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Abstract

Serum uric acid (SUA) level was shown in various studies to be related to the presence of coronary artery disease and sub-
sequent cardiovascular events. The aim of the present study was to evaluate the association of SUA with SYNTAX score 11
(SSII) and the long-term prognosis of patients with stable angina pectoris who underwent percutaneous revascularization
due to multivessel disease (MVD) and/or unprotected left main disease (UPLMD). Two-hundred and ninety patients with
MVD and/or UPLMD who were treated consecutively with percutaneous coronary intervention (PCI) were included in
the present study. The study population was divided into high SSII (n: 145; SSII> 32.9) and low SSII (n: 145; SSI1 <32.9)
according to the median SSII value. The SUA value was significantly higher in the high SSII group than in the low SSII
group (5.53 £1.95 vs. 6.07 + 1.88; p=0.001) and was found to be an independent predictor of high SSII (OR 1.306; 95% CI
1.119-1.525; p=0,001). Twenty-eight patients (9.7%) died during the long-term follow-up, and SUA and SSII were addi-
tionally found to be independent predictors of long-term mortality (HR 1.245, 95% CI 1.046-1.482, p=0.014; HR 1.042,
95% CI 1.007-1.079, p=0.018, respectively). In the present study, SUA level was demonstrated to be associated with high
SSII and long-term mortality in patients with MVD and/or UPLMD who were treated with PCI.

Keywords Serum uric acid - SYNTAX score II - Long-term mortality - Stable angina pectoris - Multivessel disease -
Unprotected left main disease - Percutaneous coronary intervention

Introduction

Serum uric acid (SUA) is the end-product of endogenous
and exogenous purine metabolism. UA appears to be a proin-
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flammatory marker and has been shown to induce the release
of IL-1p, IL-6, TNF-a, and MCP-1 [1, 2] and to stimulate
oxidative stress, endothelial dysfunction, and vasoconstric-
tion [3]. Its inflammatory role in the pathophysiology of
atherosclerosis was previously shown [4]. The relationship
between SUA and the presence of coronary artery disease
(CAD) and subsequent cardiovascular events was also dem-
onstrated in various studies [5—7]. Furthermore, SUA was
shown to be associated with SYNTAX score (SS), which
indicates the severity of CAD according to the number of
lesions as well as their functional effects, location, and com-
plexity [8, 9]. In addition, the association of SUA with SYN-
TAX score IT (SSII), was reported to have a better predictive
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performance in terms of prognostic accuracy compared to
SS, [10, 11] and the long-term prognosis of patients with
multivessel disease (MVD) and/or unprotected left main
disease (UPLMD) who have undergone successful percuta-
neous revascularization is unclear.

The purpose of this study was to investigate the relation-
ship between SUA and SSII and to determine the effect of
SUA levels on long-term prognosis in patients with complex
CAD who have undergone successful percutaneous coronary
artery intervention.

Methods
Study design and population

A total of 331 patients with stable angina pectoris who
were evaluated by stress imaging tests and who underwent
coronary angiography and subsequent percutaneous coro-
nary intervention (PCI) from January 2014 to June 2015
in our clinics, Turkey, were retrospectively enrolled in the
study. All study subjects had newly diagnosed MVD and/
or UPLMD and had undergone PCI based on the decision
of the heart team. In addition, all subjects enrolled in this
study were completely revascularized and had a post PCI
residual SS of zero. A total of 41 patients were excluded for
various reasons: 5 patients died during the procedure; 12
patients referred to elective CABG were excluded because of
the failure of PCI; and 24 patients had inconclusive clinical
data from hospital files and computer records, so the SSII
was unable to be calculated. The remaining 290 patients
who were successfully treated with PCI constituted the study
population. All PCIs were performed by two experienced
senior interventionalists using standard practices in our
Catheter Laboratory (femoral access). Interventional strat-
egies such as stent selection and medical treatment were
left to the discretion of the treating operator. Angiographic
success was defined as a residual stenosis of less than 20%
in the presence of TIMI 3 flow. Hospital records indicated
that all patients were treated according to current guidelines
and standard CAD treatment, including aspirin, clopidogrel,
enoxaparin or unfractionated heparin, beta-blockers, angi-
otensin-converting enzyme inhibitors or angiotensin recep-
tor blockers, and statins. The standard drug regimen after
discharge is aspirin, clopidogrel, angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker, B-blocker,
statin therapy, and spironolactone according to the New
York Heart Association functional class or left ventricular
ejection fraction (LVEF). Long-term follow-up data on the
patients were gathered from follow-up visits, in-hospital
records, or telephone calls. To determine the current status
of patients who could not be reached by telephone, records
from the Birth Registration Office and Statistical Institute
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were thoroughly examined. The study protocol was reviewed
and approved by the Local Ethics Committee of Kafkas Uni-
versity in accordance with the Declaration of Helsinki.

