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Abstract

Introduction: Renal  dysfunction  predicts  worse  outcomes  after  ST  elevation  myocardial  infarction  
(STEMI), even if interventional reperfusion therapy is available. The SYNTAX score is an angiographic tool for  
assessing the complexity of coronary artery disease. Higher values correspond to a more affected vasculature  
and are associated with increased complication and mortality rates after primary percutaneous coronary inter-
vention (pPCI).  Kidney dysfunction is more prevalent in patients with stable coronary artery disease and high  
SYNTAX score values. However, this association was not prospectively  studied in STEMI patients undergoing 
pPCI.  Material and methods: All STEMI patients admitted between 2011.01.01-2011.12.31 were included in a  
prospective clinical study. The SYNTAX score was calculated on the basis of emergency coronary angiograms;  
glomerular filtration rate (GFR) was determined according to the Cockroft-Gault equation, using the serum cre-
atinine levels measured at admission. If GFR was <60 ml/min, renal dysfunction was considered. Three different  
SYNTAX score tertiles were defined, with low (<11), medium (11-19.5) and high (≥20) values. Results: GFR and 
SYNTAX score were calculated in 135 of the 137 patients included in the study. Impaired GFR (<60ml/min) was  
found in 36 cases (26.6%). A negative correlation was observed between the GFR and SYNTAX score values (r=-
0.2191, p=0.0107). The GFR was significantly lower in the high SYNTAX score tertile  (p=0.029). In-hospital  
mortality was significantly increased in the high SYNTAX score group (p=0.0397), and also if renal dysfunction  
was present (p=0.0008). Conclusion: renal dysfunction at hospital admission for STEMI is associated with more  
complex coronary artery disease. Both conditions increase in-hospital mortality after pPCI.
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Rezumat

Introducere: disfuncŃia renală prezice rezultate clinice nefavorabile după un infarct miocardic acut cu 
supradenivelare de segment ST (STEMI). Scorul SYNTAX este un instrument angiografic pentru gradarea com-
plexităŃii bolii coronariene. Valorile mari corespund unui pat arterial mai afectat şi se asociază cu creşterea  
complicaŃiilor şi a mortalităŃii după intervenŃia coronariană percutană primară (pPCI). DisfuncŃia renală este  
mai prevalentă la pacienŃii cu boală coronariană stabilă şi valori crescute ale scorului SYNTAX. Această asocie-
re nu s-a studiat însă în mod prospectiv la pacienŃii cu STEMI trataŃi cu pPCI. Materiale şi metode: toŃi pacienŃii  
internaŃi cu STEMI în perioada 01.01.-31.12.2011 s-au inclus într-un studiu clinic prospectiv. Scorul SYNTAX s-
a calculat pe baza coronarografiei de urgenŃă, iar rata filtrării glomerulare (GFR) conform ecuaŃiei Cockrof-
t-Gault, din valoarea creatininei serice, măsurată la internare. DisfuncŃia renală a fost definită printr-o valoare  
a GFR de <60ml/min. PacienŃii s-au împărŃit în trei loturi în funcŃie de valoarile mici (<11), medii (11-19.5) şi  
crescute (≥20) ale scorului SYNTAX. Rezultate: GFR şi scorul SYNTAX s-a calculat la 135 din cei 137 de pacie-
nŃi incluşi. DisfuncŃia renală s-a observat în 36 cazuri (26.6%). Am găsit o corelaŃie negativă între GFR şi scorul  
SYNTAX (r=-0.2191, p=0.0107); GFR a fost semnificativ redusă în lotul cu scor SYNTAX crescut (p=0.0294).  
Mortalitatea intraspitalicească  a fost  semnificativ  mai  mare în  grupul  pacienŃilor  cu scor  SYNTAX crescut  
(p=0.0397) şi în cazul disfuncŃiei renale (p=0.0008). Concluzii: prezenŃa disfuncŃiei renale în momentul internă-
rii pentru STEMI se asociază cu boală coronariană mult mai complexă. Ambele condiŃii cresc mortalitatea in-
traspitalicească după pPCI. 

Cuvinte cheie: scor SYNTAX, infarct mocardic acut, rata filtrării glomerulare
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Introduction

The negative impact of impaired kidney 
function on clinical outcomes after acute coron-
ary syndromes is well documented (1-9). Even 
mild to moderate impairment of the glomerular 
filtration rate predicts a higher risk of complica-
tions, including major bleeding and a three to 
five-fold increase in long-term mortality (2, 8). 
The association was described before the era of 
primary  percutaneous  coronary  intervention 
(pPCI) (7), and after emergency interventional 
revascularization  became  a  common  practice 
(2-6, 8,  9).  However,  pPCI is capable to  im-
prove prognosis even in patients  on renal  re-
placement therapy (4) . 

