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OPUTHMHAJIBHAA CTATHA

INFORMATIVITY OF RADIONUCLIDE RENAL SCINTIGRAPHY AND BIOCHEMICAL
MARKERS IN DETECTION OF RENAL DYSFUNCTION IN PATIENTS UNDERGOING
MYOCARDIAL REVASCULARIZATION

Vesnina Zh.V., Kozlov B.N., Lishmanov Yu.B.

cute renal injury (AKI) is a common complication of cardiac surgery. Diagnostic

criteria of acute renal dysfunction based on serum creatinine concentrations do

are not suitable for early detection of AKI.

Purpose. To evaluate the diagnostic significance of radionuclide scintigraphy and
biochemical markers in the detection of renal dysfunction in patients with coronary artery
disease (CAD) in the early postoperative period after coronary artery bypass grafting
(CABQG).

Material and methods. A randomized controlled trial comprised a total of 108 CAD
patients (all men aged 54.94 *+ 0.72 years) who underwent direct myocardial revasculariza-
tion by CABG. All patients received dynamic renal scintigraphy with 99mTc-DTPA and
blood tests measuring serum concentrations of creatinine, lipocalin (NGAL), and Cystatin
C before and after CABG.

Results. After CABG, the mean values of total glomerular filtration rate (GFR) and
GFR for each kidney significantly decreased whereas the serum concentrations of neutro-
phil gelatinase-associated lipocalin (NGAL) and Cystatin C in blood serum significantly in-
creased.

In the postoperative period, the creatinine clearance also significantly decreased.
Statistical analysis revealed direct correlations of cardiopulmonary bypass duration with
the changes in GFR (R = 0.42; P = 0.017) and s-NGAL (R = 0.39, P = 0.02) in cardiac sur-
gery patients.

Conclusion. Radionuclide method is not inferior to testing biochemical markers in
the evaluation of early postoperative renal dysfunction in regard to diagnostic value and
informativeness.
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WHPOPMATUBHOCTb PAAUOHYKAUAHON CLLUHTUTPAPUN MOYEK U
BUOXUMUYECKUX MAPKEPOB MNMPU BbIABAEHUU I'IO"IE"IHOVI
HEAOCTATO4YHOCTU ¥ NALUEHTOB C PEBACKYASAPUSALLUEN MUOKAPAA
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cTpoe noBpexzaeHue 1modek (OITH) — gacToe ocaoKHEHHE KapAUOXUPYPTHIECKUX
BMENIATEABCTB. [IMarHOCTHYECKHE KPHUTEPHH OCTPOM IToYedyHOH AMCOYHKIIMH,
OCHOBaHHbI€ Ha KOHIIEHTPAIlUM KpeaTHHHHa B CBIBOPOTKE, HE IIOAXOAAT OAd

pauHero BbIgBaeHUa OITH.
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OHMOXMMHUYECKUX MAapKEepPOB B BBIIBACHUH HApPYLUIEHHH (QYHKIIHMHM [OYEK y MAllUEeHTOB C
uieMudeckoi 6oaesnrio cepaua (MBC) B paHHEM IIOCA€ONEPAIIMOHHOM MIEPHUOAE IIOCAE
aopTOKOpPOHAapHOro nryHTupoBanusa (AKII).

Marepuan u mMeronsl. B paHIOMH3UPOBAHHOM KOHTPOAHPYEMOM HCCAE€IOBAHUU
npuHaau ydactue 108 namuentoB ¢ UBC (Bce MyxXuuHBI B Bo3pacre 54,94 + 0,72 ropa),
KOTOPBIM ObIAA BBIIIOAHEHA MpsMas peBacKyadpuialusa muokapna MetromoM AKII. Bcem
namyeHTaMm Oblaa IIpoBeAeHa AUHaMudeckas crouHTurpadgud modek ¢ 99mTce-DTPA u ana-
AU3Bl KPOBH C H3MEPEHHEM ChIBOPOTOYHBIX KOHIIEHTpallU¥ KpeaTHHHHAa, AHUIIOKaAWHAa
(NGAL) u nucratrura C no u nocae AKIII.

