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The relationship between saphenous coronary bypass graft occlusion and
serum gamma-glutamyltransferase activity

Serum gama-glutamiltransferaz aktivitesinin safen koroner baypas greft tikanikhgi ile iligkisi

Burcu Demirkan, M.D., Yesim Giiray, M.D., Umit Guray, M.D.,
Osman Turak, M.D., Edjon Hajro, M.D., Sule Korkmaz, M.D.

Department of Cardiology, Tiirkiye Yiiksek ihtisas Heart-Education and Research Hospital, Ankara

Objectives: Serum gamma-glutamyltransferase (GGT) activ-
ity has been shown to be associated with progression of ath-
erosclerosis. We evaluated the relationship between serum
GGT levels and saphenous vein bypass graft disease at least
one year after coronary artery bypass graft (CABG) surgery.

Study design: The study included 125 consecutive patients
who had undergone CABG surgery with at least one saphe-
nous vein graft (SVG) and were referred to cardiac catheter-
ization for stable anginal symptoms or positive stress test
results at least one year after CABG surgery. Laboratory pa-
rameters including serum GGT levels were measured before
angiography. Occluded grafts were defined as a luminal ste-
nosis of =70% or absence of distal TIMI 3 flow. Thus, SVGs
were found to be patent in 53 patients (42.4%; 40 males, 13
females; mean age 65+8 years) and occluded in 72 patients
(57.6%; 62 males, 10 females; mean age 64+9 years).
Results: The two groups were similar with regard to age, gen-
der, hypertension, diabetes mellitus, family history of coro-
nary artery disease, smoking, and alcohol consumption. The
mean time from CABG to angiography was similar in patients
with a patent and occluded SVG (6.8+4.3 vs. 8.1+3.7 years;
p>0.05). Waist circumference was greater (p=0.02) and se-
rum levels of total cholesterol (p=0.001), triglyceride (p=0.02),
uric acid (p<0.001), hs-CRP (p<0.001), GGT (p<0.001) and
fibrinogen (p<0.001) were significantly higher in patients with
occluded veins. Serum GGT level was moderately but sig-
nificantly correlated with waist circumference (r=0.2, p=0.04),
uric acid (r=0.3, p=0.008), and hs-CRP (r=0.3, p=0.002). In
logistic regression analysis, total cholesterol (OR=1.012, 95%
Cl 1.002-1.023, p=0.03), hs-CRP (OR=1.968, 95% CI 1.17-
3.311, 0.01), uric acid (OR=1.57, 95% CI 1.1-2.208, p=0.01),
and GGT (OR=1.047, 95% CI 1.002-1.1, p=0.04) were found
to be significant predictors of SVG occlusion.

Conclusion: Our results suggest that serum GGT activity
is associated with higher occlusion rates of venous bypass
grafts.

Key words: Coronary artery bypass; gamma-glutamyltransfer-
ase; graft occlusion, vascular; saphenous vein/transplantation.

Amag: Serum gama-glutamiltransferaz (GGT) aktivitesinin
ateroskleroz gelisimi ile iligkili oldugu g&sterilmistir. Bu ca-
lismada, koroner arter baypas greft (KABG) ameliyatindan
en az bir yil sonra serum GGT dulzeyleri ile safen ven bay-
pas greft hastaligi arasindaki iliski arastirildi.

