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PREDICTING ACUTE KIDNEY INJURY
INCAD PATIENTS UNDERGOING CORONARY
ARTERY BYPASS GRAFTING

The aim of the study was to identify the risk predictors of developing acute kidney injury (AKI) and to create an AKI prognosis chart for patients
with coronary artery disease (CAD) undergoing off-pump coronary artery bypass grafting.
The study covered 210 patients with coronary artery disease (mean age of 58.4 + 6.3 years, 173 (82.4%) men and 37 (17.6%) women) who
underwent off-pump coronary artery bypass grafting. The signs of AKI after the surgery were observed in 89 (42.4%) patients. Out of the numerous

factors, 17 most significant signs of the risk of developing AKI were selected using the Wald test.

Using the identified signs, we built models (1) and (2) for predicting the probability of developing AKI with the sensitivity of 81% and specificity

of 91%.

We also revealed increased probability of developing AKI by 7.83 times (95% ClI: 4.2-14.7) in patients with concomitant metabolic syndrome

(MS).

Keywords: coronary artery disease, metabolic syndrome, off-pump coronary artery bypass grafting, acute kidney injury, risk predictors, pre-

diction model.

Kidney failure and various degrees of
AKIl in patients with coronary artery dis-
ease undergoing coronary artery bypass
grafting remains one of the challenges in
cardiac surgery and cardiovascular anes-
thesiology [4]. The AKI developed in the
postoperative period leads to a changed
patient treatment tactic, prolonged treat-
ment duration and significantly worse
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prognosis, increasing the hospital mor-
tality rate of such patients to 26.3% [1].
In addition, several research results indi-
cate the highest risk of perioperative re-
nal complications in patients with comor-
bid pathologies, including concomitant
MS [3].

With the goal of improving treatment
outcomes, the differentiated and pa-
tient-oriented approach is a current trend
in medicine. From this perspective, the
identification of objective prognostic risk
criteria for developing AKIl is of great ap-
plied value.

The aim of the present study was
to identify the risk predictors of develop-
ing AKI and to create an AKI prognosis
chart for patients with CAD undergoing
off-pump coronary artery bypass grafting.

Materials and Methods. A retro- and
prospective, longitudinal observational
study was conducted. The retrospective
stage of the study included analysis of
medical records of 90 inpatients, pro-
spective - examination and treatment of
210 patients with coronary artery disease
(173 (82.4%) men, 37 (17.6 %) women)
who underwent myocardial revascular-
ization by coronary artery bypass grafting
and mammary coronary artery bypass
surgery off-pump. Mean age of patients
was 58.4 + 6.3 years. All surgeries were
performed at the Sakha (Yakutia) Repub-
lic’s Hospital No. 1 - National Center of
Medicine in the period 2016-2020.

The diagnostics of the cardiovascular
system functional status was carried out
in accordance with the 2014 ESC/EACTS
Guidelines on Myocardial Revasculariza-
tion [11]. MS was diagnosed using the
criteria from the Clinical Guidelines of the
Ministry of Health of the Russian Feder-
ation [6].

Under the ASA (American Society of
Anesthetists) classification, all the pa-
tients were assigned ASAPS Class 3
and Class 4. The anesthetic and postop-
erative managements were carried out
following the management protocols of
patients undergoing off-pump coronary
artery bypass grafting [5].

The diagnostics of the functional sta-
tus of kidneys, assessment of the degree
of renal dysfunction, AKI and assessment
of its severity were carried out following
the KDIGO (Kidney Disease Improving
Global Outcomes) Clinical Guidelines
[12].

The processing of statistical data was
performed using SPSS Statistics, ver-
sion 23, and included: at different stages
of the study, calculating the mean value
and standard deviation assuming a nor-
mal distribution (M + SD), the median
and interquartile range (Me, 1Q RQ3-Q1);
conducting a logistic regression analysis
to develop an AKI prediction model; and
determining the two-tailed criterion of
Student’s t-test for comparing mean val-
ues of two independent groups, and the
Mann-Whitney criteria for a nonparamet-
ric test. The statistical significance was
set at p <0.05.

Results and Discussion. In the
postoperative period, the signs of AKI
were observed in 89 (42.4%) patients.
To predict postoperative AKI in patients
with coronary artery disease, we stud-
ied 104 factors that were considered
from the perspective of increasing or
decreasing the risk of kidney injury. Us-
ing a statistical analysis, we identified
72 factors that have a statistically sig-
nificant relationship with the risk of de-
veloping AKI. At the next stage, out of
these factors, 17 signs were selected by
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the Wald stepwise backward elimination
method (Table 1).

The Table demonstrates that along
with the values of blood creatinine, GFR
and proteinuria, which are mandatory in
assessing renal function [3, 4, 17], we
selected the factors whose role in the de-
velopment and course of AKI has been
confirmed by numerous studies. These
are anthropometric data [11, 8], smoking
[10], a number of hemodynamic param-
eters [9, 2], blood sugar [11, 14, 15] and
lipids [7,10,16,18], as well as the intake
of statins, which have nephroprotective
effect [18].