Peayabrarer. Tlocae AKIIl cpennue 3HadeHUsa 00Ile#l CKOPOCTH KAYOOUYKOBOM (PHUAL-
Tpanmu (CK®) u CK® naag xasxkao# IMOYKU 3HAYUTEABHO CHU3UAWCH, TOTAA KaK CHIBOPOTOY-
HbIe KOHIIEHTPAIIUU AUIIOKAaAWHA, CBA3aHHOTO C XXeAaaTuHas3oi HedTpoduroB (NGAL) u mu-
cratuHa C B CBIBOPOTKE KPOBH, 3HAUUTEABHO YBEAUYHAUCH. B IlocaeonepaliioHHOM II€PHO-
[le TaK¥Ke 3HA4YUTEABHO CHH3MACS KAMPEHC KpeaTHHHHa. CTaTHUCTHYECKHH aHaAW3 BBIIBHUA
IPSIMYI0 KOPPEASIIIHIO IIPOAOAKUTEABHOCTH UCKYCCTBEHHOIO KPOBOOOPAIIIEHHSI C U3MEHEHHU-
avmu CK® (R = 0,42; P=0,017) u s-NGAL (R = 0,39, P = 0,02) y kapAHOXUPyPTHUIECKUX I1a-

LIUEHTOB.

3akaouenne. PaguoHYKAMAHBIA MeTod IO AUATHOCTHYECKOH 3HAYHUMOCTH U HH-
¢dOopMaTHBHOCTH HE YCTyHaeT OHMOXMMHYECKHM MapKepaM B OIleHKE paHHEero IIOCAeoIepa-

IIMOHHOI'O HapyllleHUd (PYHKIIUY [104YeK.

KaroueBrie caoBa: muHammpdeckKas cuuHTHrpadgus nodek, NGAL, nucrarur C, mo-
gyeuyHasd AUC(YHKIINA, a0PTOKOPOHAPHOE IIIYHTUPOBaHHUE.
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Coronary artery bypass grafting surgery

(CABQG) is among the most effective methods

of treatment for coronary heart disease. At

the same time, acute changes in renal func-
tion after CABG represent a challenging clinical
problem [1-3]. Transient renal dysfunction and/or
acute kidney injury (AKI) may be observed after
open heart surgery with cardiopulmonary bypass
in 5-28% of patients (according to other data — in
up to 40% of patients), regardless of age and the
condition of the cardiovascular system [4, 5]. In
this case, the development of renal dysfunction
even if transient can seriously impact the duration
of hospital treatment and prognosis of underlying
disease [3, 6].

Currently, in cardiac surgery practice, AKI
diagnosis is based on the assessments of urinary
output, serum creatinine (SCr), and/or SCr clear-
ance [1, 3, 7]. This classification has proven to be
valuable in evaluating the risk of short- and long-
term complications in patients with ischemic renal
damage. Creatinine clearance can be calculated
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based on SCr values, which, according to many
researchers, reflect GFR [3, 8]. In turn, GFR re-
duction is one of the main manifestations of renal
dysfunction. Two methods of calculation are pri-
marily used: Cockcroft-Gault formula and MDRD
formula (The Modification of Diet in Renal Disease
Study) [9, 10].

However, traditional markers such as creat-
inine and urea concentrations are sensitive not
enough for early AKI diagnosis, since the changes
in SCr do not reflect the corresponding GFR de-
crease in some cases [7, 11]. The kidneys have a
significant functional reserve, so the creatinine
concentration does not change until the renal pa-
renchyma loses about 60% [11, 12]. In addition,
SCr can vary over a wide range, depending on
many extrarenal factors [12]. Therefore, creatinine
is not an ideal marker for measuring GFR.

Cystatin C, a cationic low-molecular-weight
cysteine protease, produced by all nucleated cells
with a constant rate and not metabolized in se-
rum, has been proposed as a glomerular test
agent (GFR surrogate). The production of Cystatin
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C, unlike creatinine, is considered to be low-
dependent on various factors: age, sex, muscle
mass, and hydrovolemia [13]. It is generally ac-
cepted that over 99% cystatin C elimination is due
to glomerular filtration [13, 14]. Thus, the as-
sessment of this marker allows to detect AKI de-
velopment earlier and with greater specificity than
serum creatinine measurements [15].