Calisma plani: Calismaya, en az bir safen ven greftiyle
(SVG) KABG ameliyati gegiren ve ameliyattan en az bir yil
sonra kararli angina semptomlari veya pozitif efor testi ne-
deniyle kardiyak kateterizasyon uygulanan ardisik 125 has-
ta alindi. Koroner anjiyografiden énce, tim hastalarda se-
rum GGT dizeyleri de dahil laboratuvar degerleri dlguldu.
Greftin tikali olmasi =%70 liminal darlik bulunmasi veya
distal TIMI 3 akim olmamasi seklinde tanimlandi. Kardiyak
kateterizasyonda, SVG 53 hastada (%42.4; 40 erkek, 13
kadin; ortalama yas 65+8) acik, 72 hastada (%57.6; 62 er-
kek, 10 kadin; ortalama yas 64+9) tikali bulundu.
Bulgular: iki grup yas, cinsiyet, hipertansiyon, diabetes
mellitus, koroner arter hastaligi icin aile dykusu, sigara ve
alkol alimi agisindan benzer bulundu. Grefti acik ve tikal
olan hastalarda ameliyattan koroner anjiyografiye kadar ge-
¢en ortalama slre benzerdi (sirasiyla 6.8+4.3 ve 8.1+3.7 yIl;
p>0.05). Grefti tikal olan hastalarda bel ¢evresi daha biyuk
(p=0.02), total kolesterol (p=0.001), trigliserit (p=0.02), Urik
asit (p<0.001), hs-CRP (p<0.001), GGT (p<0.001) ve fibrino-
jen (p<0.001) diizeyleri anlamh derecede yuksek bulundu.
Serum GGT duzeyleri, bel gevresi (r=0.2, p=0.04), serum Urik
asit (r=0.3, p=0.008) ve hs-CRP (r=0.3, p=0.002) duzeyleriy-
le orta diizeyde ancak anlamli iligki gOsterdi. Lojistik regres-
yon analizinde, total kolesterol (O0=1.012, %95 GA 1.002-
1.023, p=0.03), hs-CRP (00=1.968, %95 GA 1.17-3.311,
p=0.01), Urik asit (O0=1.57, %95 GA 1.1-2.208, p=0.01) ve
serum GGT (00=1.047, %95 GA 1.002-1.1, p=0.04) SVG ti-
kanikligiyla anlamli iliski gosterdi.

Sonug: Bulgularimiz, serum GGT aktivitesinin safen ven
greftlerinde yuksek tikanma oranlariyla iligkili oldugunu du-
sundirmektedir.

Anabhtar sézclikler: Koroner arter baypas; gama-glutamiltrans-
feraz; greft tikaniklidi, vaskuler; safen ven/transplantasyon.
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Gamma-glutamyltransferase (GGT) is an enzyme lo-
cated on the cell membrane and is also available in the
serum and contributes to the extracellular catabolism
of glutathione, which is one of the main antioxidants
of the mammalian cells."! The measurement of se-
rum GGT levels has long been used for the diagnosis
of hepatobiliary disease and as a marker of alcohol
consumption.” Recently, high GGT levels were re-
ported to be associated with various atherosclerotic
risk factors such as diabetes mellitus, hyperlipidemia,
and hypertension, independent of alcohol consump-
tion and liver dysfunction. Baseline GGT levels were
also found to be related to both cardiovascular and
all-cause morbidity and mortality.**' Moreover, some
evidence exists suggesting a direct link between in-
creased GGT activity and occurrence or progression
of atherosclerosis.*”)

Coronary artery bypass graft (CABG) surgery is
an effective revascularization method for the treat-
ment of coronary artery disease. The patency rate of
grafts mainly predicts the benefit from CABG surgery
both on short- and long-term. Since the saphenous
veins can be harvested and grafted more rapidly
and easily with a sufficient length, they are used fre-
quently for coronary grafting. However, venous grafts
have a relatively higher occlusion rate compared with
the arterial grafts.®! Early occlusions are mostly due
to technical factors, but the main cause of occlusion
beyond one year is newly developed atherosclerosis
in grafted saphenous veins.”'” So far, no study has
examined the relationship between serum GGT activ-
ity and graft patency in post-CABG patients. We
aimed to investigate whether there was a relationship
between saphenous vein graft disease and serum GGT
levels in CABG patients examined at least one year
after the index operation.

PATIENTS AND METHODS

The study included 125 consecutive patients who had
undergone CABG surgery with at least one saphenous
vein graft (SVG) between July and December 2006,
followed by cardiac catheterization at least one year
after CABG. All patients underwent coronary angi-
ography for stable anginal symptoms or positive stress
test results. Patients who underwent coronary angiog-
raphy within one year of CABG, and patients who had
acute coronary syndrome, hepatobiliary disease, pan-
creatic disease, and acute and chronic inflammatory
diseases were excluded from the study. The following
data were recorded at hospitalization: age, gender, ath-
erosclerotic risk factors such as hypertension, diabetes
mellitus, and family history for premature coronary

