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Abstract
Objective-To determine the effects of smoking,

plasma lipids, lipoproteins, apolipoproteins, and
fibrinogen on the patency of saphenous vein femoro-
popliteal bypass grafts at one year.
Design-Prospective study of patients with

saphenous vein femoropopliteal bypass grafts
entered into a multicentre trial.

Setting-Surgical wards, outpatient clinics, and
home visits coordinated by two tertiary referral
centres in London and Birmingham.
Patients-157 Patients (mean age 66-6 (SD 8.2)

years), 113 with patent grafts and 44 with occluded
grafts one year after bypass.
Main outcome measure-Cumulative percent-

age patency at one year.
Results-Markers for smoking (blood carboxy-

haemoglobin concentration (p<005) and plasma
thiocyanate concentration (p<001) and plasma
concentrations of fibrinogen (p<0001) and apolipo-
proteins AI (p<004) and (a) (p<0 05) were signifi-
cantly higher in patients with occluded grafts. Serum
cholesterol concentrations were significantly higher
in patients with grafts that remained patent one year
after bypass (p<0005). Analysis of the smoking
markers indicated that a quarter of patients (40) were
untruthful in their claims to have stopped smoking.
Based on smoking markers, patency of grafts in
smokers was significantly lower at one year by life
table analysis than in non-smokers (63% v 84%,
p<O0O2). Patency was significantly higher by life
table analysis in patients with a plasma fibrinogen
concentration below the median than in those with a
concentration above (90% v 57%, p<O0002). Sur-
prisingly, increased plasma low density lipoprotein
cholesterol concentration was significantly asso-
ciated with improved patency at one year (85%) at
values above the median compared with patency
(only 68%) at values in the lower half of the range
(p<0.02).
Conclusions-Plasma fibrinogen concentration

was the most important variable predicting graft
occlusion, followed by smoking markers. A more
forceful approach is needed to stop patients smoking;
therapeutic measures to improve patency of vein
grafts should focus on decreasing plasma fibrinogen
concentration rather than serum cholesterol concen-
tration.

Introduction
Vein bypass operations can dramatically relieve

symptoms in patients with critical ischaemia of
coronary arteries or distal arteries of the legs. Bypass of
a distal artery may prevent a threatened amputation,
but even when an autogenous saphenous vein is
available the limb is saved in at most 70-80% of cases.'

Failure of femoropopliteal bypass in the immediate
postoperative period has been attributed to technical
problems.2 Later failures have been associated with
stenosis or thrombosis of the graft, anastomotic intimal
hyperplasia, and progression of proximal or distal
atherosclerosis.' Interactions between blood and the
vessel wall probably contribute to all these processes.
Smoking seems to have a dominant role in the causa-
tion and progression of peripheral arterial disease,4
which, through its adverse effects on endothelium,
platelet function, clotting factors, and fibrinolysis,
perturbs interactions between blood and vessel walls.
Fibrinogen has an essential role in thrombosis, and
epidemiological studies have shown it to be an im-
portant predictor of cardiovascular disease.56 Both
total cholesterol and low density lipoprotein choles-
terol concentrations are associated with atherosclerotic
coronary heart disease,7 whereas independently there
is an association between low concentrations of high
density lipoprotein cholesterol and the disease.' The
main apoproteins of these lipoprotein particles may
also prove to be useful predictors of coronary heart
disease.9 These lipids and lipoproteins are also asso-
ciated with the failure of aortocoronary vein grafts.'6"
The previous establishment of a multicentre trial of

antiplatelet drugs in patients undergoing saphenous
vein femoropopliteal bypass provided an independ-
ently monitored group of patients in whom blood risk
factors associated with atherosclerosis or thrombosis
could be studied. We investigated whether objective
assessment of smoking and lipid and lipoprotein
predictors of atherosclerosis or plasma concentrations
of fibrinogen and the fibrin degradation product
D dimer, and activity of tissue plasminogen activator
inhibitor were associated with the occlusion or failure
of femoropopliteal vein bypass grafts.