Neutrophil gelatinase-associated lipocalin
(NGAL) may be even earlier predictor of AKI. NGAL
expression is increased in the cells of tubular epi-
thelium multifold in the presence of ischemic and
toxic kidney injury. Blood plasma NGAL concen-
trations (s-NGAL) and NGAL excretion with urine
(u-NGAL) increase 24-48 hours before the rise in
creatinine level and 10 hours before the increase
in serum Cystatin C concentration [15, 16]. There-
fore, there is a reason to consider NGAL an early
sensitive non-invasive AKI marker [17]. Moreover,
the levels of s-NGAL and u-NGAL have similar di-
agnostic and prognostic significances [18].

However, the assessment of cystatin C and
lipocalin levels has not been widely implemented
in everyday clinical practice.

The function of urinary system can be stud-
ied using radionuclide research methods enabling
to assess glomerular filtration, tubular secretion,
urodynamics, the state of parenchyma and blood
supply to the kidneys, topography of the entire
organ, and its individual parts [17]. In particular,
radionuclide renal scintigraphy enables to detect
abnormalities in the renal function at early stages
of disease and to diagnose the severity and the
level of damage, when clinical and/or biochemical
manifestations are yet absent [17].

The purpose of this investigation was to
evaluate the diagnostic significance of radionu-
clide renal scintigraphy and biochemical markers
in the detection of renal dysfunction in patients
with coronary artery disease in the early postop-
erative period after CABG.

Material and methods

Table Nel. Clinical and intraoperative data of patients enrolled in the study.
Variables n =108 %
Agé; years 55.0 (49; 59)
NYHA class, n (%)
I 4 3.7
I 65 60.2
" 39 36.1
LVEF, % 52.0 (41; 62)
AMI in anamnesis, n (%) 93 86
LV aneurysm, n (%) 31 28,7
Coronary arteries with stenosis >50%
1 13 12
2 32 29.6
3 63 58.4
Grafts per patient

1 13 12
2 36 33.3

3 41 38
4-5 18 16.7
Kidney diseases in anamnesis, n (%) 18 16.7

* Data are presented as median (interquartile range); NYHA: New York Heart Association,

AMI: acute myocardial infarction; LVEF: left ventricular ejection fraction
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Patient selection.

A total of 108 patients (all men aged 54.94 £
7.25 years) who underwent first-time CABG were
enrolled in the study. All patients had the follow-
ing primary diagnosis: CAD with angina pectoris
functional class 2 to 4, complicated by CHF NYHA
[-III. Ninety-three (86%) patients suffered one or
more acute myocardial infarctions with the for-
mation of postinfarction cardiosclerosis. The clini-
cal profiles of the matched patients are described
in Table 1.

All consecutive patients were examined after
informed consent was obtained. All patients un-
derwent dynamic renal scintigraphy with 99mTc-
diethylenetriaminepentaacetic acid (99mTc-DTPA)
before and 6-7 days after CABG and were subject-
ed to measuring the concentration of SCr in the
time period not exceeding 48 hours from the day
of renal scintigraphy. The following parameters
were calculated in the course of the study: total
glomerular filtration rate (GFR, mL/min) and
GFRs for each kidney; blood clearance (min) as
half-time of radiopharmaceutical excretion from
blood; creatinine clearance in blood serum prior to
CABG and 5 hours after the beginning of the op-
eration.

Forty patients were subjected to measuring
the blood serum amounts of lipocalin-2 prior to
CABG and 5 hours after the beginning of surgery
and Cystatin C before and 24 hours after surgery.

Renal Function Evaluation.

Dynamic renal scintigraphy with 99mTc-
DTPA was performed in a sitting position of a pa-
tient whose back faced a detector of the gamma-
camera so that the heart and the kidneys were
within the field of view. The radiopharmaceutical

was introduced intravenously at a dose of 30-40
mBq (0.8-1.0 mCi) and a volume of 1.0 to 1.5 mL.
To calculate GFR, syringe activity was recorded
before and after the infusion of radiopharmaceuti-
cal to a patient.

All the scintigraphic studies were performed
with gamma camera Philips Forte (Philips Medical
Systems, Netherlands). Processing of the acquired
scintigrams was performed using JetStream®
Workspace Release 3.0 software package (Philips
Medical Systems, Netherlands).

Laboratory Methods.

Serum NGAL was tested by Human
Lipocalin-2/NGAL ELISA kit; serum Cystatin C
was assessed by Human Cystatin C ELISA (ELISA,
BioVendor Laboratory Medicine, Inc.). The princi-
ple of the technique was based on quantitative
solid phase immunoenzyme sandwich analysis.
The Cockcroft-Gault equation was used to calcu-
late creatinine clearance [9].