artery disease, smoking habit, alcohol consumption,
and current medications. Plasma glucose, lipid profile,
uric acid, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), GGT, alkaline phosphatase
(ALP), total bilirubin, and direct bilirubin levels were
measured in the morning fasting blood samples be-
fore angiography. Serum GGT levels were measured
by the enzymatic colorimetric assay at 37° C using L-
gamma-glutamyl-3-carboxy-4-nitroanilide as a sub-
strate. In our laboratory, the normal reference range
of GGT level is 8-61 U/l. Serum high-sensitivity C-
reactive protein (hs-CRP) levels were measured by
the immunonephelometric method with a normal ref-
erence range of 0.00-0.744 mg/dl for healthy individu-
als. Complete blood counts were analyzed by standard
methods and fibrinogen levels were measured with the
Clauss method.

After getting local ethics committee approval for
the study and written informed consent from each pa-
tient, all patients underwent routine coronary angiogra-
phy using the Judkins technique on a digital angiogra-
phy equipment. Selective angiograms were obtained to
evaluate the patency of SVG with appropriate catheters.
Aortography was performed in case the SVG could not
be visualized. All angiograms were assessed by inter-
ventional cardiologists blinded to the patient’s laborato-
ry data. Occluded grafts were defined as a luminal ste-
nosis of =70% or absence of distal TIMI (Thrombosis
In Myocardial Infarction) 3 flow. Patients were divided
into two groups based on the patency of SVGs. Patients
with a patent or occluded SVG were included in group
A and group B, respectively.

Statistical analysis. Continuous variables were pre-
sented as mean+standard deviation (SD) and categori-
cal variables as frequency and percentage. Student’s
t-test was used to compare continuous variables and
chi-square test was used for categorical variables. In the
whole group, Pearson correlation coefficient was used to

Table 1. Localizations of saphenous vein grafts in 125
patients

n %

Circumflex artery 39 31.2
Right coronary artery 17 13.6
Circumflex and right coronary

artery (sequential) 53 42.4
Diagonal artery 6 4.8
Circumflex and diagonal

artery (sequential) 4 3.2
Left anterior descending artery 5 4.0
Left anterior descending and

circumflex (sequential) 1 0.8
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Table 2. Demographic, clinical, and laboratory findings of the patients having a patent (group A) or occluded

(group B) saphenous vein graft

Group A (n=53)

Group B (n=72)

n % Mean+SD n % Mean+SD P
Age (years) 65+8 64+9 0.5
Sex 0.16
Male 40 75.5 62 86.1
Female 13 24.5 10 13.9
Hypertension 36 67.9 48 66.7 0.8
Diabetes mellitus 27 50.9 39 54.2 0.8
Smoking 1 20.8 19 26.4 0.5
Family history 20 37.7 30 1.7 0.7
Alcohol 1 1.9 5 6.9 0.2
Waist circumference (cm) 9918 103+14 0.02
Time after CABG surgery (years) 6.8+4.3 8.1+3.7 0.8
Medications
Aspirin 46 86.8 68 94.4 0.2
ACE inhibitor 23 43.4 39 54.2 0.3
Angiotensin Il receptor blocker 7 13.2 9 12.5 0.9
Beta-blocker 42 79.3 58 80.6 0.8
Calcium channel blocker 6 11.3 11 15.3 0.6
Antihyperlipidemic drugs 34 64.2 48 66.7 0.9
Laboratory findings
Glucose (mg/dl) 121+45 129+58 04
Total cholesterol (mg/dl) 171+45 199451 0.001
HDL-cholesterol (mg/dl) 48+14 44+19 0.2
Triglyceride (mg/dl) 133+54 162+84 0.02
Aspartate aminotransferase (U/l) 22+5 23+5 0.2
Alanine aminotransferase (U/l) 22+7 23+7 0.5
Gamma-glutamyltransferase (U/l) 24+10 32+11 <0.001
Alkaline phosphatase (U/l) 169+45 166+38 0.7
Total bilirubin (mg/dl) 0.80+0.30 0.86+0.27 0.2
Direct bilirubin (mg/dl) 0.27+0.19 0.31+0.16 041
Uric acid (mg/dl) 51+1.4 6.3+1.6 <0.001
Fibrinogen (g/1) 2.7+0.8 3.3+1.0 <0.001
High-sensitivity CRP (mg/dl) 0.64+0.66 1.60+1.32 <0.001
White blood cell count (x103/mm?) 7.9+1.7 77817 0.5

assess correlations between serum GGT levels and other
continuous variables. A two-tailed p value of <0.05 was
considered to be statistically significant. Multiple logis-
tic regression analysis was used to evaluate the indepen-
dent predictors of occluded SVGs. Parameters with a
p value of <0.1 in univariate analysis were included in
the model. All computations were performed using the
SPSS 10.0 statistical software package.

