groups. No significant differences in the
mean values of the success and recurrence groups were
found. Likewise, only minor differences in ranges or
25th or 75th percentiles were noted for the various pa-
rameters under study. Even factors that are highly corre-
lated with rates of atherosclerotic heart disease, such as
LDL and HDL and the apolipoproteins, showed no
differences in mean values between success and recur-
rence groups. Likewise, neither the LDL/HDL ratio nor
the apo Bfapo Al ratio showed any correlation with re-
currence. No significant differences in laboratory test re-
sults were observed between the 43 success patients who
underwent follow-up angiography and the 13 cases
whose diagnosis of success was based upon clinical find-
ings and a negative treadmill test.

Multiple logistic regression analysis

Multiple logistic regression analysis was performed to
determine if any combination of the above parameters
was associated with recurrence. No statistically signifi-
cant differences in test values were found for results of

VOLUME 56 NUMBER 5

. For personal use only. All other uses require permission.


http://www.ccjm.org/

LIPOPROTEIN LEVELS AND RECURRENT STENOSIS B AUSTIN AND ASSOCIATES

any combination of these tests (including calculated
parameters and ratios).

Estimation of the power of this study to detect
significant associations between lipoprotein
parameters and recurrence

For each parameter, we determined the difference be-
tween the mean values of the success and recurrence
groups that could be detected with 80% power using our
samples. The results are: TC, 0.776 mmol/L (30 mg/dL);
TG, 0.632 mmol/L (56 mg/dL); HDL cholesterol, 0.181
mmol/L (7 mg/dL); LDL cholesterol, 0.698 mmol/L (27
mg/dL); VLDL cholesterol, 0.284 mmol/L (11 mg/dL);
apo Al, 0.15 g/L (15 mg/dL); and apo B, 0.11 g/L (11
mg/dL). Based upon these findings, there was a rea-
sonable chance (80%) of detecting clinically meaning-
ful differences (should they have existed) for all parame-
ters under study except TG, for which the value of 0.632
mmol/L is higher than desirable. The large standard de-
viation for triglyceride levels, particularly in the recur-
rence group, accounted for this high value.

DISCUSSION

The cause of recurrent stenosis after angioplasty re-
mains unknown. Our previously reported autopsy stu-
dies suggest that the anatomic basis of recurrent stenosis
consists of an intimal proliferation of myofibroblasts,
along with deposition of collagen, which leads to lumi-
nal narrowing that, in some cases, may be concentric.?
Because of the importance of lipoproteins in the patho-
genesis of coronary atherosclerosis, consideration has
been given to the possibility that these factors are im-
portant in the development of recurrent coronary artery
stenosis following angioplasty.

In arecently reported study,* we examined the poten-
tial value of a number of common clinical laboratory
tests in predicting recurrent stenosis. A statistical asso-
ciation between serum cholesterol and recurrence was
reported, but only for a subgroup of women receiving
aspirin after angioplasty and not for either the total
group of women, the total group of men, or the men re-
ceiving aspirin. Because of the large number of parame-
ters examined, it could not be ruled out that this associa-
tion occurred by chance. Hence, it was important to
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