The inclusion of the presented risk fac-
tors for developing AKI made it possible
to create a prediction model (1) for deter-
mining the probability of developing AKI
in each case:

PAKI = 1/(1 + e7),
where: PAKI — the probability of devel-
oping AKI, expressed in %; eZ — the nat-
ural logarithm base (Euler’s number) =
2.71828.

The following risk factors are to be
used to calculate z:

=-28.561 + 0.09*X__+0.2X,,, +
15X ing = 1.2°X s + 0.07*XEF
_1 'Q*XLVEDd + 0"I.Jl‘)(GFR + O'Og*xcreatinine +

Factor having established relationsh

2'0*Xproteinuria + 0'3*XHbA1c + 03*X lucose +

0.09"X,,, - 0.2X,,— 0.3, + 1.1°X ., -
3*XHDL + 1*XLDL (1),

where: X, = — age (years); Xg, — body
mass index (kg/m?); X . — smoking
factor (0 — non-smokers, 1 — smokers);
X,ins — the intake of statins in therapeutic
doses (0 — does not take, 1 - takes); X_. —
ejection fraction (%); X, — left ventric-
ular end diastolic dimension (cm); X, —
glomerular filtration rate (ml/min/1.73m?);

reatinine — SETUM creatinine (umol/l); Xpro_
— proteinuria (mg/d); X, .. — 9ly-
— blood

teinuria

cated hemoglobin (%); X, ...

glucose level (umol/l); X, — hemoglobin
level (g/1); X, — hematocrit (%); X, — to-
tal cholesterol (umol/l); X, — triglycerides
(umolll); X, — high-density lipoproteins
(umol/l); X, — low-density lipoproteins
(umol/l); - 28.561 — a constant.

The assessment of the probability
of developing AKI in CAD patients was
carried out as follows: with a value of
PAKI > 50 %, the patient was assumed
the high-risk group of kidney injury, while
with PAKI < 50% - the low-risk group.
The sensitivity of the obtained model
was 81%, specificity — 91%, with the to-
tal percentage of diagnostic efficiency at

86.7%.
Table 1

ip with the AKI risk in CAD patients

Characteristics With AKI Without AKI P
(n=89) (n=121)
Age, years, (M+SD) 59.1+5.9 57.846.6 0.154
BMI, kg/m2, (M£SD) 31.1+4.1 26.8+5.0 <0.001*
Smoking, n (%) 63 (70.8%) 26 (29.2%) <0.001*
LVED, cm, (M£SD) 49+04 4.9+0.4 0.159
EF, % 58.5+6.0 59.6+6.24 0.871
GFR/min/1.73m2, (M+SD) 71.5+14.2 779+ 14.1 0.001*
Serum creatinine, pmol/l
’ 101.0 [88.0-122.0] | 89.0 [88.0-99.0] | <0.001*
(Me [Q1-Q3]) [ 1] 8901 ]
Proteinuria, mg
e 0.3 [0.1-1.0 0.1[0-0.2 <0.001*
(Me [Q1-Q3]) [0-1-1.0] [0-02]
Fasting plasma glucose, pmol/l 8.017.0-9.0 55145775 <0.001*
(Me [Q1-Q3]) .0 [7.0-9.0] .5 [4.5-7.75] .
HbAlc,% 6.5[5.25-7.0] 4.0 [4.0-4.5] <0.001*
Hb, g/l (M+SD) 140.0+8.1 137.148.8 0.016*
Ht, %
I 35.0[33.0-38.0 37.0 [34.0-43.0] | <0.001*
(Me [Q1-Q3]) [ ] [ ]
Total cholesterol, pmol/l, (M£SD) 6.5 [5.25-7.25] 5.5[4.25-7.0] 0.001*
Triglycerides, pmol/l, (M£SD) 1.63+£0.3 1.43+0.3 <0.001*
HDL cholesterol, pmol/l, (Me [Q1-Q3]) 1.36+0.27 1.32+0.29 0.357
LDL cholesterol, pmol/l, (Me [Q1-Q3]) 2.35+0.64 1.84+0.7 <0.001*
Atorvastatin
’ 61 (68.5%) 41 (33.9%)
20 mr, n (% <0.001*
Sourn E‘%g 28 (31.5%) 80 (66.1%)

Note: BMI - body mass index; LVED - the final diastolic size of the left ventricle; LVEF - left
ventricular ejection fraction; GFR - glomerular filtration rate; TC - total cholesterol; TG -
triglycerides; HDL - high density lipoproteins; LDL - low density lipoproteins. In the tables 1-2
* - differences in the indicators are statistically significant (p <0.05).

