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HayuMo-nCLNegoBaTENBCKMA MHCTUTYT KOMANEKCHBIX npobnem cepReYHo-COCYAMCTHIN
3abonesannin, Kemepoao, Poccua

Preoperative renal dysfunction is associated
with an adverse in-hospital and long-term
outcome after cabg surgery

[peponepaunorHaa noveuHas AuchyHKUMA CBA3AHA

C HeBNAroNPUATHLIM FOCNMTANBHLIM W OTAANEHHBIM MCXOO0N
NOCNE A0PTOKOPOHAPHOIO WYHTMPOBaHKA

Abstract

We carried out this study with the aim to compare the prevalence of an adverse in-hospital and
long-term outcome after coronary artery bypass graft (CABG) surgery in patients with and without
preoperative renal dysfunction [RD, defined as glomerular filtration rate (GFR) <60 mlimin. 1 73 mi),
We recruited 720 consecutive Caucasian (Russian) patients who underwent CABG surgery in 2011-
2012, Before the surgery, we measured serum creatinine concentration along with the caiculation
of GFR (MDRD formula) and risk of hospital death (EuraSCORE). Preoperative GFR<80 mi/min/1.73
m? was significantly associated with a higher prevalence of hemodynamically significant (250%)
stenosis of extracranial arteries and lower extremity arteries, adverse in-hospital cardiovascular and
renal cutcomes compared to GFR 260 ml/min/1.73 m’, Alter one year of follow-up, preoperative
GFR<60 mi/min/1.73 m* was significantly associated with a recurrent angina and progression of
chronic heart fallure. In addition, combined adverse outcome after one year of follow-up was sig-
nificantly more frequent in a medium risk group (EurcSCORE 3-5) with a precperative GFR<&0 mi/
min/1.73 m* Therefore, RD is significantly associated with an adverse in-hospital and long-term out-
come after CABG surgery.

Keywords: CABG surgery, renal dysfunction, glomerular filtration rate, prognosis, adverse outcome

Peziome

NaHHo® WEENeaonaHIUe BNG NPORBARHO ¢ LENLID CPABHEMHA PACNPOCTPAMENHOCTH nefinarenpu-
ATHOMD FOCNMTANEHOND W OTOANEHHOrD WCXOAA NOCNE A0DTOKOPOHADHON WYWTHROBAMKA (AKD) y
NauneHTos C W Bes noveunon aucdyHrurn [N, onpenenseman Kak CROPOCTE KAyBONKOB0H SMnb-
Tpaynn [CKD) <60 mn/mian/1,73 m'). B ncenegosarve sowne 720 naynentos, nogseprwmxcn AKL
8 2011-2012 rr; go nposenerA AKLL WIMEDANCA YDOBEHD KPEATUHWMA B CHBODOTEE M PaCCYM T
panace CKD (dopmyna MDRD) amecTe C pUCKOM rocNUTansHOM netansHocTy (EuraSCORE). Npego-
nepayvonran CKD <60 ma/mun/ 1,73 m? Goina CTATMCTHYECKH IHAYHMME ACCOLUMMPOBAHA C NOBBILISH-
HOWA PACNPOCTRAHEHHOCTI0 MEMOAMHAMUYECKN IHANMMBIX (250%) CTEHOIOB IKCTDAKDAHMANBHBIX
APTEPUA W ADTEDHA HHKHUX KOHEUHOCTEN, & TAKME HEBNATONDUATHBEIM CEpQEUHO-COCYAMCTEIM 1
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NIPeAoNEPIUMDHHAR NOYEuRIR JNCOYHRUWR CBRIANE C neBnaronDiaTeem FOomMTan b
A OTOARE RN M MCXO00M NOCNE A0PTORODORIDHOMND WYHTHDOBAHAE

ro roaa Habmopenwa npegonepauwonsan CKD <60 mn/mits/ 1,73 m? Boina CTATMCTHYECHI IHANAMO
ACCOUMMPOBAHA ¢ BO300HOBNEMMEM NDMCTYNOB CTEHOKAPAWKM M NPOTPECCUPOBAHVEM XPOHNYE
CHOW CEpARYHOR HEADLTATOUHOCTI. KpOME TOro, KoMBUHWPOBAHHLIN HEONATONPUATHEIM MCXO NO-
' e QQHoro roga HabnKOoeHHa CTATHCTMYEC KM AHANMMO Hale BLTREYANCA B rpYNNe CPeaHero prucKa
i (EuroSCORE 3-5) ¢ npegonepayvonmon CRO <60 ma/miq: 1,73 m. Takum obpazom, NI cTarncTrue