Data collection

Baseline clinical and demographic characteristics and
patients’ medical history were obtained from hospital
records. Complete blood counts and blood biochemical
parameters were measured in all patients on admission.
Estimated glomerular filtration rate (¢GFR) was determined
using the Cockroft—Gault formula from blood samples
obtained on admission. LVEF was assessed using a modified
Simpson’s method. SUA plasma concentrations were meas-
ured using a Roche Diagnostics Cobas 8000 c502 analyzer
according to manufacturer protocol.

Angiographic analysis

All patients underwent selective coronary angiography using
the Judkins percutaneous transfemoral technique. Coronary
angiograms were digitally recorded for quantitative analy-
sis (Dicom-viewer; MedCom GmbH, Darmstadt, Germany).
Digital angiograms were then analyzed by two independ-
ent and experienced interventional cardiologists who were
blinded to all data. In case of disagreement, the final deci-
sion was made by consensus with a third independent cardi-
ologist. Each lesion with a diameter of > 1.5 mm and >50%
stenosis was scored using the online SS Calculator, version
2.1 [9, 12]. SSII was calculated using an online calculator
considering two anatomical variables (SS and LMCA dis-
ease) and six clinical variables (age, gender, chronic obstruc-
tive pulmonary disease [COPD], peripheral arterial disease
[PAD], and creatinine clearance [LVEF]) [13].

Statistical analysis

SPSS version 22.0 (Inc, Chicago, Illinois) was used for sta-
tistical analysis. Given the data distribution characteristics
and normality, means (+ standard deviation) or medians
(0.25-0.75 percentile) were used to express continuous vari-
ables, and #-tests or Mann—Whitney U-tests were performed
for group comparisons. Categorical variables were reported
as numbers (percentages) and compared to the Fisher exact
or X2 test. Pearson coefficients were calculated to assess cor-
relations between continuous variables. The Kaplan—-Meier
method was used to generate event-free survival curves, and
the log-rank test was used to compare the difference in sur-
vival between SSII and SUA. Univariate and multivariate
Cox proportional hazards analysis was used to identify risk
factors for all-cause mortality. The receiver operating curve
(ROC) was utilized to derive the cut-off values of SSII and



The International Journal of Cardiovascular Imaging (2019) 35:1-7

SUA for predicting all-cause mortality. A p-value of < 0.05
indicated statistical significance.

Results

The study population consisted of 290 stable angina patients
who had MVD and/or UPLMD (mean age: 62 + 11 years;
80.3% males) and had undergone PCI. The mean SUA level
was 5.66 + 1.85. The mean SS score was 31.78 +13.19, and
the mean SSII was 34.09 4+ 10.02. The SSII of the patients
ranged from 12.13 to 64.74 (median 32.9). The patients
were divided into two groups according to the median SSII
value: (a) low SSII (145 patients; SSII <32.9) and (b) high
SSII (145 patients; SSII> 32.9). SUA level was significantly
higher in patients with high SSII compared to patients with

lower SSII (6.07 +1.88 vs. 5.53 +£1.95; p=0.001). Patients
with high SSII were older, had a more frequent history of
hypertension (HT), PAD, and COPD, and also had a higher
percentage of LMCA disease and MVD compared to those
with low SSII. Furthermore, compared to patients with lower
SSII, patients with high score had a higher body mass index,
higher SS, and lower eGFR. Demographic, clinical, labora-
tory, and coronary angiographic characteristics of patients
with high SSII, patients with low SSII, and all patients are
listed in Table 1.

Multivariate logistic regression analysis was used to
determine the independent predictors of high SSII. Body
mass index, HT, prior usage of angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker, and
SUA levels were found to be independent predictors of high
SSII (Table 2).