Patients and methods
PATIENTS AND CONTROLS

Blood samples were available from 157 patients,
mean age 66 7 (SD 8-2) years, who had entered the
multicentre femoropopliteal bypass trial with auto-
genous saphenous vein bypass. The samples were
obtained six months after bypass to determine the
patients' postoperative smoking habits. Although 293
patients had entered the trial during this study, blood
samples were obtained from 157 unselected patients at
clinics where fasting samples could be collected.
Preoperative samples and samples at six and 18 months
were also obtained from 38 patients entered at the two
coordinating centres to establish coefficients of varia-
tion within patients. All procedures were approved by
local ethical committees. Forty four controls, 38 men
and six women, mean age 59-2 (SD 7 6) years, were
used to establish normal ranges for special analytes
(D dimer, tissue plasminogen activator inhibitor, apo-
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lipoprotein (a)): 21 were current smokers. The controls
were patients attending Charing Cross Hospital for
repair of a hernia who had undergone non-invasive
arterial assessment to exclude important occlusive
disease of the legs.: Samples of blood were obtained
from patients and controls after overnight fasting, and
aliquots of serum and plasma were stored at -20°C
until analvsis.

Patients in the femoropopliteal trial were visited by
the trial coordinator every three months during the
first year after bypass and every six months thereafter,
and the patency of the graft was assessed at each visit.
The graft was considered to be patent when a definite
pulse could be palpated over the graft with a clearly
audible Doppler signal. When the pulse was absent or
uncertain, objective tests were used to confirm patency
or occlusion (47 patients): the results of digital sub-
traction angiography, isotope angiography, or duplex
scanning were accepted.

LABORATORY METHODS

Total serum cholesterol and triglyceride concentra-
tions were measured by end point enzymatic methods.
Concentrations of the main lipoproteins were
measured after preparative salt density gradient ultra-
centrifugation of plasma using the method of Chung et
al.'3 Apolipoproteins Al, B, and (a) were measured
by end point immunonephelometry. The interassay
coefficients of variation were: apolipoprotein Al 5%,
apolipoprotein B 6%, and apolipoprotein (a) 8%
(international laboratory study on the comparability of
Apo A-I and Apo B methods, WHO Lipid Reference
Centre, Prague). Fibrinogen concentration was
measured by an end point immunonephelometric
assay; the interassay coefficient of variation was 5%.
The assay was intermittently checked against the clot
weight; with a paired t test the mean difference
between assays was 1 12 (95% confidence interval 0 84
to 1 40). Coefficients of variation within patients
(preoperative, six month, and 18 month samples)
were: cholesterol 6%0, triglyceride 16%, apolipoprotein

TABLE I-Characteristics of patients uindergoing saphenouis vein
femoropopliteal bypass. Figures are numbers (percentages)

Study group

With With
Mlain trial patent occluded
group grafts grafts

tn=293) (n= 1131) (0n=44)

M\lean age (years) 65-8 67-0 6S 5
AMen 220:75 79 ('70) 33 (75)
Women 73)(25': 34('30) 11h'25)
Diabetes 64 (22:) 22 ('19) 7 16)
Graft:

In situ 108 (37) 43 ('38) 16 (36)
Reverse 185)63) 70)62) 28 (64)

Anastomosis:
Abovc knec 123 ('42) 46 l41: 17 '39:
Belo" knee 170: 58 67 (59i 27:61)

Claudication 107:36: 41 (36: 18 41)
aest pain or gangrene 186 (64 72 (64) 26 (59)

TABLE II-Blood plasma risk factors and patency of 12 month femoropopliteal grafts in 157 patients.
Figures are medians (10-90 centiles)