CEM FHAIUMMO 3CCOUMHPOBAKA ¢ HeDAAroNDHATHEM MCIUTANEHEIM ¥ OTAINSHHBIM HEX0A0M NOCNE
AKLL, ‘

i

;
q NOYBUHBIM MCXOLOM H FOCAMTANBHOM 3TaNE B cpareHni ¢ CHD =60 mn/miun 1,73 wé. Moche ofno-
|
I

Knwyesbie cNOBA: ACPTOKODOMADHO® WYHTHDOBAMWE, NOUSUHARA AMCHYHRLAA, CROPOCTE KNYHOoY-
KOBOW GUABTRALWY, NPOrHO3, HEBRAroNDUATHHMN WCXOR.

e e L R

B INTRODUCTION

According to the World Health Organization estimates, cardiovasiu-
lar disease (CVD) is responsible for an almost one-third (17.5 million) of all
deaths worldwide [1, 2]). Coronary artery disease (CAD) and stroke, in turn,
are respansible for 7.4 million and 6.7 million of deaths, respectively, out of
these 17.5 million [1, 2. Coronary artery bypass graft (CABG) surgery effi-
ciently improves a quality of life and even prognosis in patients with CAD [3]
Age, past medical history of myocardial infarction and stroke, reduced left
ventricular gjection fraction, arterial hypertension, peripheral artery disease,
and diabetes mellitus are predictors of adverse outcome after CABG surgery
but patients with renal dysfunction (RD) are often excluded from the large
clinical studies on CVD (3], Howaever, RD may possess particular predictive
significance due to its association with increasing age and a growing num-
ber of elderly patients [4, 5. 1t is known that RD is assoclated with an adverse
outcome in patients with CAD [6]; however, its prognostic significance in pa-
tients undergoing CABG surgery is still under discussion. We performed this
study to clarify this issue.

e i ik e o oL L

B MATERIALS AND METHODS

We recruited 720 consecutive Caucasian (Russian) patients who under-
went CABG surgery in Research Institute for Complex Issues of Cardiovascu-
lar Diseases (Kemerovo, Russia) from March 2011 till April 2012, The study
was performed in accordance with the principles of Good Clinical Practice .
and the Declaration of Helsinki, was approved by the local ethical commit-
tee, and written informed consent was provided by all the participants after
a full explanation of the study was given to them.

Before the surgery, colour duplex screening of the extracranial arter-
ies (ECA)} and lower extremity arteries (LEA) was performed in all patients
using the cardiovascular ultrasound system Vivid 7 Dimension (General
Electric Healthcare, USA) with a 5.7 MHz linear array transducer (for ECA), a
2.5-3 MHz curved array transducer and a 5 MHz linear array transducer (for
LEA). Arterial stenosis was assessed by B-mode ultrasonography and Dop-
pler ultrasonography. Commeon and internal carotid arteries, vertebral, and
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subclavial arteries were visualized from both sides during the ECA screen-
ng; common and deep femoral arteries, popliteal, anterior and posterior
ubial arteries were visualized from both sides during the LEA screening. An
ntima-media thickness (IMT) of the common carotid artary was measured
n automatic mode (the value <1 mm was considered as normal). Selec-
tive coronary angiography was also performed before the surgery using
GE Healthcare Innova 3100 Cardiac Angiography System [General Electric
Healthcare, USA). Luminal stencsis 250% was defined as @ hemodynami-
cally significant stenosis.

Serum creatinine level (sCr) and glomerular filtration rate |GFR, calcu-
lated by Modification of Diet in Renal Disease (MDRD) formula) were de-
termined 24 hours before and 7 days after the surgery. RD was defined as
GFR<60 ml/min/1.73 m. Risk of death was calculated using the additive
EuraSCORE (7). Patients were classified into the one of the Eura5CORE risk
groups before the operation by a surgeon. Clinicopathological features of
ali patients are represented in the Table 1.