Table 1 Demographic, clinical, laboratory, and coronary angiographic characteristics of patients with high SSII, patients with low SSII, and all

patients

Syntax II tertiles

All patients SSII low group SSII high group P value

(SSII<32.9; n = 145) (SSII>32.9; n = 145)

Age (years) 62.22+10.96 57.78+11.02 66.66 +8.94 <0.001
Male—Gender, n (%) 233.00 (80.3) 136.00 (93.8) 97.00 (66.9) <0.001
Body mass index (kg/m?) 27.23+3.33 26.76+3.10 27.70+3.50 0.007
Diabetes mellitus, n (%) 68.00 (23.4) 33.00 (22.8) 35.00 (24.1) 0.782
HT, n (%) 128.00 (44.1) 46.00 (31.7) 82.00 (56.6) <0.001
PAD, n (%) 41.00 (14.1) 3.00 (2.1) 38.00 (26.2) <0.001
COPD, n (%) 143.00 (49.3) 52.00 (35.9) 91.00 (62.8) <0.001
Smoking, n (%) 94.00 (32.4) 54.00 (37.2) 40.00 (27.6) 0.080
ACEi or ARB, n (%) 83 (28.6) 38 (26.2) 45.00 (31.0) 0.092
CCB, n (%) 26.00 (9.0) 9.00 (6.2) 17.00 (11.7) 0.101
p-Blocker, n (%) 21.00 (7.2) 8.00 (5.5) 13.00 (9.0) 0.258
Statin, n (%) 48.00 (16.6) 17.00 (11.7) 31.00 (21.4) 0.027
ASA, n (%) 48.00 (16.6) 17.00 (11.7) 31.00 (21.4) 0.027
LVEF (%) 47.75+10.35 48.63+10.12 46.88 +£10.54 0.155
Glucose (mg/dl) 114.78 +46.69 117.51£47.91 112.06 +45.44 0.368
Creatinine (mg/dl) 1.02+0.58 0.85+0.19 1.18+0.76 <0.001
eGFR (ml/min) 89.70+33.08 105.88 +£28.83 73.53+£28.95 <0.001
Hemoglobin (g/dl) 14.35+12.65 13.26+2.63 15.43+5.70 0.018
WBC Count (10%/ul) 9.22+3.14 9.07+2.82 9.37+3.43 0.961
C-reactive protein (mg/dl) 20.95 (8.96-31.80) 11.2 (7.46-28.50) 18.2 (7.94-31.20) 0.085
SUA level (mg/dl) 5.80+1.93 5.53+1.95 6.07+1.88 0.001
LMCA disease, n (%) 15(5.2) 13 (8.9) 2(1.3) 0.004
MVD, n (%) 284 (97.9) 139 (95.9) 145 (100.0) 0.013
Number of stents/per vessel 2(2-3) 2(2-3) 324 <0.001
Number of stents/per patients 6 (6-8) 4 (4-6) 6 (4-8) <0.001
Basal SS 31.78+£13.19 26.66+12.97 36.89+11.32 <0.001
Basal syntax II PCI score 34.09+£10.02 25.95+4.59 42.23+6.87 <0.001

COPD chronic obstructive pulmonary disease, PAD peripheral arterial disease, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin
II receptor blocker, CCB calcium channel blocker, ASA acetylsalicylic acid, LVEF left ventricle ejection fraction, eGFR estimated glomerular

filtration rate, WBC white blood cell, LM CA left main coronary artery
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Table 2 Multivariate logistic
regression analysis of high SSII

group

Variable

Univariate analysis of high SSII group

Multivariate analysis of high SSII

group

Odds ratio

95% CI

P value

Odds ratio

95% CI

P value

1.094
2.801
0.800
1.154

Body mass index (kg/m?)
HT

ACEi or ARB

SUA level (mg/dl)

1.015-1.179
1.734-4.526
0.051-0.820
1.022-1.303

0.018
< 0.001
0.032
0.021

1.115
2.466
0.920
1.306

1.021-1.218
1.226-4.960
0.096-0.997
1.119-1.525

0.016
0.011
0.030
0.001

Independent predictors of high SSII are shown with univariate and multivariate p-values; OR was calcu-

lated at a 95% CI

ACEIi angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker
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Fig. 1 ROC graphics to detect best cut off value of SUA for predic-
tion high SSII. The cutoff value of SUA for high SSII prediction was
4.45 with sensitivity of 82% and specificity of 35% (AUC: 0.604,
95% C10.538-0.670; p = 0.001)

Pearson’s correlation analysis showed a positive weak
correlation between SUA levels and SSII and between SUA
levels and SS (p <0.001, r=0.340 and p < 0.001, r=0.240,
respectively). When male and female patients were evalu-
ated separately, a positive correlation between SUA levels
and SSII and between SUA levels and SS was still present
(p<0.001, r=0.336; p<0.001, r=0.245 and p <0.001,
r=0.341; p=0.05, r=0.255, respectively).