When pPCI is performed, a precise de-
scription of the coronary vasculature is obtained. 
The SYNTAX score is a unique tool which is 
used for  assessing the complexity of  coronary 
artery disease (11). High values of the SYNTAX 
score describe a more affected coronary circula-
tion, and are associated with  higher complica-
tion- and mortality rates after pPCI (12).  Mul-

tivessel coronary artery disease (13), as well as 
kidney dysfunction (3) were found to be linked 
with  impaired  myocardial  reperfusion  after 
pPCI, a possible explanation of the above obser-
vations.  Although  impaired  renal  function  can 
predict higher SYNTAX score values in patients 
with stable coronary artery disease (15, 16), this 
association was not studied in a prospective fash-
ion  in  STEMI  patients  undergoing  pPCI,  in 
which  the  process  of  successful  myocardial 
reperfusion is a primary goal.

Material and methods 

Patients
As  a  part  of  a  prospective  clinical 

study, we analyzed the clinical, laboratory and 
angiographic data of all patients admitted with 
STEMI  in  the  Center  of  Cardiovascular  Dis-
eases, Tîrgu Mureş  between 2011 January 01 
and 2011 December 31. The baseline character-
istics  are  illustrated  in  Table  1.  The  patients 
who met the following inclusion criteria were 
eligible: acute ischemic chest pain lasting ≥30 
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minutes, associated with ≥1 mm ST segment el-
evation in  ≥2 contiguous  electrocardiographic 
leads, pPCI as reperfusion therapy performed in 
the first 24 hours after symptom onset. 

Kidney dysfunction
Renal function was assessed by estim-

ating the glomerular filtration rate from the ser-
um creatinine values determined at hospital ad-
mission. The Cockroft-Gault equation was pre-
ferred for  calculating the GFR (17)  as it  has 
been previously shown to have a higher predict-
ive value when compared to other formulae (9). 
Kidney dysfunction was considered in patients 
with an estimated GFR <60ml/min.

Coronary artery disease
The SYNTAX score was calculated for 

each  patient  on  the  basis  of  the  emergency 
coronary  angiography,  (i.e.  before  performing 
the angioplasty)  using the Version 2.11 of  the 
SYNTAX Score calculator  (available online at 
www.syntaxscore.com).  All  coronary  lesions 
with a diameter stenosis of ≥50% in any artery 
with a diameter of minimum 1.5mm received a 
separate score. A multiplication factor of 2 was 
applied in  case of  stenoses 50-99% and 5 for 
total occlusions. Other adverse lesion character-
istics  (localization  within  the  coronary  artery 
tree, bi- or trifurcation disease, vessel angulation, 

aorto-ostial  localization,  severe  tortuosity, 
long/calcified/thrombotic  lesions  and  “diffuse” 
disease) had an additive value (12, 19, 18). 

Outcomes
In-hospital mortality was registered and 

analyzed according to SYNTAX score tertiles 
and in both patients with and without impaired 
renal function.

Statistical analysis
After  data  collection,  statistical  analysis 

was  performed  using  the  Version  6.01  of  the 
GraphPad Prism software. All variables were strati-
fied according to SYNTAX SCORE tertiles. Dis-
crete data were summarized as frequencies (%), 
parametric  continuous  data  were  expressed  as 
mean ± standard deviation, whereas  nonparametric 
continuous data were expressed as median. Gaussi-
an  distribution  was  evaluated  with  the 
Kolmogorov-Smirnov  test.  The  Chi-square  test 
(categorical variables), ordinary analysis of vari-
ance (ANOVA, for  parametric,  continuous vari-
ables), and the Kruskal-Wallis test with the Dunn’s 
multiple  comparisons  post-test  (nonparametric, 
continuous variables) were used to analyze the dif-
ferences between the 3 study groups. The relation 
between the SYNTAX score and GFR was also 
tested using Spearman correlation analysis. In-hos-
pital mortality was analyzed with the help of the 
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Table 1. Baseline characteristics of the enrolled patients

Age (years±SD) 61.4±11.4
Male 88 (65.1)
History of hypertension 91 (67.9)
History of diabetes mellitus 29 (21.8)
History of dyslipidemia 67 (52.7)

Current smoking 63 (47.3)
BMI (kg/m2) 27.7±4.4
Killip class >1 25 (18.5)
Anterior STEMI 55 (40.7)
LVEF (%, median) 40
Ischemic time (hours, median) 5

Values are N (%), unless otherwise stated. BMI=body mass index; SD=standard deviation; STEMI=ST segment eleva-
tion myocardial infarction.
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chi-square test. A probability value of <0.05 was 
considered significant; all tests were two-tailed.