Regarding the drugs, 631 (96.0%) patients were treated by beta-block-
ers, 703 subjects (97.7%) used angiotensin-converting enzyme inhibitors,

Table 1
Clinicopathological features of the patients
Feature " ) Value, n (%]
_mhgrndtr o o 577 (80.)
Median age, yrs _ _ 59.0 [54.0-84.0)
Arterial h:.rplmminn 536 (88.3)
Drsllpl-d!miu 347 (48.2)
Smoking status 149 [34.5
Past medical history of myocardial infarction 61185
Past medical history of stroke 51009
STable angina, CCS class
1 ) 21 (3.00
[l 344 (47.7)
L] 179 (40 &)
I 15 (200
UnsTable angina = _ 5880
Chronic heart fallure, NYHA clais
I 27 (3.75)
f 442 (44,1
il 184 (25.5)
v i 10 (1.4
Ventricular arrhythmia 100{12.8]
Supraventricular arrhythenis : : . 6619.1]
Type 2 diabetes mellitug o _ 'lu[lHi
St-lnu-'sl.s-l:ﬂﬂ'“r t:lremlw arteries 217 (30.0)
<50 170 (23.6)
250% o= ‘ 47 (6.5)
Stenosls of extracranial arteries 232 (32.3)
< 50% 172(23.8)
250% . 60(8.3)
Past medical hlﬂﬁrrﬂfkbdnnr diseases 09 (42.9)
Preoperative glomerular filtration rlﬂ:ﬁﬂmUMI 73mi ME1161)
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655 (91.0%) individuals were treated by calcium channel blockers, 259 (36%)
patients were treated by long-acting nitrates, and 195 (27%) subjects used
statins. All 720 patients used antiplatelet drugs which, however, were can-
celled 7 days before the surgery. In this period, patients with angina pectoris
of grade lll or IV were treated by low-molecular-weight heparin

in most of the patients (692, 96.1%) elective CABG surgery was per-

formed. Urgent CABG surgery (without any discharge after coronary angi-

ography) was performed only in 24 (3.3%) patients, in most of the cases,

they had subtotal left main coronary artery (LMCA) stenosis together with

subtotal stenosis and/or occlusion of right coronary artery (RCA), anterior

descending artery (ADA), or circumflex artery (CAL Emergent CABG surgery

was performed in 4 (0.6%) patients due to non-5T-segment elevation acute

coronary syndrome (NSTE-ACS). We used standardized anesthesiological

and perfusion supply such as coid blood cardioplegia or Custodiol solu-

tion (Kohler Chemie, Germany) in all patients. The volume repletion was

performed by the infusion of 1.2 L of modified gelatine, mannitol, sodium

bicarbonate, and balanced polyienic solution without fresh frozen plasma.

The induction of anesthesia was carried out using propofol (2 mg/kg body

weight), the maintenance of anesthesia was conducted by the infusion of
propofol under the bispectral index monitoring and fentany! infusion; On-
pump surgery was started when activated clotting time was more than >400
seconds; heparin reversal was performed by protamine sulfate (1 mg/1 mg):
the target hemoglobin level was 90 g/L with 265% of venous oxygen satura-
tion. Nermothermia was maintained during the whole time of the opera-
tion. A water balance at the end of surgery was 12 (&: 15) ml/kg. About 72%
of patients were admitted to the intensive care unit with the prescription of
dopamine up to B pg/kg/min; in case of vasoplegia (about 12% of patients)
dopamine was combined with norepinephrine up to 0.04 pg'kg/min; the
duration of usage was up to 16 hours of postoperative period. There were
no statistically significant differences between the duration of inotropic sup-
port and mean therapeutic dosage in all groups of patients.