An analysis of the ROC curve was performed to deter-
mine the cut-off value of SUA for predicting high SSII
(SSII>32.9). A SUA value > 4.45 yielded an area under the
curve (AUC) of 0.604 (95% CI 0.538-0.670; p=0.001). Fur-
thermore, a SUA value > 4.45 demonstrated a sensitivity of
82% and a specificity of 35% in predicting high SSII (Fig. 1).
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The mean follow-up time was 505 + 13 days. Twenty-
eight patients (9.7%) died during the long-term follow-up.
Patients survivors and non-survivors were compared in
terms of demographic, clinical, laboratory, and coronary
angiographic characteristics (Table 3). Cox regression
analyses were used to identify any association between the
parameters and all-cause long-term mortality. SUA and SSII,
which were associated with death in univariate analysis (HR
1.268, 95% CI 1.070-1.501, p=0.006; HR 1.047, 95% CI
1.012-1.083, p=0.008; respectively), were observed as
independent predictors of long-term mortality in multivari-
ate analysis (HR 1.245,95% CI 1.046-1.482, p=0.014; HR
1.042, 95% CI 1.007-1.079, p=0.018, respectively). The
optimal cut-off value for SUA was 5.7, yielding a sensitivity
of 85.71% and a specificity of 40.46% (AUC: 0.650, 95% CI
0.544-0.757), and for SSII was 30.0, yielding a sensitivity
of 82.14% and a specificity of 57.25% (AUC: 0.673, 95% CI
0.580-0.766) (Fig. 2).

Discussion

Our study demonstrated that SUA level was an independ-
ent predictor of high SSII in patients who underwent PCI
because of multivessel and/or LMCA disease. Additionally,
SUA level was associated with long-term mortality and was
an independent predictor of long-term mortality.

The functional severity as well as the anatomical com-
plexity of CAD are closely correlated with long-term out-
comes [14]. This appears to apply to all patients who have
been diagnosed, monitored by medical treatment, and treated
with invasive therapy [15—17]. On this basis, several angio-
graphic scoring systems have been devised to quantify the
complexity of CAD [18-23]. The SS was recently devel-
oped angiographic scoring systems that indicate the sever-
ity of CAD according to the number of lesions as well as
their localization, functional effects, and complexity [9].
Patients at highest risk of adverse events can be determined
according to the SS score independently of clinical presen-
tation; higher SS scores indicate a worse clinical prognosis
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Table 3 Demographic, clinical, All cause mortality

laboratory, and coronary

angiographic characteristics Patients survivors Patients non-survivors p value

of patients survival and non-

survival Age (years) 61.88+10.84 65.39+11.75 0.079
Male—Gender, n (%) 213 (81.3) 20 (71.4) 0.212
Body mass index (kg/m?) 27.23+3.37 27.25+3.08 0.969
Diabetes mellitus, n (%) 62 (23.7) 6(21.4) 0.791
HT, n (%) 115 (43.9) 13 (46.4) 0.798
PAD, n (%) 38 (14.5) 3(10.7) 0.364
COPD, n (%) 125 (47.7) 18 (64.3) 0.585
Smoking, n (%) 85 (32.4) 9(32.1) 0.096
ACEi or ARB, n (%) 68 (26.0) 6(21.4) 0.974
CCB, n (%) 22 (8.4) 4(14.3) 0.602
B-Blocker, n (%) 19 (7.3) 2(7.1) 0.301
Statin, n (%) 45 (17.2) 3(10.7) 0.983
ASA, n (%) 44 (16.8) 4(14.3) 0.383
LVEF (%) 47.83 (10.0) 47.00 (13.1) 0.735
Glucose (mg/dl) 115.18 (47.23) 111.04 (41.90) 0.973
Creatinine (mg/dl) 0.99+0.48 1.29+1.14 0.653
eGFR (ml/min) 90.16+32.02 85.38+42.15 0.906
Hemoglobin (g/dl) 13.55+2.47 21.74+39.89 0.487
WBC count (10*/ul) 9.16+3.06 9.75+3.80 0.121
C-reactive protein (mg/dl) 19.20 (7.98-31.20) 18.20 (7.88-23.70) 0.342
SUA level (mg/dl) 5.69+1.96 6.79+1.66 0.003
LMCA disease, n (%) 15(5.7) 0(0.0) 0.194
MVD, n (%) 212 (80.9) 25 (89.3) 0.277
Number of stents/per vessel 2 (2-3) 4 (4-4) <0.001
Number of stents/per patients 6 (4-6) 9 (8-12) <0.001
Basal SS 31.45+13.37 34.82+11.07 0.229
Basal syntax II PCI score 33.56+9.83 39.03+10.67 0.009