Statistical analysis.

Statistical analysis was performed with
STATISTICA software. To evaluate significance of
differences between dependent samples, non-
parametric Wilcoxon rank-sum test and Sign-test
were used. To detect the presence of correlation
relationships between data, Spearman rank corre-
lation coefficient was used. For all statistical eval-
uations, differences in data with p-values of less
than 0.05 were considered statistically significant.

Results.

Before surgery, initial reduction of varying
degree in GFR in one or two kidneys was found in
80 (74.1%) patients. The mean GFR values were
107.72 £ 9.75 mL/min (total GFR): 49.96 + 7.37
mL/min for the left kidney and 57.72 + 6.01

Table Ne2. Comparative results of the DVH analysis for two cases - the planned dose
distribution (plan) and the total delivered dose distribution for 6 fractions (sum).
Variables Before CABG After CABG P-level
Creatinine, mM/L 89.0 (81; 97) 92.0 (82.2; 102) 0.236
Creatinine clearance,
mL/min 97.8 (78.3; 122.8) 75.5(52.9; 99.1) <0.05
Total GFR, mL/min | 109.95 (104.25; 113.75) 99.45 (92.65; 107.55) <0.01
Blood clearance, min 17.5 (16.2; 20.1) 22.4 (20.6; 24.4) <0.01
GFR left, mL/min 50.3 (45.9; 56.3) 44.55 (39.25; 52,90) <0.01
GFR right, mL/min 59.1 (55.3; 62.15) 52.85 (48.4; 57.25) <0.01
Lipocalin, ng/mL 53.07 (41.46; 82.64) 143.75 (131.27; 214.71) <0.01
Cystatin C, ng/mL 721.0 (613.4; 794.95) 954.35 (697.25; 1068.00) <0.05
Data are presented as median (interquartile range); CABG: coronary artery bypass grafting,
GFR: glomerular filtration rate.
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mL/min for the right kidney (Table 2).

We found pronounced renal dysfunction (the
GFR decline in one or both kidneys by more than
30% of normal values) in 12 (11.1%) patients; 48
(44.4%) patients had moderate disturbance of the
filtration function. It should be noted, that only 18
(16.7%) individuals had chronic kidney disease in
the past medical history. Statistical analysis al-
lowed to detect the presence of correlation rela-
tionship between GFR determined by the radionu-
clide method and SCr clearance (R = 0.30, p =
0.005).

In our study, the mean value of lipocalin-2
in all patients before surgical treatment was 67.02
* 41.99 ng/mL which exceeded the corresponding
mean value in individuals without cardiovascular
diseases (Table 2) [19]. We discovered the inverse
relationship between s-NGAL levels and ejection
fraction of LV (LVEF) in study patents (R = - 0.37,
p = 0.02). Statistical analysis also allowed to de-
tect the presence of the inverse relationship be-
tween GFR and lipocalin level in study patents
before revascularization (R = - 0.33, p = 0.03).

Table 2 shows the statistically significant
changes in the values of renal functional activity
after CABG with cardiopulmonary bypass. Indeed,
there were significant reduction in the mean val-
ues of total GFR and GFR for each kidney as well
as statistically significant increase in the blood
clearance. Pronounced renal dysfunction (a de-
crease in total GFR by 15% and more compared
with the initial level) due to nonpulsatile blood
flow occurred in 35% of patients; insignificant de-
crease in the filtration activity was found in 18
patients (16.7%).

Significant increase in the concentration of
s-NGAL occurred 5 hours after surgery relative to
the preoperative value (from 67.02 = 41.99 to
171.65 + 89.91 ng/mL, p < 0.001). Statistical
analysis revealed the significant correlations be-
tween the duration of cardiopulmonary bypass
and the changes in GFR (R = 0.42; p = 0.017), as
well as between the duration of cardiopulmonary
bypass and the changes in s-NGAL levels in cardi-
ac surgery patients (R = 0.39, p = 0.02). The
clearance of creatinine also significantly decreased
in the postoperative period.

Table 2 shows a significant increase in blood
serum concentration of Cystatin C, which oc-
curred 24 hours after surgery, relative to preoper-
ative value (from 722.05 + 188.31 to 916.66 =
283.92 ng/mL, p < 0.05). However, in comparison
with lipocalin, the severity of postoperative in-
crease in cystatin C was less pronounced. Be-
sides, we could not detect the presence of direct
correlation of the cystatin C levels with cardio-
pulmonary bypass duration (R = 0.01, p = 0.995)
and the cross-clamp time (R = 0.08, p = 0.73).