On the day 10™-12" after the surgery, we assessed the status (presence
or absence) of cardiovascular (death, myocardial infarction, stroke, tran-
sient ischemic attack, acute kidney injury, chronic renal failure progression,
critical lower limb ischemia, or re-mediastinotomy due to a bleeding) and
non-cardiovascular complications (pancreonecrosis, ileus, acute cholecysti-
tis, urgent operations on another organs, septic mediastinitis, urethritis, or
sepsis). The presence of any of these complications was considered as an
adverse hospital outcome. After one year of follow-up, the following end-
points were considered: coronary and non-coronary deaths, myocardial in-
farction, stroke, sTable angina CCS (Canadian Cardiovascular Society) class
lli-1V, and chronic heart failure NYHA (New York Heart Association) class lil.
The presence of any of these endpoints was considered as an adverse long-

term outcome,

' The diagnosis of post-operative myocardial infarction was defined by
the 5-fold elevation of troponin 1 level 6 hours following surgery. Transient
ischemic attack was defined as transient neurologic deficit of cerebrovas-
cular origin (contralateral paralysis, sudden weakness or numbness, sudden
. dimming or loss of vision, aphasia, dysarthria, and mental confusion) resolv-
' ing in 24 hours. In the case if this neurological deficit lasted more than 24
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. :
; hours and became permanent, it was defined as a stroke. The diagnosis of
transient ischemic attack or stroke was performed by a neurologist and was
further proved by magnetic resonance imaging. Acute kidney injury was de-
fined according to the RIFLE criteria [8]. Arterial hypertension was defined
as values >140 mmMg systolic blood pressure and/or >90 mmHg diastolic
blood pressure, according to the ESH/ESC Guidelines for the management
f of arterial hypertension (9], Dyslipidemia was defined as high-density li-
poprotein cholesterol less than 1 mmol/L, or/and triglycerides more than
2 mmol/L, or/fand atherogenic index more than 3, or/and low-density lipo-
protein cholesterol more than 4 mmol/L, orfand total cholesterol more than
5 mmol/L, according to ESC/EAS Guidelines for the management of dyslipi-
daemias [10].
Statistical analysis was performed using MedCalc (MedCalc Software,
3 Belgium). A sampling distribution was assessed by D'Agostino-Pearson test.
: Regarding descriptive statistics, data were represented by the median, the
interquartile range (25th and 75th percentiles), the mean and confidence
! intervals (Cls) for the both median and mean, Depending on the sampling
distribution, two independent groups were compared by either Mann-
Whitney U-test or Student’s t-test, three and more independent groups
were compared using either Kruskal-Wallis test or analysis of variance (AND-
f VA) with the further pairwise multiple comparisons by Mann-Whitney U-test
or Student’s t-test in the case if statistically significant differences were re-
vealed by Kruskal-Wallis test or ANOVA, respectively. Two paired samples
were compared by either Wilcoxon test or paired Student’s t-test according
to the sample distribution. An adjustment for multiple comparisons was
performed using false discovery rate (FDR). P-values, or g-values if FDR was
applied (q-values are the name given to the adjusted p-values found using
an optimized FDR approach), £0.05 were rega rded as statistically significant.

B RESULTS

All the patients were divided into two groups, with and without pre-
operative RD, Maost of the clinicopathological features did not 5Ign1‘1‘|:antl!:.r
differ between the groups; however, past medical history of kidney dis-
eages and 250% stenosis of ECA and LEA were significantly more prevalent

!t' amongst patients with RD (Table 2). Mean EuroSCORE and madian number
: of grafts were also significantly higher in patients with RD (Table 3).

Mean sCr was significantly higherin patients with RD compared tothose
without RD both 24 hours before (131.6 (124.8-1 38.8) and 80.5 (79.1-81.8)
urmal/L, respectively, P=0.0001] and 7 days after the surgery (119.5 (107.7-
131.2) and 105.7 (103.7-107.8) pmol/L, respectively, P=0,0001]. Noteworthy,
there were no patients with sCr>200 umal/L, which Is a risk factor in
EuraSCORE, In both groups. An adverse in-hospital outcome was observed
significantly more frequently in patlents with RD in comparison with those
without RD (37.0 and 22.6%, respectively, P=0.0006). The in-hospital case
Fatality rate was 1.8% and was significantly higher in patients with RD than
in thase without RD (5.19 and 1.2%, respectively, P=0.006).

