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Abstract

Introduction. Nephrocardial syndrome (NCS) is a complex of interrelated disorders, which includes chronic kidney dis-
ease (CKD) resulting in development of secondary myocardial dysfunction and structural cardiac remodeling. CKD is
one of the most common pathologies in older cats. Although cases of nephrocardial syndrome in cats have been described
in the literature, its precise pathophysiological mechanisms are still poorly understood. Particularly insufficient are the
scientific data regarding the role of systemic inflammation and protein and energy metabolism disorders related to NCS
pathogenesis and progression. The aim of the study is to investigate the biochemical parameters of blood serum in cats
with nephrocardial syndrome for identifying the specific patterns of disorders and developing the improved diagnostic
and therapeutic techniques.

Materials and Methods. A retrospective analysis of 82 medical records of cats admitted to the Moscow veterinary clinics
in the period of 2021 — 2025 was conducted. Two experimental groups of animals were formed (37 cats with NCS;
23 cats with CKD without cardiac complications) and one control group (22 healthy cats). Research methods included
serum biochemistry (total protein, albumin/globulin fractions, C-reactive protein, azotemia and ketonemia markers), as
well as instrumental methods (echocardiography, ECG).

Results. In cats with NCS, pronounced dysproteinemia was revealed: hypoalbuminemia (28.1+0.5 g/l versus 34.2+0.6 g/l
in the control group), hyperglobulinemia (42.6+1.4 g/1), a significant decrease in the albumin to globulin ratio (0.694+0.03
versus 1.02+0.07 in the control group). The level of C-reactive protein in animals with NCS exceeded the values of both
healthy cats (164.1+5.6 g/l versus 82.9+£1.4 g/l) and the cats from the group with CKD without cardiac complica-
tions (128.5+3.2 g/1), which confirms the presence of systemic inflammation. Azotemia parameters (urea, creatinine,
SDMA) did not significantly differ in groups with CKD and NCS, but were higher, compared to the control group.
Discussion and Conclusion. The increased ketogenesis was detected in cats with both pathologies, which is likely due
to uremic intoxication and catabolic processes. NCS in cats is characterized by pronounced systemic inflammation, im-
paired protein metabolism, and metabolic shifts. The obtained results emphasize the importance of integrating inflamma-
tory and metabolic markers interpretation into the diagnostics of NCS, as well as the need for further research to establish
the cause-and-effect relationships within the nephrocardial continuum.
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AHHOTAIIMA

Beseoenue. Hedpoxapananbubiii cuaapom (HKC) — 310 KOMIUIEKC B3aMMOCBSI3aHHBIX HapyHIEHHUH, IPH KOTOPOM Xpo-
Huyeckast 6one3np nouek (XBII) mpuBoauT K pa3BUTHIO BTOPUYHOW MHOKApAWUAILHON JUCHYHKIHH U CTPYKTYPHOMY
pemonenupoBanuto cepana. XbII sBisercs oquuM u3 Hanbosee pacpoOCTPaHEHHBIX MTaTOJIOTHYECKUX COCTOSIHUM y KO-
IIEK CTapIIEro BO3pacTa, U XOTs CIIydan pa3BUTHS y KOLIEK HE(POKapAHaIbHOTO CHHIPOMA OIMCAHbI B IUTEPATypE, €T0
TOYHBIE MATO(PHU3NOIOTHIECKAE MEXaHN3MBI OCTAIOTCS HE 0 KOHIIA M3y4YEeHHBIMU. B 4acTHOCTH, HEOCTaTOYHO HAYYHBIX
JTAaHHBIX, KACAIOIIUXCS POJIM CHCTEMHOT'O BOCTIAJICHUS, HAPYIICHNUI OEIIKOBOTO M SHEPIeTHIECKOro OOMEHA B IATOTEHE3E
u nporpeccupoBanu HKC. Llenpo HACTOSIIETO HCCIEA0BAHNUS SBIIOCH KOMIUIEKCHOE U3ydIeHUE OMOXUMIYECKHX TTapa-
METPOB CBIBOPOTKH KPOBH Yy KOIIEK C HE(PPOKApAHAIbHBIM CHHIPOMOM JUISl BBISBICHUS CIEHU(HISCKUX MATTEPHOB
HapyIIeHHH 1 pa3pabOTKH yCOBEPIIEHCTBOBAHHBIX METO/IOB JJUarHOCTHKH U TEpaIHu.