RESULTS

Table 1 shows the localizations of SVGs used in
CABG surgery. Only five patients (4%) had SVG for
grafting of the left anterior descending artery (LAD),
in the remaining, the left internal mammary artery
was grafted to the LAD. Saphenous vein grafts were
found to be patent in 53 patients (42.4%) and occluded
in 72 patients (57.6%). Table 2 demonstrates clini-

cal and laboratory characteristics of the two groups.
There were no significant differences between the two
groups with regard to age, gender, presence of hyper-
tension, diabetes mellitus, family history of coronary
artery disease, smoking habit, and alcohol consump-
tion. The mean time from CABG to coronary angiog-
raphy was similar. Waist circumference was greater in
patients with occluded veins (p=0.02). Serum levels of
total cholesterol, triglyceride, uric acid, hs-CRP, and
fibrinogen were significantly higher in group B. The
two groups had similar levels of serum AST, ALT,
ALP, total and direct bilirubin, but the mean serum
GGT level was significantly higher in patients with
occluded SVG. In the whole group, serum GGT level
was moderately but significantly correlated with waist
circumference (r=0.2, p=0.04), serum uric acid (r=0.3,
p=0.008), and hs-CRP (r=0.3, p=0.002).
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Table 3. The predictors of saphenous vein graft occlusion

Odds ratio  95% confidence interval p
Total cholesterol 1.012 1.002 - 1.023 0.03
Triglyceride 1.0 0.993 - 1.006 0.9
Waist circumference 1.018 0.984 - 1.054 0.3
Gamma-glutamyltransferase 1.047 1.002 - 1.1 0.04
High-sensitivity CRP 1.968 1.17 - 3.311 0.01
Fibrinogen 1.235 0.737 - 2.071 0.4
Uric acid 1.57 1.1-2.208 0.01
Time after CABG surgery 1.017 0.906 - 1.143 0.8

In logistic regression analysis, taking the vein
graft occlusion as the dependent variable, total cho-
lesterol (OR=1.012, 95% CI 1.002-1.023, p=0.03),
hs-CRP (OR=1.968, 95% CI 1.17-3.311, p=0.01),
uric acid (OR=1.57, 95% CI 1.1-2.208, p=0.01), and
serum GGT (OR=1.047, 95% CI 1.002-1.1, p=0.04)
levels were found to be significant predictors of SVG
occlusion (Table 3).

DISCUSSION

In selected patients, CABG surgery is an effective
revascularization method, improving cardiac mortal-
ity and morbidity. The benefit of CABG is mainly
drawn by the patency of grafts on both short- and
long terms. Despite higher early and late occlusion
rates, autologous SVGs are widely used in CABG
surgery. Occlusion of SVGs due to atherosclerosis
is expected after a period of one year.'” Therefore,
only patients who had symptoms one year after the
index operation were included in our study in order
to determine the relationship between GGT levels
and atherosclerotic process of SVG. As expected, pa-
tients with occluded grafts had a more atherothrom-
botic risk profile as compared with those with patent
vein grafts. In addition, serum GGT levels were also
significantly higher in patients with occluded vein
grafts despite similar levels of hepatic transaminase
and ALP. Moreover, GGT levels were independently
associated with SVG disease.

In clinical practice, determination of serum GGT
levels is routinely used as a basic biochemical test for
the evaluation of liver function and alcohol consump-
tion. Serum GGT level has been found to be an in-
dependent predictor of mortality from all causes.!""
High serum GGT levels have also been associated
with an increased risk for myocardial infarction and
stroke.""'? These associations were partly explained
by the demonstrated correlations of GGT with various
risk factors in the pathogenesis of cardiovascular dis-
eases, such as hypertension, hyperlipidemia, increased
body mass index, hypertension, insulin resistance, and

type 2 diabetes mellitus."*'® Despite small sample
size of our study group, significant correlations were
noted between serum levels of GGT and various meta-
bolic risk parameters including waist circumference,
uric acid, and hs-CRP levels.