Results 

One hundred and thirty-seven patients 
fulfilled  the  inclusion  criteria  during  the  en-
rolling period; 135 of them were included in the 
present substudy (missing data in two cases). 

Calculated  SYNTAX  scores  ranged 
between 3 and 42 with a non-Gaussian distribution 
(median=16). The three patient groups defined ac-
cording to complexity of the coronary morphology 
were homogenous with regard to age, sex, duration 
of the ischemic time, history of hypertension, dia-

betes mellitus and dyslipidemia. However, in the 
case of higher SYNTAX score values patients tend 
to be older (p=0.0676) and to  have high blood 
pressure in clinical history (p=0.0736). We found 
significant difference between the SYNTAX score 
tertiles  regarding  the smoking  status  (more  fre-
quent at lower scores), clinical signs of heart failure 
at admission (Killip class >1), anterior location of 
the infarction and impaired left ventricular ejection 
fraction – the three last conditions being more fre-
quent  in  patients  with  higher  SYNTAX scores. 
Characteristics of the three patient groups are sum-
marized in Table 2. 

The  estimated  GFR  values  ranged 
between 9 and 214.5ml/min, with nonparamet-
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Table 2. Characteristics of the three different patient groups

SYNTAX score tertiles
(values)

Low
(<11)

Medium
(11-19.5)

High
(≥20)

p
(test)

Age (years±SD) 58.4±13.2 61.8±10.7 64.0±9.7
0.0676

(ANOVA)

Male 29 (64.4) 31 (70.4) 28 (60.8)
0.6292

(Chi-square)

Hypertension 26 (57.7) 29 (65.9) 36 (80.0)
0.0736

(Chi-square)

Diabetes mellitus 9 (20) 9 (20.4) 11 (25)
0.8202

(Chi-square)

Dyslipidemia 18 (42.8) 26 (60.4) 23 (56)
0.2400

(Chi-square)

BMI, kg/m2 (mean±SD) 27.28±4.9 27.30±3.5 28.54±4.6
0.2991

(ANOVA)

Current smoking 28 (63.6) 20 (45.4) 15 (33.3)
0.01581

(Chi-square)

Killip class >1 4 (8.8) 5 (11.3) 16 (34.7)
0.00212

(Chi-square)

Anterior location of STEMI 7 (15.5) 23 (52.2) 25 (54.3)
0.00013 

(Chi-square)

LVEF at admission (%, median) 45 41 36
0.00012

(Kruskal-Wallis)

Ischemic time (hours, median) 5.5 4.75 5.5
0.5752

(Kruskal-Wallis)

Significant differences are  present as follows:  1between low and high;  2between low vs. high and medium vs. high. 
3between  low  vs.  medium  and  low  vs.  high  SYNTAX  score  tertiles.  Values  are  N  (%),  unless  otherwise  stated. 
ANOVA=analysis of variance;  BMI=body mass index;  LVEF=left  ventricular  ejection fraction;  SD=standard deviation; 
STEMI=ST segment elevation myocardial infarction.



Revista Română de Medicină de Laborator Vol. 20, Nr. 4/4, Decembrie 2012

ric  distribution  and  a  median  value  of  82.6. 
Kidney dysfunction (GFR <60ml/min) at hos-
pital  admission was present in 36 (26.6% of) 
the patients. The GFR values were significantly 
increased  in  the  low  SYNTAX  score  tertile 
(median GFR in case of  low vs. medium vs. 
high  complexity  of  coronary  artery  disease: 
90.9ml/min  vs.  85.2ml/min  vs.  70.1ml/min, 
p=0.0294, Figure 1), and Spearman correlation 
analysis  showed  an  inverse  relationship 
between the absolute values of GFR and SYN-
TAX score (r=-0.2191, p=0.0107).