I'atent grafts Occluded grafts
ln=113) (n 44! Significance*

Cholesterol )mmol/l) 6 04 (4 6-8-6) 5 30 (4 5-7 1) p<0005
Triglyceride (mmol/l) 1 90 (0-98-3 86) 1-83 (:080-3-81) NS
High density lipoprotein cholestcrol (mmol/l) 0-92 (0 58-1 55) 0-95 :0-56-1 70) NS
Low density lipoprotein cholestcrol (mmol/l) 3 30: 183-5-0: 2 97 (204-414'1 NS
Verv low density lipoprotein triglyceride (mmolUl) 1 30 0 52-2 81) 1 00 (:027-2 86) NS
Carboxyhaemoglobin(%'(0) 150(0 7-3-9) 1 70(1.0-5.2: p<0 05
Thiocvanate(tmol/l) 56 :30-140) 83 (46-190) p<0Ol
Apolipoproteini Al (g/l) 1 19 (0 90-1 61) 1.23 :091-1 76: p--004
Apolipoprotein B (g/l) 0-95 (063-1 28) 095 :066-1 30 NS
Apolipoprotein (a)t (mg/l) 10-7 (:72-12 2) 118:(7X8-13-0) p<005
Fibrinogen(g/l) 3 90:(28-5-4) 4X80:(3-3-8X0) p<)(001

*Mann-Whitney U test.
tResults obtained from a smallcr group of 40 paticnts with patent grafts and 25 with occluded grafts.

cD 80- T

X (47)
E 60-
0 p <0-02

40 ..
0 3 6 9 12

Time (months)
FIG 1-Patency of femoropopliteal vein grafts in smokers (serum
thiocyanate concentration >70 Ftmol/l (0) and non-smokers (serum
thiocyanate concentration <70 ptmol/l) (U). Numbers of patients
with patent grafts in parentheses

Al 8%, apolipoprotein B 6%, fibrinogen 10%, high
density lipoprotein cholesterol 5%, and low density
lipoprotein cholesterol 8%. Activity of tissue plas-
minogen activator inhibitor was measured in plasma
containing EDTA by a two stage indirect enzymatic
assay (Biopool) based on a method first described by
Chmielewska et al.14 The interassay coefficient of
variation was 9%. Carboxyhaemoglobin concentra-
tions were determined in whole blood anticoagulated
with EDTA with an IL282 carboximeter; concen-
trations ¢>2 -0% indicated continued smoking.'5 Serum
thiocyanate concentrations were determined by an
automated colorimetric method; those ¢'t70 (kmol/l
indicated recent smoking. ,

ANALYSIS

Individual results were compared by non-para-
metric Mann-Whitney U tests, life table analysis was
used to calculate patency of the grafts, and multivariate
discriminant function analysis was carried out on the
total data set.'6 In the life table analysis the p values
were obtained from the Lee-Desu statistic. 17 For
individual results data are given as medians (centiles
10-90).

Results
Two hundred and ninety three patients undergoing

autogenous saphenous vein femoropopliteal bypass
had entered the femoropopliteal bypass trial by
December 1987. The indications for bypass in these
patients included disabling claudication, ischaemia at
rest, and gangrene. The cumulative patency by life
table analysis was 80% at 12 months and 78% at 24
months, there being no appreciable difference in
patency with indication for operation.8 Of the 157
patients in whom suitable blood samples were avail-
able, 112 were men and 45 were women. Of the total,
29 were diabetic and 144 had a substantive history of
smoking (>20 pack years). They seemed to be repre-
sentative of the patients entered into the femoropop-
liteal bypass trial (table I). On direct questioning only
31 of the 157 patients admitted to continued smoking
after their bypass. Analysis ofsmoking markers (serum
thiocyanate concentration se70 [tmol/l or blood car-
boxyhaemoglobin concentration :220%, or both)
suggested that 71 of the 157 patients continued to
smoke after bypass grafting, indicating that a quarter
of these patients seemed to be untruthful about their
smoking habits. Median concentrations of the car-
boxyhaemoglobin and thiocyanate markers were
significantly higher in patients with grafts that had
failed (table II). When the patients were divided into
two groups, one in which the serum thiocyanate
concentration was <70 imol/l and the other in which it
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was >70 [tmol/l, life table analysis clearly showed
significantly improved patency of grafts at one year in
the group with the lower thiocyanate concentrations
(non-smokers), 84% having patent grafts compared
with only 63% of smokers (p<0-02) (fig 1).
The median serum cholesterol concentration was