Mamepuanst u memoosl. B Xolie peTpOCIEKTHBHOTO aHaIM3a U3y4YeHbl 82 UCTOPUU OOJIE3HH KOILEK, MOCTYMHBIINX Ha
JIeYeHne B MOCKOBCKHE BETepHHapHble KIMHHUKK 3a neproa ¢ 2021 mo 2025 rr. beuio copMupoBaHO JBE ONBITHBIE
rpymubl xUBOTHBIX (37 komek ¢ HKC; 23 komku ¢ XBI1 6e3 kapauanbHbIX OCIOKHEHUI) U 0JJHA KOHTpOJIbHAs (22 3/10-
POBBIE KOIIKK). MeTO/IbI UCCIIEe0OBaHMs BKIIIOUAN OMOXUMHYECKHUI aHaIM3 CBIBOPOTKH KPOBH (00umii Oenok, Gppakunn
anbOyMHUHOB/TIO0YIMHOB, C-peakTUBHBIN OENOK, MapKephl a30TEMHH M KETOHEMHH), a TAK)Ke MHCTPYMCHTAJIbHbIE Me-
Tonsl (3xokapauorpadus, IKI).

Pesynemamot  uccnredoganusn. Y xomek ¢ HKC BouiBneHa BbIpakeHHas AWCIPOTEHHEMHS: THIIOATBOYMHHE-
mus (28,1+0,5 /1 mpotus 34,2+0,6 /11 B KOHTpOIIE), THIIEPriIo0ymuHeMus (42,6+1,4 /1), 3HAUNTETHHOE CHIDKEHHUE alb-
OyMuH-TIIO0YITHHOBOTO K03 dumumenta (0,69+0,03 mpotus 1,02+0,07 B koHTpOIE). YpoBeHs C-peakTHBHOTO Oenka y
xuBoTHBIX ¢ HKC mpeBblian mokasareiu Kak 310poBbix kormiek (164,1+5,6 /1 npotus 82,9+1,4 /1), Tak u TPYIIIHI C
XBI1 6e3 kapauanbHbIX ocioxaeHuHd (128,5+3,2 1/11), 4TO NOATBEPIKIAET HAJTMYHE CUCTEMHOT0 BocmaneHus. [lapameTpsl
azoremun (MoueBHHa, kpeatuHuH, CJIMA) He nmenu 3HauuMBbIX pasnuuunii mexay rpynnamu ¢ XBbI1 u HKC, Ho Obun
MOBBIIIEHB! OTHOCUTENIFHO KOHTPOJIA.

Oocyacoenue u 3axniouenue. OOHAPYKCH yCUIICHHBIH KETOTEHE3 Y KOILEK ¢ 00EUMHU NaTOJOTUsMH, BEPOSTHO, CBS3aH-
HBII ¢ ypeMHU4ecKol MHTOKCHKannei u katabomaeckumu nporeccamu. HKC y xorrek xapakrepusyeTcs BRIpaXEHHBIM
CHCTEeMHBIM BOCHAJICHHUEM, HApYIICHHEM OeJIKOBOr0 0OMEHa M METabOJIMUECKHMH cBUraMH. [loydeHHbIe pe3ysbTaThl
MOAYEPKUBAIOT BAXKHOCTh MHTETPAIIMN OLEHKH BOCIIAIMTEIBHBIX M METa00oIMIecKiX MapkepoB B auarHoctuky HKC, a
TaKke HEOOXOIMMOCTh JANBHEHIINX WCCIECJOBAHUN /sl YCTAaHOBJICHHS NPHUYMHHO-CIIEACTBEHHBIX CBSI3eH B paMKax
HedpoKapIHaIbHOTO KOHTHHYYMa.

KiroueBnle c1oBa: HehpoKapAUaIbHBIH CHHAPOM, THATHOCTHKA, OMOXUMHUYECKHE MaPaMETPhl, BTOPHYHAS KAPAHOMHO-
TaTHsl, IaTOTeHe3, KOIIKK, XpOHHUYECKasl MOUevHast HeJ0CTaTOYHOCTh

duHaHcupoBaHue. lccienoBaHue BBINOJHEHO 3a cueT rpaHTa Poccmiickoro HaywyHoro ¢onma Ne 24-26-00090,
https://rscf.ru/project/24-26-00090/

Jas muruposanus. benxun K.E., Baraukos F0.A., Cotauxona E.Jl., Hotuna E.A., Kporosa E.A. buoxummnueckue napa-
METpPbI CBIBOPOTKU KPOBH y KOIIEK ¢ He(pOKApAHAILHBIM CHHAPOMOM. Bemepunaprnas namonocus. 2025;24(4):27-34.
https://doi.org/10.23947/2949-4826-2025-24-4-27-34