In-hospital  mortality  was  significantly 
increased in case of high SYNTAX score val-
ues (mortality in low vs. medium vs. high SYN-
TAX score groups: 6.66% vs. 4.54% vs. 19.5%, 
p=0.0397, Figure 2) and also in the presence of 
renal  dysfunction  (mortality  in  subjects  with 
GFR  <60ml/min  vs.  ≥60ml/min:  25.0%  vs. 
5.0% p=0.0008, Figure 3).

Discussion

Renal dysfunction is an important issue 
of pPCI, not only due to the possible negative ef-
fects of the contrast media administered during 
the  procedure  itself,  but  also  because  an-

giographic and clinical  outcomes after  STEMI 
are worse in the presence of this condition, with 
and without reperfusion therapy (1-9). The post-
procedural myocardial perfusion was found to be 
impaired in the case of elevated serum creatinine 
levels on admission (3), partially explaining the 
observed higher  mortality.  On the other  hand, 
there is a known association between multivessel 
coronary  artery  disease  and  poor  myocardial 
reperfusion after  pPCI (13).  Whereas the term 
“multivessel” describes only the simple fact that 
more than one coronary artery is significantly af-
fected  by  atherosclerosis,  the  SYNTAX score 
provides  a  more  complete  definition  of  the 
coronary  artery  disease  (11).  Originally  de-
veloped to assess the lesions of stable patients, 
the score was recently evaluated in non-STEMI 
and STEMI cases, and a significant impact on 
short- and long term clinical outcomes (death, 
reinfarction and target vessel revascularization) 
was  described  (12,  19),  as  confirmed  by  the 
higher in-hospital mortality rates observed in our 
population. The same works evidenced a negat-
ive relationship between the left ventricular ejec-
tion fraction and the SYNTAX score values. This 
explains the higher incidence of anterior-wall in-
farction and congestive heart failure in these sub-
sets. Kidney dysfunction is a predictor of higher 
SYNTAX score values in stable coronary artery 
disease (15, 16). However, this association prob-
ably occurs due to other reasons than the athero-
sclerotic  burden  “per  se”:  a  meta-analysis  of 
coronary intravascular ultrasound studies found 
no association between impaired GFR and pro-
gression rates of total atheroma volume and per-
cent atheroma volume (20). In the case of acute 
infarction, the patient’s prognosis is highly de-
pendent on successful reperfusion too. The exact 
pathophysiological  mechanism  responsible  for 
impaired reperfusion in the presence of renal in-
sufficiency is unknown. However, this last con-
dition at admission can reflect mechanisms like 
low cardiac  output  and subsequently  impaired 
myocardial and renal blood flow (3). Processes 
like  endothelial  dysfunction,  oxidative  stress, 
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Figure 1. Glomerular filtration rates (GFRs)  in 
different  SYNTAX  score  groups. A  significant 
difference  is  noted  between  the  median  GFRs 
calculated in low vs.  high SYNTAX score tertiles 
(*p=0.0294,  Kruskal-Wallis  test  with  Dunn’s 
multiple  comparisons).  The  plotted  values  are 
medians+interquartile range.
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pro-inflammatory  and  pro-coagulation  condi-
tions may have an additional role, as they were 
found to be associated with high serum creatin-
ine concentration (1, 21-23). 

Our  findings  confirm  that  there  is  a 
gradual, negative correlation between the com-
plexity of the coronary artery disease and the 
estimated GFR. This probably contributes to the 
increased mortality  rates  observed  in  patients 
with acute STEMI and renal dysfunction.

Study limitations: The study was elabor-
ated analyzing prospectively an “all-comers” (e.g. 
real-world)  population.  However,  the  research 
was conducted in a single centre which could only 
provide  a  relatively  small  number  of  patients. 
Renal function was only assessed once at hospital 
admission in the majority of the subjects. Con-
sequently,  additional  information  on  further 
(nephrologic/urologic) investigations leading to a 
specific ethiological diagnosis was not available.

Conclusion

Renal dysfunction at hospital admission 
for  STEMI  is  associated  with  more  complex 
coronary  artery  disease.  Both  conditions  in-
crease in-hospital mortality after pPCI.

Acknowledgement

The current research is partially suppor-
ted  by  the  Sectorial  Operational  Programme 
Human  Resources  Development  (SOP HRD), 
financed from the European Social Fund and by 
the Romanian Government  under the contract 
number POSDRU/89/1.5/S/64331.