significantly lower in patients with failed grafts than
in those with patent grafts at one year after bypass
(5 30 mmol/l v 6 04 mmol/l, p<0005) (table II).
Patients with occluded grafts also had a higher median
plasma concentration of high density lipoprotein
cholesterol and lower concentrations of low density
lipoprotein cholesterol (table II), although with their
large variance these differences were not significant on
univariate analysis. Patients with a low density lipo-
protein cholesterol concentration above the median
(3-28 mmol/l) had considerably improved patency of
their grafts by life table analysis one year after bypass
(85%) compared with that in patients with a concentra-
tion below the median (85% v 68%, p<002) (fig 2).
Patients with occluded grafts also had a higher median
concentration of apolipoprotein Al than patients with
patent grafts (1-23 g/l v 1-19 g/l, p<004). There was
no difference in apolipoprotein B concentration in the
two groups. Plasma apolipoprotein (a) concentration
was determined on a range of patients and seemed to be
higher in those with occluded grafts (table II).
Median plasma fibrinogen concentration was higher

in patients with occluded grafts than in those with
patent grafts one year after bypass (4 80 g/l v 3 90 g/l,
p<00001), the difference being clearly shown by life
table analysis (fig 3): patency at one year was 90% when
the plasma fibrinogen concentration was below the
median compared with 57% in patients with higher
concentrations (p<0 0002). Two further variables as-
sociated with thrombosis were measured, the concen-
tration of D dimer and activity of tissue plasminogen
activator inhibitor. Neither variable was related to
patency of the graft at one year, although the median
concentration of D dimer in patients was significantly
higher than that in controls (172 (70-440) mg/l v
65 (24-140) mg/l, p<0c00001).

Discriminant function analysis was used to identify
variables predicting failure of the graft. Of the vari-
ables listed in table II, plasma fibrinogen concentration
followed by the smoking marker thiocyanate concen-
tration were selected as the two most powerful pre-
dictors of graft state: together these variables correctly
classified 82% of grafts (95/113 patent grafts and 34/44
occluded grafts). The addition of low density lipo-
protein cholesterol to the analysis improved the
number of cases correctly classified to 87%.

Samples of occluded vein grafts were obtained from
three patients having a secondary reconstruction from
one to six months after femoropopliteal bypass. The
vein grafts had a muscular media, a thick intima, and
the lumina were occluded by thrombus. There was no
evidence of atherosclerosis.

FIG 2-Relation ofpatency of
vein grafts and plasma low
density lipoprotein cholesterol
concentration. Patients with
concentrations >median (e);
patients with concentrations
<median (a). Numbers of
patients with patent grafts in
parentheses

a
c

C-)
-

CD)

6

Time (months)

100-U

(65)

'C: 80-

Co)E 60- t (45)

p < 0-0002

40 a .
0 3 6 9 12

Time (months)
FIG 3-Relation of patency of vein grafts and plasma fibrinogen
concentration. Patients with concentrations <median (-); patients
with concentrations >median (a). Numbers of patients with patent
grafts in parentheses

Discussion
The attrition rate of both femoropopliteal and

aortocoronary grafts is highest in the first few months
after bypass, with 15-20% of grafts becoming occluded
in the first year and only 2-3% in each subsequent
year. 18'12 Whereas angiography is necessary for the
surveillance of aortocoronary grafts femoropopliteal
grafts may be monitored non-invasively. We have
therefore focused attention on factors that might be
associated with failure of femoropopliteal grafts in the
first year after bypass.
Two principal factors, continued smoking and

plasma fibrinogen concentration, adversely affected
patency of femoropopliteal vein grafts in this study.
In contrast, rather unexpectedly, increased serum
cholesterol and plasma low density lipoprotein choles-
terol concentrations were associated with improved
patency. Further, although vein grafts undergo adap-
tive changes to the arterial circulation, atherosclerosis
within a distal vein graft is conspicuously absent within
the first year, when the incidence of graft failure is
high.22
The influence of smoking on the failure of grafts has

received considerable attention, but only a single
study, which failed to distinguish vein grafts from
prosthetic grafts, used an objective assessment of
smoking.26 There has been no evidence to associate
smoking with failure of vein grafts when information
about smoking was obtained by direct questioning.22425
Smoking has been associated with failure of vein grafts
when self administered questionnaires were used to
determine history of smoking, with only 30% of
femorodistal grafts being patent at two years in
smokers compared with 60% in non-smokers.26 Both
smoking markers used in our study (carboxyhaemo-
globin t½/2 5 hours, thiocyanate t½2 6 5 days) are
associated with occasional false positive results, but
together they permit identification of covert smokers.
Our data indicate that a quarter of the patients were
untruthful about their smoking on direct questioning.
When these patients were included with current
smokers patency of vein grafts in smokers (63%) was
significantly worse than in non-smokers (84%).