Introduction. Chronic kidney disease (CKD) is a
widespread, progressive disorder in older cats that signifi-
cantly increases the risk of their death [1]. Often, CKD be-
comes a background for developing comorbidities includ-
ing hypertension, liver damage, hyperparathyroidism, elec-
trolyte disturbances and anaemia [2, 3]. Due to advances in
veterinary nephrology, many cats now live longer, how-
ever, renal dysfunctions can lead to development of sec-
ondary cardiac damages [4—7]. This condition is known as
nephrocardial syndrome (NCS) — a combination of CKD

and secondary cardiomyopathy [8, 9]. Many studies ascer-
tain the crucial role of systemic inflammation in progres-
sion of both renal and cardiac failures in animals [10-12].
Cardiomyopathies and valvular heart diseases are often as-
sociated with elevated inflammatory markers (C-reactive
protein, fibrinogen, cytokines), as well as with changes in
blood values such as neutrophilia and elevated ESR [13—
15]. Similar changes are observed in cats with CKD.
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Another important factor is neurohormonal activation
(involving Renin-Angiotensin-Aldosterone System, Sympa-
thetic Nervous System): high level of angiotensin Il in-
creases oxidative stress, inflammation and cell death, which
accelerates kidney and cardiac damage [9]. Furthermore,
pharmacotherapy itself can contribute to the development of
nephrocardial and cardiorenal syndromes [16]. For example,
loop diuretics (furosemide, torasemide) can cause hypovole-
mia and impair renal blood flow, while simultaneously acti-
vating the Renin-Angiotensin-Aldosterone System, which
aggravates damage to renal and cardiac tissues [17, 18].

Cases of cardiac damage caused by renal dysfunctions
in cats described in the literature do not provide a complete
understanding of the mechanism of syndrome develop-
ment. In particular, the role of systemic inflammation and
protein-energy metabolism disorders in the pathogenesis of
NCS remains unclear. Identification of specific biochemi-
cal markers can reveal the key mechanisms of syndrome
development. The aim of the study is to investigate the pro-
file of biochemical parameters (protein metabolism, mark-
ers of inflammation, azotemia and ketonemia) in the blood
serum of cats with nephrocardial syndrome to identify spe-
cific patterns of disorders that would become a basis for
development of a comprehensive approach to early diag-
nostics and efficient treatment of this comorbidity.

Materials and Methods. Data for the retrospective
analysis were collected from 82 medical records of cats ad-
mitted to Moscow veterinary clinics (Vetlife, Epiona, and
Zooacademy) in the period from 2021 to 2025. Two exper-
imental groups (37 cats with NCS; 23 cats with CKD with-
out cardiac complications) and one control group (22
healthy cats) of animals were formed.

Exclusion criteria for all groups were: acute kidney in-
jury; prerenal or postrenal azotemia; infectious, toxic or
obstructive nephropathies (including pyelonephritis); acute
inflammatory processes; pathologies of the liver and pan-
creas, oncological diseases; FeLV/FIV virus infection car-
rier state; platelet aggregation that might distort haemato-
logical analysis.

The main experimental group (NCS, n=37) consisted of
cats that met the following diagnostic criteria: CKD stages
I1I-1V according to the IRIS classification (mean value
3.440.1); proven cardiomyopathy manifested in concentric
left ventricular hypertrophy and/or left atrial dilation; aver-
age age — 132.9+4.9 months.

The second experimental group (CKD without cardiac
complications, n=23) consisted of animals meeting the fol-
lowing inclusion criteria: CKD stages I11-1V according to
IRIS classification (mean value 3.4+0.1) and absence of
structural cardiac changes as follows from the results of
echocardiography. The average age — 131.4+7.3 months.

The control group (n=22) included healthy cats (aver-
age age 126.1+£6.5 months), which were selected based on
the following criteria: absence of clinical deviations; nor-
mal laboratory parameters; negative tests for FeLV/FIV.
These animals underwent routine preoperative examina-
tion or prophylactic medical examination.

Laboratory tests were used to form groups and verify
the diagnosis. Haematological analysis was performed us-
ing a HEMAX 53 VET automated analyzer (B&E Bio-
technology Co., Ltd, China) [1, 18]. The leukocyte count
was determined in smears in compliance with the Roma-
novsky-Giemsa method. Serum biochemical parameters
(urea, creatinine, total protein, and albumin) were deter-
mined using a CS-600B analyzer (Dirui Industrial Co.,
Ltd., China) [17]. Instrumental methods such as echocardi-
ography and electrocardiography were also used [9].

Statistical analysis at the first research stage included
Shapiro-Wilk test of normality (Shapiro-Wilk test). At the
second stage, groups were compared using Student's t-test
(for parametric data). Data were presented as M+m (mean
value + standard error). Statistical significance level was
determined using the Mann-Whitney test and was consid-
ered significant at p<0.05.

Results. Examination of blood serum biochemical pa-
rameters reflecting protein metabolism is crucial for under-
standing the pathogenesis of feline nephrocardial syn-
drome (Table 1).