References

1. Anavekar NS, McMurray JJ, Velazquez EJ, Solomon 
SD, Kober L, Rouleau JL,  et al.  Relation between renal 
dysfunction and cardiovascular outcomes after myocardial 
infarction. N Engl J Med. 2004 Sep;351(13):1285-95
2. Bae EH, Lim SY, Cho KH, Choi JS, Kim CS, Park 
JW, et al. GFR and cardiovascular  outcomes after  acute 
myocardial  infarction:  results  from  the  Korea  Acute 
Myocardial  Infarction Registry.  Am J Kidney Dis. 2012 
Jun;59(6):795-802
3. Zhao L, Wang L, Zhang Y. Elevated admission serum 
creatinine predicts poor myocardial  blood flow and one-
year mortality in ST-segment elevation myocardial infarc-
tion patients  undergoing primary  percutaneous coronary 
intervention. J Invasive Cardiol. 2009 Oct;21(10):493-8
4. Medi C, Montalescot G,  Budaj A,  Fox KA,  López-
Sendón J, FitzGerald G, et al. Reperfusion in patients with 
renal dysfunction after presentation with ST-segment elev-
ation or  left  bundle branch block:  GRACE (Global  Re-
gistry of Acute Coronary Events). JACC Cardiovasc In-
terv. 2009 Jan;2(1):26-33

368

Figure  2.  In-hospital  mortality  according  to  the 
SYNTAX  score  tertiles.  Although  there  was  no 
difference  between  mortality  rates  in  the  low  and 
medium  SYNTAX  score  groups,  the  number  of 
deaths  was  significantly  more  elevated  in  the  high 
SYNTAX score tertile (p=0.0397, Chi-square test). 

Figure 3. In-hospital mortality in acute myocardial 
infarction  patients  with  and  without  impaired 
glomerular filtration rates (GFR).  Significantly more 
subjects died if renal dysfunction was present (p=0.0008, 
Chi-square test).



Revista Română de Medicină de Laborator Vol. 20, Nr. 4/4, Decembrie 2012

5. Saltzman AJ, Stone GW, Claessen BE, Narula A, Le-
on-Reyes S, Weisz G, et al. Long-term impact of chronic 
kidney  disease  in  patients  with  ST-segment  elevation 
myocardial  infarction treated with  primary  percutaneous 
coronary intervention: the HORIZONS-AMI (Harmoniz-
ing Outcomes With Revascularization and Stents in Acute 
Myocardial  Infarction)  trial.  JACC  Cardiovasc  Interv. 
2011 Sep;4(9):1011-9
6. Kim JY, Jeong MH, Ahn YK, Moon JH, Chae SC, 
Hur SH, et al. Decreased Glomerular Filtration Rate is an 
Independent Predictor of In-Hospital Mortality in Patients 
With ST-Segment Elevation Myocardial Infarction Under-
going  Primary  Percutaneous  Coronary  Intervention. 
Korean Circ J. 2011 Apr;41(4):184-90
7. Gibson  CM,  Pinto  DS,  Murphy  SA,  Morrow  DA, 
Hobbach HP, Wiviott SD, et al. Association of creatinine 
and creatinine clearance on presentation in acute myocar-
dial infarction with subsequent mortality. J Am Coll Car-
diol. 2003 Nov 5;42(9):1535-43
8. Sadeghi HM, Stone GW, Grines CL, Mehran R, Dix-
on SR, Lansky AJ, et al. Impact of renal insufficiency in 
patients undergoing primary angioplasty for acute myocar-
dial infarction. Circulation. 2003 Dec 2;108(22):2769-75
9. Tomaszuk-Kazberuk A, Kozuch M, Malyszko J, Ba-
chorzewska-Gajewska H, Dobrzycki S, Musial WJ. Which 
method of GFR estimation has the best prognostic value in 
patients  treated  with  primary  PCI:  Cockcroft-Gault  for-
mula,  MDRD,  or  CKD-EPI  equation?--A  6-year  fol-
low-up. Ren Fail. 2011;33(10):983-9
10. Parikh PB, Jeremias A, Naidu SS, Brener SJ, Lima 
F, Shlofmitz RA,  et al. Impact  of severity of renal dys-
function on determinants of in-hospital  mortality among 
patients  undergoing  percutaneous coronary  intervention. 
Catheter Cardiovasc Interv. 2012 Sep 1;80(3):352-7
11. Sianos G,  Morel MA,  Kappetein AP, Morice MC, 
Colombo A, Dawkins K, et al. The SYNTAX Score: an 
angiographic  tool  grading  the  complexity  of  coronary 
artery disease. EuroIntervention. 2005 Aug;1(2):219-27
12. Garg S, Sarno G, Serruys PW, Rodriguez AE, Bo-
lognese L, Anselmi M, et al. Prediction of 1-year clinical 
outcomes using the SYNTAX score in patients with acute 
ST-segment  elevation  myocardial  infarction  undergoing 
primary percutaneous coronary intervention: a substudy of 
the STRATEGY (Single High-Dose Bolus Tirofiban and 
Sirolimus-Eluting Stent Versus Abciximab and Bare-Met-
al  Stent  in  Acute  Myocardial  Infarction)  and 
MULTISTRATEGY  (Multicenter  Evaluation  of  Single 
High-Dose Bolus Tirofiban Versus Abciximab With Sir-
olimus-Eluting  Stent  or  Bare-Metal  Stent  in  Acute 
Myocardial Infarction Study) trials. JACC Cardiovasc In-
terv. 2011 Jan;4(1):66-75
13. Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zi-
metbaum P, Costantini C, et al. Impact of multivessel dis-