Based on the values of the regres-
sion coefficients, all of the listed factors
are directly related to the probability of
developing AKI in the postoperative pe-
riod. The obtained regression model (1)
is statistically significant (p = 0.001) and,
based on the value of the Nigelkerk coef-
ficient of determination, it takes into ac-
count 73.5% of the factors signaling the
probability of developing AKI in the post-
operative period.

In order to adapt this model (1) for
application in the routine clinical prac-
tice, and also taking into account the
complex mathematical calculation of
logistic regression, we transformed it
using the multiple linear regression.
The value of the probability of AKI de-
velopment, expressed as a percentage,
served as a dependent variable, and we
introduced the same 17 indicators used
in model (1) as factor variables. As a re-
sult, the following equation was created
(Model 2):

YAKI (%) = O.7*Xage + 2.3*X,,, + 14*X

BMI smok-

ing 16*Xstatins + 0'1*XEF_ 18'5*XLVEDd +
0'4*XGFR + O'G*Xcreatinine + 13*Xproteinuria
3K onre + 2.7 K oo + 0.9°X,,, — 247X,

= 25X = 2K g = 24"X o + 12.2°X .
—105 (2),

Where: YAKI (%) — the probability of de-
veloping AKI in %; - 105 — a constant
(baseline probability of AKI without the
factors included in the Model); values of
0.7; 2.3; 14; 16, etc. — regression coeffi-
cients determining how much the AKI risk
will increase with a certain risk factor.

The created prediction regression
model (2) was characterized by a direct,
statistically significant correlation of the
probability of AKI (p = 0.001) and had a
strong relationship of the factors on the
Chaddock scale (rxy = 0.940). Based on
the value of the Nigelkerk determination
coefficient R?, Model (2) takes into ac-
count 88.3% of the most significant fac-
tors determining the probability of AKI in
the postoperative period. The sensitivity
of the model remained high and made
81%, specificity — 91%.

The conducted ROC (Receiver Oper-
ating Characteristic) analysis confirmed
high diagnostic value of the created mod-
el (2). The area under the ROC — AUC
(area under curve) was 0.94 + 0.14 (95%
Cl 0.91-0.97), dividing value of prognos-
tic function (cut-off) — 50% (Fig.).

Assuming that the AKI predictors in-
clude all the signs characteristic of MS,
we carried out a separate analysis of the
AKIl incidence in patients with concomi-
tant MS. The statistical analysis showed
that the probability of developing AKI with
concomitant MS increases by 7.83 times
(95% CI: 4.2-14.7) (Table 2).
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ROC-curve characterizing the correlation
between the probability of developing
AKI and the prognostic function Yaki % in
Model (2).

serum creatinine of 159 pymol/l, and de-
creased urine output of less than 0.5
ml/kg/h.

Conclusion. Therefore, in our study,
signs of AKI were observed in 42.4% of
the patients with coronary artery disease,
and the probability of its development
with concomitant MS increased by 7.83
times. Predicting AKI and assessing the
risk of its development should become
mandatory for patients with coronary
artery disease prior coronary artery by-
pass grafting. Assessing the probability
of developing AKI will allow adjusting the
program of preoperative preparation of
patients, thereby reducing the number of
complications in the postoperative period
and improving the results of treating pa-
tients of this complex category.

Table 2

Evaluation of the AKI incidence in patients with concomitant MS

Patients with MS | Patients without MS
Plgeli%nlce/absence (n=106) (n=104) p* OR: 95% CI
© Abs. | % Abs. %
Slgn.s of AKI 69 65.1 20 19.2 <0.001 | 7.83:4.2-147
No signs of AKI 37 34.9 84 80.8

Upon completion of the study, we cre-
ated a chart for practitioners “Assessing
the risk of developing AKI in patients
with coronary artery disease undergoing
CABG’, including the discussed predic-
tors. Here is a clinical example of calcu-
lating the probable risk of AKI in a patient
with coronary artery disease and MS:

Patient M., 66, was admitted for a
surgery to treat coronary artery disease
with concomitant MS. The indicators at
admission: BMI — 32 kg/m? smokes a
pack of cigarettes a day; LVEDd — 4.4
cm, EF - 55%,; GFR — 71 ml/min/1.73 m?,
blood creatinine — 126 umol/l, proteinuria
— 0.9 mg; HbA1c — 6.4%, blood glucose
— 7.2 umol/l; Hb — 124 g/I, Ht — 32%, TC
— 6.6 umol/l, HDL — 2.4 umol/l, LDL — 3.1
umol/l, TG — 1.9 umol/l; has been taking
Atorvastatin 20 mg for 2 months.

The calculation estimated the risk
of AKI in the patient exceeding 50%,
which indicated a high risk of develop-
ing AKI. The prediction was later con-
firmed. 48 hours after the surgery, the
patient showed signs of AKI: decreased
GFR of 59 ml/min/1.73 m?, increased
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