Nine (1.25%) patients were excluded from the study sarn_ple after one
year of follow-up due to incomplete follow-up data. Combined adverse
outcome was observed in 298 (41.9%) patients. Recurrent angina arjd
progression of chronic heart failure were significantly more prevalent in

aKapawonorya B benapycns 2016, Tom B, N¥1 19
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Table 2

Clinicopathological features of the patients depending on the glomerular filtration rate GFR]

GFR<60 mi/min/1.73 m*

Feature N=604 (84.0%) N=116 (16.0%]
Male gender 467 (77.3%) 110 (94.8%) 0.09
Median age, yrs 59.3 (33.0-81) 58.5 (33.0-76.0) 0.07
Arterial hypertension 525 (86.5%) 111 (95.6%]) 0.3
Dyslipidemia 293 (48.5%) 54 (46.5%) 0.1
Median body mass index, kg/m’ 279(251-31.2) 28.4(25.2-31.14) 0.5
Smoking status 206 (34.1%) 43 (37.0%) 0.1
Past m_e:lical history of myocardial 45 (7.6%) 15 (13.7%) 0.1
infarction :
STable angina CCS class li-IV 246 (40.7%) 48 (41.3%) 0.4
Chronic heart failure, NYHA class lll 155 (25.6%) 29 (25.0%) 0.3
Past medical history of stroke 48 (7 .9%) 9 (7.7%) 0.8
Ventricular arrhythmia 83(13.7%) 17 (14.6%) 0.8
Supraventricular arrbwthmia 52 [B.6%) 14 {1 2.0%) 0.4
Past medical history of kidney diseases 243 (40.2%) 66 (56.8%) 0.03
Type 2 diabetes mellitus 106 (17.5%) 20 (17.3%) 0.5
Past medical history of CABG surgery 5 (0.B%) 1 (0.8%) 09
Stenosis of extracranial arteries
<50% 136 (22.5%] 36 (31.0%) 0.04
250% 33 (5.4%) 27 (23.2%) 0.001
Stenosis of lower extremity arteries
<50% 140(23.1%) 30 (25.8%) a3
250% 34 (5.6%) 16{13.7%) 0.02
Median left ventricular ejection fraction 60.0 (50.0-64.0 60.0 (49.0-64.0) 0.5
Table 3
Surgical features of the patients depending on the glomerular filtration rate (GFR}
et i i
GFRz60 mU/min/1.73 m? GFR<60 ml/imin/1.73 m’
Feature n=604 (84.0%)  n=116(16.0%) P-value
Elective surgery 581 (96.1%) 111 [95.6%) 0.7
Urgent surgery 20 (3.3%) 4(3.4%) 0.6
Emergency surgery 2 (0.3%) . 2(1.7%) 06
On-pump surgery 515 IES_.E'H 100 (86.2%) 0.6
Mean duration of on-pump g9 ¢ 106 6-102.4) 103.8(96.1-111.5) 06
surgery, min
Medim_'l nurn_ber of grafts : 2 (2-3) X . 3(2-3) 0.003
Aneurysmectomy
With left ventricular 28 (4.6%) 5(4.3%) 04
reconstruction
Without left ventricular
reconstruction 8(1.3%) 1(08%) 0.9
CABG surgery along with
1. '
carotid endarterectomy g 40.4%) 0.2
Complete myocardial
revascularization 543 (89.9%) 98 (84.4%) 0.13
Mean EuroSCORE 3.1(29-33) 31.9(3.4-4.3) 0.0006
20
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Table 4
Treatment of patients after the CABG surgery depending on the glomerular filtration rate (GFR) ]
Drug GFRz&0 ml/min/1.73 m* GFR<6&0 ml/min/1.73 m? Bt
 n=603 (84,8%) n=108 (15.2%] i
Asetylsalicylic acid 404 (66.9%) 73 (67.5%) 0.5
Clopsdogrel 37 (6.1%) E {4 50%) 0.5
Angiotensin-converti
|nh?brtnrs | TTRENEDE  anisao 60 (55.5%) 0.7
Nitrates 170 (28.1%) 08 (90.7%] 0.002 4
Angiotensin receptor blockers 54 (8.9%) 4 (3. 7%) 0.06
Aldosterone antagonists 40 [6.6%) 18 [16.6%) 0,0005
Calcium channel blackers 119 (19,79 10 (9. 29%) 0.00%
Loop diuretics 42 (5,9%) 14 [12.9%) 0.03
Statins 407 167.5%) 79(73.1%) 0.2
patients with preoperative RD (16.3% and 12.9%, respectively) compared
to those without it (7.4% and 7.3%, respectively), P=0.003 and 0.04,
E respectively. However, there were no statistically significant differences
“" regarding any other endpoints between the groups. During one year of
g follow-up, patients with preoperative RD were treated by aldosterone
;; antagonists, loop diuretics, and nitrates significantly more frequently than
i patients without it; however, they significantly less frequently used calcium
" channel blockers (Table 4).
b There were no significant differences in prevalence of RD amongst the
EuroSCORE risk groups (Table 5). After ane year of follow-up, combined
adverse outcome was significantly more prevalent in medium risk patients
with RD compared to those without it (Table ).
&
&
Table 5
Prevalence of the renal dysfunction depending on Euro5CORE
: Glomerular Low risk Medium risk High risk
filtration rate  (EuroSCORE0-2) P-value (EuroSCORE 3-5) P.value (EuroSCORE=6] P-value
IGFR)  n=436 (61.3%) n=211(29.6%) n=64 (9,0%)
f fﬂﬁ:;ﬁf]";:‘i 370 (61.3%) 179 (29.6%) 54 (8.9%)
;’ pse ) 0.09 0.08 07
Table &
Prevalence of an adverse outcome after one year of follow-up depending on EuroSCORE and glomerular
filtration rate (GFR)
GFR280 mi/min/1.73 m' GFR<80 ml/min/1.73 m?
Low risk 145 (39.1%) 29 143.9%) 0.06
Medium risk _ 81 (42.2%) 17 (53.1%) 0.04
High risk 22 (40.7%) 4 (40.0%) 06
Total 248 (41,1%) 50 (46.3%) 0.3
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W DISCUSSION