ease on reperfusion success and clinical outcomes in pa-
tients undergoing primarypercutaneous coronary interven-
tion for  acute myocardial  infarction.  Eur  Heart  J.  2007 
Jul;28(14):1709-16
14. Celik T, Iyisoy A, Yuksel CU, Kilic S, Yilmaz MI, 
Akgul EO, et al. Impact of admission glomerular filtration 
rate  on  the  development  of  poor  myocardial  perfusion 
after  primarypercutaneous  intervention  in  patients  with 
acute  myocardial  infarction.  Coron  Artery  Dis.  2008 
Dec;19(8):543-9
15. Yan LQ, Guo LJ, Zhang FC, Gao W. The relation-
ship  between  kidney  function  and  angiographically-de-
rived  SYNTAX  score.  Can  J  Cardiol.  2011  Nov-
Dec;27(6):768-72.
16. Coskun U, Orta Kilickesmez K, Abaci O, Kocas C, 
Bostan C, Yildiz A, et al. The relationship between chron-
ic kidney disease and SYNTAX score. Angiology. 2011 
Aug;62(6):504-8
17. Cockcroft  DW, Gault MH. Prediction of creatinine 
clearance from serum creatinine. Nephron. 1976;16(1):31-
41
18. Serruys PW, Morice MC, Kappetein AP, Colombo 
A, Holmes DR, Mack MJ, et al Percutaneous coronary in-
tervention  versus  coronary-artery  bypass  grafting  for 
severe  coronary  artery  disease.  N  Engl  J  Med.  2009 
Mar;360(10):961-72
19. Palmerini  T,  Genereux  P,  Caixeta  A,  Cristea  E, 
Lansky A, Mehran R, et al. Prognostic value of the SYN-
TAX score in patients with acute coronary syndromes un-
dergoing  percutaneous  coronary  intervention:  analysis 
from the ACUITY (Acute Catheterization and Urgent In-
tervention Triage StrategY) trial. J Am Coll Cardiol. 2011 
Jun;57(24):2389-97
20. Nicholls SJ, Tuzcu EM, Hsu A, Wolski K, Sipahi I, 
Schoenhagen P, et al. Comparison of coronary atheroscler-
otic volume in patients with glomerular filtration rates < or 
= 60 versus > 60 ml/min/1.73 m(2): a meta-analysis of in-
travascular  ultrasound studies. Am J Cardiol.  2007 Mar 
15;99(6):813-6
21. Becker BN, Himmelfarb J, Henrich WL, Hakim RM. 
Reassessing the cardiac risk profile in chronic hemodialys-
is patients: a hypothesis on the role of oxidant stress and 
other non-traditional cardiac risk factors. J Am Soc Neph-
rol. 1997 Mar;8(3):475-86
22. Dohi Y, Ohashi M, Sugiyama M, Takase H, Sato K, 
Ueda R. Circulating thrombomodulin levels are related to 
latent  progression of atherosclerosis in  hypertensive  pa-
tients. Hypertens Res. 2003 Jun;26(6):479-83
23. Naito K, Anzai T, Yoshikawa T, Anzai A, Kaneko 
H, Kohno T, et al. Impact of chronic kidney disease on 
postinfarction  inflammation,  oxidative  stress,  and  left 
ventricular remodeling. J Card Fail. 2008 Dec;14(10):831-
8

369