Discussion.

Abnormal glomerular filtration and the in-
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creased lipocalin-2 level in preoperative period in-
dicate the development of cardiorenal syndrome
caused by chronic heart failure as result of reduc-
ing renal perfusion and increasing renal vascular
resistance [20, 21].

The study showed that the s-NGAL and Cys-
tatin C levels were associated with cardiovascular
diseases including chronic heart failure [19, 22].
Choi K. M. with coworkers demonstrated that
mean s-NGAL levels were 82.6 £ 38.7 ng/mL in
patients with angiographically confirmed coronary
artery stenosis versus 43.8 = 27.8 ng/mL in con-
trol group [19]. Authors believe that changes in s-
NGAL level can be useful for evaluation of CAD
risk because they are independently associated
not only with coronary atherosclerosis, but also
with insulin resistance and systolic blood pres-
sure [19]. Ix J.H. with coworkers compared the
levels of creatinine and cystatin C as predictors of
an unfavourable prognosis during the Heart and
Soul Study [22]. The study showed that the high-
est quintile of cystatin C (= 1.3 mg/L) was associ-
ated with a significant increase in the risk of all-
cause mortality, cardiovascular events, and inci-
dent heart failure. However, according to our data,
the mean level of cystatin C in the examined pa-
tients was 722.05 = 188.31 ng/mL (Table 2),
which corresponds to the level of this marker in
practically healthy individuals (for men is 0.74 *
0.10 mg/L (740 £ 100 ng/mL)) [23]. Moreover, our
study demonstrated that there was no correlation
between the levels of cystatin C with LVEF (p =
0.80), as well as with GFR calculated using radio-
nuclide method (p = 0.21).

Several works demonstrated that lipocalin
levels significantly correlate with serum creati-
nine, creatinine clearance, and GFR calculated
using MDRD formulas [24-26]. However, in our
study, we did not find such a relationship. It may
be due to the fact that the plasma NGAL levels are
associated not only with the morphologic and
functional states of renal tubules, but also with
other functions of this protein. In particular,
NGAL is involved in recovery of damaged epitheli-
um as a protein of acute phase of inflammation as
well as in remodeling of atherosclerotic plagues
and myocytes in the presence of myocardial dam-
age [27].

In the context of cardiopulmonary bypass,
nonpulsatile blood flow triggers cascade of proin-
flammatory reactions increasing the levels of cir-
culating catecholamines and mediators of inflam-
mation and acute-phase response including
lipocalin [27, 28]. There is evidence that the early
rise in the level of NGAL in blood plasma 2 to 6 h
after cardiac surgery is caused by the lipocalin
release into the circulation due to the inflammato-
ry neutrophil activation triggered by surgery [29].
The other adverse side effect of extracorporeal cir-
culation consists in the renal macro- and micro-
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emboli leading to renal vasoconstriction and is-
chemic injury of renal parenchyma which, in turn,
leads to functional disorders of the renal paren-
chyma (reduction in GFR) and expression of
lipocalin as a marker of AKI [17, 28, 30].

The observed increase in the s-NGAL level in
cardiac patients during the first hours after sur-
gery agrees with data of other researchers. Mishra
J. with coworkers observed an elevation of the
lipocalin level in blood plasma 2 h after the begin-
ning of surgery with cardiopulmonary bypass in
children [29]. Authors also found correlation be-
tween duration of surgery and changes in the
NGAL level [29].

It was proved that a significant increase in
the level of Cystatin C can be informative already
in the early stages of renal function impair [31].
Cystatin C concentration in blood increases 1-2
days before the rise in the level of creatinine and
is regarded as a sign of stage I-II AKI in patients in
the postoperative period [32]. Despite this, there
are the number of questions regarding possible
use of cystatin C as an indicator of AKI. The con-
centration of cystatin C in the serum can vary
much more than that of SCr [33]. The factors af-
fecting its concentration include age, sex, height,
weight, smoking, serum level of C-reactive protein,
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In summary: the radionuclide method is not
inferior to biochemical markers in assessing early
postoperative renal dysfunction in regard to its
diagnostic significance and informativeness.
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