It was demonstrated that even moderate elevation of sCr after CABG
surgeryisariskfactorforanadverseoutcome(!1].Inaddition, preoperative RD
is associated with increased hospital stay after CABG surgery [11]. Moreover,
GFR 30-59.9 ml/min/1.73 m* and <30 ml/min/1.73 m* was associated with
1.8- and 5.2-fold higher risk of death, respectively, in comparison with
GFR>90 ml/min/1.73 m? after five years of follow-up after CABG surgery [12]
In another investigation, GFR 15-45 ml/min/1.73 m* was assotiated with 1.8-
fold higher risk of death compared to GFR>60 ml/min/1.73 m® [13]. However,
it was also found that RD is not significantly associated with early and long-
term adverse cardiovascular outcomes in patients who underwent CABG
surgery (141, In our study, an adverse in-hospital outcome and in-hospital
case fatality rate were observed significantly more frequently in patients
with preoperative RD in comparison with those without RD. After one year
of follow-up, recurrent angina and progression of chronic heart failure were
significantly more prevalent in patients with preoperative RD compared o
those without it; however, there were no statistically significant differences
regarding any other endpoints between the groups.

Additive and logistic EuroSCORE are successfully used for the prediction
of the risk of hospital death after CABG surgery [15]. EuroSCORE takes
into consideration a number of preoperative risk factors such as sCr>200
umaol/L. and it is rather simple for clinicians [16]. However, sCr may depend
not only on renal function but on a number of other non-renal factors and
therefore cannot be considered as the best marker of RD [17]. In our study,
combined adverse outcome was significantly more prevalent in medium
risk (EuroSCORE 3-5) patients with RD compared to those without it after
one year of follow-up. Therefore, precperative measurement of GFR may
be particularly useful in these patients. Although there are many novel
biomarkers of RD such as microalbuminunia, serum cystatin C, interleukin-18,
neutrophil gelatinase-associated lipocalin, or kidney injury molecule-!, they
were not assessed in this study since we evaluated them in previous articles
[(18-22]. However,, technical possibilities and financial issues restrict their
wide application in medical units, whereas this is not the case for GFR.

B CONCLUSIONS

RD is significantly associated with an adverse in-hospital and long-term
outcome after CABG surgery.
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