At the cellular level, GGT activity is crucial to
maintain intracellular presence of glutathione (GSH),
which is an important antioxidant for mammalian
cells. Since GSH itself cannot be transported across
the cell membranes, GGT which is a membrane-bound
enzyme, degrades extracellular GSH to its thiol metab-
olites such as cysteinyl-glycine and glutamate. These
degradation products can be transported across the
membrane to the cytoplasm where they are involved
in the GSH synthesis pathway.'”! Despite this role of
intracellular antioxidant mechanisms, thiol metabo-
lites may cause prooxidant effects by generating su-
peroxide anion radicals through their interaction with
free iron?” and may promote LDL oxidation in the
atherosclerotic process. This hypothesis is supported
with the demonstration of dense GGT activity in foam
cells within atherosclerotic plagues.” It has also been
shown that serum GGT forms complexes with several
plasma proteins including lipoproteins. Thus, GGT
adsorbed to circulating LDL may easily diffuse inside
the atherosclerotic plaques.®*" Therefore, the oxida-
tive stress caused by GGT might in part contribute to
the evolution and instabilization process of atheroscle-
rotic plaques. Demonstration of strong GGT activity
within human atherosclerotic plaques supports this as-
sumption.*?? Interestingly, it has been indicated that
history of coronary artery disease further strengthens
the prognostic value of serum GGT activity. Emdin
et al.”®! demonstrated an association between high se-
rum GGT levels and increased risk for cardiovascular
death and nonfatal myocardial infarction in patients
with angiographically documented coronary artery
disease. It seems that serum GGT levels could be
helpful in further stratifying patients with established
coronary artery disease in addition to common ath-
erosclerotic risk factors.?¥ Recent evidence suggests
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that serum GGT activity is also related to neointimal
proliferation of coronary arteries after percutaneous
coronary artery intervention. Ulus et al.”! have shown
a strong association between serum GGT activity and
coronary stent restenosis independent of alcohol con-
sumption. Although the mechanism of stent restenosis
is different, in our study serum GGT activity was also
a significant predictor of SVG occlusion, in addition
to hs-CRP, total cholesterol, and uric acid levels. All
these findings suggest that GGT activity is involved in
various processes of arterial injury and stenosis.

High-sensitivity CRP is a principal inflamma-
tory risk marker of atherosclerosis. It was found to
be an independent predictor of SVG occlusion in our
study. Besides, there was a significant correlation
between serum levels of GGT and hs-CRP. Recent
studies showed an association between serum GGT
activity of normal range and CRP concentrations in
healthy adults.**?¢1 Although these cross-sectional
studies have not yielded a casual consequence of
this relationship, oxidative stress is known to play a
crucial role in chronic inflammatory processes such
as atherosclerosis.””?®) Therefore, it is plausible to
suggest that, as a mediator of oxidative stress, GGT
activity might directly participate in inflammatory
reactions occurring in the evolution of atheroscle-
rotic plaques.

There are some limitations that must be taken into
account in evaluating our results. Firstly, since base-
line GGT levels of most patients were not available
before CABG surgery, it could not be possible to com-
pare baseline and follow-up GGT levels. Such a com-
parison might be more valuable. Secondly, we includ-
ed only patients with stable anginal symptoms and/
or a positive stress test at least one year after CABG
surgery. Therefore, our results might not be applicable
to all CABG patients. Finally, there are so many fac-
tors which may significantly affect serum GGT levels
including age, gender, alcohol consumption, etc. Due
to insufficient number of patients, these factors could
not be analyzed in detail.

In conclusion, our study showed that elevated GGT
levels in patients with CABG, even in normal limits,
were associated with SVG disease and might be a pre-
dictor of SVG occlusion. Based on current data from
our study and epidemiological studies, serum GGT
activity may be included in multifactorial risk algo-
rithms of these post-CABG patients in the future. To
better clarify this issue, randomized studies with high
numbers of patients are required to determine the uni-
versal cut-off values of this parameter.
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