Plasma fibrinogen concentration was the most
important variable predicting occlusion of grafts,
patency in patients with plasma fibrinogen concentra-
tions above the median value being only 57% compared
with 90% in those with concentrations below the
median. Fibrinogen concentration and smoking are
not completely independent variables as smoking
seems to cause a small increase in plasma fibrinogen
concentration. Even this small increase may be sig-
nificantly related to a higher mortality from ischaemic
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heart disease in continuing smokers. Small increases
in plasma fibrinogen concentrations related to smoking
might also contribute to failure of vein grafts. The
turnover of fibrin, as estimated by D dimer concentra-
tions, was greatly increased in all patients undergoing
femoropopliteal bypass, but the basal rate of turnover
was not greater in patients with occluded grafts.
Increased plasma viscosity and a tendency to throm-
bosis are two possible mechanisms whereby high
plasma fibrinogen concentrations could influence
occlusion of grafts.

Lipid risk factors associated with accelerated athero-
sclerosis, increased concentrations of cholesterol, low
density lipoprotein cholesterol, and apolipoprotein B
with decreased concentrations of high density lipo-
protein cholesterol and apolipoprotein Al, were not
associated with failure of vein grafts. Cholesterol con-
centrations were significantly lower and apolipoprotein
AI concentrations significantly higher in patients with
occluded grafts, whereas life table analysis showed that
the incidence of graft failure was higher in patients
with lower low density lipoprotein cholesterol concen-
trations. These lipid variables were not correlated with
either plasma fibrinogen concentration or smoking.
Plasma apolipoprotein B concentrations were similar
in patients with patent and occluded grafts. Apolipo-
protein (a), however, which is complexed with apolipo-
protein B in defined low density lipoprotein particles,
was associated with occlusion of femoropopliteal vein
grafts. Apolipoprotein (a) has extensive homology with
plasminogen but has no known function in haemostasis
or thrombosis and is thought to identify a hereditary
component of coronary artery disease.293 Recently,
apolipoprotein (a) has been associated with stenosis of
aortocoronary vein grafts,3' and this apolipoprotein
may have a role in arterial thrombosis.
The extensive studies of plasma risk factors and

stenosis of aortocoronary vein grafts have been mainly
on long term patency in selected groups of patients,
those surviving for 10 years after coronary artery
bypass"' and late survivors who were non-smokers
without extensive femoral atherosclerosis, hyper-
tension, or hypertriglyceridaemia.'" In both these
studies of long term survival of grafts increased
serum cholesterol and plasma low density lipoprotein
cholesterol concentrations were associated with
stenosis of vein grafts and a poor prognosis: neither
study considered plasma fibrinogen concentration or
early failure of the grafts. It will be several years
before the association of specific risk factors with
late occlusion of femoropopliteal vein grafts can be
reported. As the late failure of such grafts has been
attributed to progression of proximal or distal athero-
sclerosis2' increased serum cholesterol and plasma low
density lipoprotein cholesterol concentrations may
prove to be associated with late failure.
Thrombosis is probably of greater importance than

atherosclerosis in the early failure of femoropopliteal
vein bypass grafts. Continued smoking and increased
plasma fibrinogen concentration adversely influence
patency indicating that a more persuasive and directed
approach to stopping patients smoking is necessary,
and this may need to be confirmed by an objective test.
Therapeutic intervention to reduce plasma fibrinogen
concentration may be a future goal, but therapeutic
intervention to reduce serum cholesterol concentration
is unlikely to improve salvage of the leg in patients
undergoing femorodistal bypass.
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