COPD chronic obstructive pulmonary disease, PAD peripheral arterial disease, ACEi angiotensin convert-
ing enzyme inhibitor, ARB angiotensin II receptor blocker, CCB calcium channel blocker, ASA acetylsal-
icylic acid, LVEF left ventricle ejection fraction, eGFR estimated glomerular filtration rate, WBC white
blood cell, LMCA left main coronary artery, PCI percutaneous coronary intervention

[24]. The findings of the SYNTAX trial, which incorpo-
rated clinical variables (age, gender, presence of COPD and
PAD, eGFR, LVEF) and anatomical variables (SS and pres-
ence of LMCA disease) using a Cox proportional hazards
model, supported the creation of the SSII scoring system
[13]. Campos et al. [10] investigated the predictive perfor-
mance of SSII compared with SS; SSII was found to have
more robust prognostic accuracy in real-world MVD and/or
UPLMD cases. Consistent with the abovementioned studies,
the SSII was found to be an independent predictor of 1-year
mortality in our study.

Although the prognostic effect of SSII has been proven
in previous studies, there is currently no common cut-
off value. For this reason, our patient population was
divided into two groups based on median SSII value to
reveal parameters that could be related to high SSII. For
the first time in the literature, elevated SUA level was

significantly associated with high SSII according to uni-
variate and multivariate analyses. This new observation
could be explained by the close relationship between the
parameters of SSII and those of SUA. The association of
SUA with atherosclerosis and CAD was previously dem-
onstrated [25]. However, there is conflicting information
on the relationship between CAD severity (determined
by different methods) and SUA [26-28]. Similar to the
study conducted by Ekici et al. [29], SUA levels were
associated with SS. Also, prior history of HT and clini-
cal variables of SSII, including age, reduced LVEF, and
presence of COPD, PAD, or impaired renal function have
been associated with elevated SUA. As the present study
population was divided into two groups according to the
best predictive value of SSII, as consistent with previous
studies, high hemoglobin level and reduced eGFR were
also associated with increased SUA level [30-35]. All of
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Fig.2 ROC curves comparison to detect the best parameter in pre-
dicting long-term mortality. A > 5.7 cutoff value of SUA, with sen-
sitivity of 85.71% and specificity of 40.46% (AUC: 0.650, 95% CI
0.544-0.757); SSII > 30.0, with sensitivity of 82.14% and specificity
of 57.25% (AUC: 0.673, 95% CI 0.580-0.766); p = 0.771

the abovementioned factors may contribute to the rela-
tionship between SSII and SUA, supporting the findings
of our study.

One of the most important findings of the present study
was that SUA level was associated with long-term mortality
in PCI-treated patients. Previous studies have shown that
SUA is associated with cardiovascular and all-cause mortal-
ity in patients with stable CAD [5, 36, 37]. However, in this
study, SUA was shown to be associated for the first time with
all-cause long-term mortality in patients with MVD and/or
UPLMD treated with PCI. This result might stem from the
close relationship between SUA and SII variables, including
SS, age, reduced LVEF, and presence of COPD, PAD, and
impaired renal function, which are associated with a worse
prognosis.

Conclusion

The present study is the first to comprehensively evaluate
the relationship between SUA levels and CAD severity using
SSII. SSII was previously associated with a worse prognosis.
In this study, we show that high SUA levels are significantly
related to high SSII, and patients with high SUA levels had
a worse prognosis in the long-term follow-up. Although
our findings indicate that SUA levels can provide impor-
tant prognostic information for patients with MVD and/or
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UPLMD who have undergone PCI, these findings must be
validated in larger population studies.

Limitations

The limitations of this clinical study are its small number
of patients and its retrospective observational nature. Addi-
tional data are needed to better understand the results and
apply them in future treatments.
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