Analysis of protein metabolism and inflammatory
markers in cats with nephrocardial syndrome is of particu-
lar practical importance for understanding the pathogenetic
mechanisms underlying comorbid nephrocardial pathol-
ogy. Regarding the parameters of the main protein frac-
tions in sick animals, it is important to note the following:
the concentration of total protein in the blood serum was
significantly elevated in NCS compared to the CKD group.
Concurrently, the serum albumin concentration in animals
with both CKD and NCS was significantly reduced com-
pared to the control group. Moreover, the intergroup sig-
nificance for this biochemical parameter was quite high
(NCS relative to CKD). Regarding the serum globulin, it is
necessary to emphasize the presence of more pronounced
hyperglobulinemia in animals with NCS compared to
CKD. The A/G ratio in animals with CKD, compared to
the healthy group, was not statistically different. However,
this parameter significantly decreased in NCS group com-
pared to both CKD and the control groups.

Analysis of globulin fractions showed that in cats with
NCS, compared to cats with CKD, the concentration of a1-
, a2-, and B-globulins in serum was significantly increased,
whereas, y-globulin concentration was sharply decreased.
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Table 1

Biochemical parameters of blood serum in cats of three groups (n=82) showing protein metabolism

Control (healthy Experimental groups (sick Statistical si.gnificance
Parameter cats, n=22) cats) (Mann-Whitney test)
' CKD (n=23) | NCS (n=37) pl p2 p3
Total protein, g/l 69.9+1.6 66.6+2.1 70.7+1.4 <0,1 <1 <0,05
Albumins, g/l 34.24+0.6 31.6+0.7 28.1+0.5 <0.05 <0.001 <0.001
Globulins, g/l 35.7+1.7 34.9+2.1 42.6+1.4 <0.5 <0.01 <0.01
AJG ratio, units 1.02+0.07 0.97+0.06 0.69+0.03 <1 <0.001 <0.001
Alpha-1 globulins, g/l 7.0£0.3 8.7+0.2 11.8+0.4 <0.001 <0.001 <0.001
Alpha-2 globulins, g/l 7.1£0.2 8.6+0.2 10.6+0.2 <0.001 <0.001 <0.001
Beta globulins, g/l 8.6+0.5 14.9+0.7 17.6+£0.4 <0.001 <0.001 <0.01
Gamma globulins, g/l 13.5t1.4 6.8+1.3 8.1+0.9 <0.001 <0.01 <0.5
C-reactive protein, g/l 82.9+1.4 128.5+£3.2 164.1+£5.6 <0.001 <0.001 <0.001

Note: CKD — chronic kidney disease;
NCS — nephrocardial syndrome;

pl — between healthy cats and cats with chronic kidney disease;

p2 — between healthy cats and cats with NCS;
p3 — between cats with chronic kidney disease and NCS.

Similar changes, albeit to a lesser extent, were also ob-
served in the CKD group compared to the control group.
Such an inflammatory marker as C-reactive protein, was
also measured in the serum of cats with NCS. This bio-
chemical parameter was found to be elevated in cats with
CKD (compared to control group). However, the greatest
increase of C-reactive protein concentration in serum was
observed in cats with NCS (compared to cats from control
and CKD groups).

Thus, cats with NCS exhibit pronounced dyspro-
teinemia, manifested in hypoalbuminemia, hyperal-
phaglobulinemia (especially of the a1 fraction), and signif-
icant increase of B-globulin concentration in serum. There-
fore, a pronounced inflammatory component has been es-
tablished in the pathogenesis and progression of NCS in

cats. This statement is also confirmed by a sharp increase
of C-reactive protein concentration in serum. The develop-
ment of a pronounced systemic inflammatory response to
renal and cardiac failures has been determined in other
studies too. The degree of inflammatory response corre-
lates with the severity of many chronic diseases. The ob-
tained data indicate the presence of more pronounced sys-
temic inflammation in domestic cats with NCS, presence
of significant protein metabolism disorder and highly prob-
able synergism of renal and cardiac damage. This requires
a separate, detailed analysis to understand the pathogenetic
mechanisms.

Data on the assessment of azotemia levels in sick cats
are presented in Table 2.

Table 2
Assessment of azotemia parameters in cats of three groups (n=82)
Control Experimental groups Statistical significance
ick Mann-Whi
Parameter e agi;c])upc i (sick cats) (Mann itney test)

n—zyz) | CcKD(n=23) | NCS (n=37) pl p2 p3
Urea, 6.8+0.3 28.9+1.1 29.9+0.6 <0.001 <0.001 <I
mmol/|
Creatinine, pmol/l 104.0+8.4 356.6£11.0 390.4+13.1 <0.001 <0.001 <0.1
Urea{ . . 81.8+12.3 83.6+4.8 79.94+3.2 <0.1 <0.1 <0.5
creatinine, units
i;’:ﬁA’ 12.2+0.7 34.0+2.0 36.2+1.0 <0.001 <0.001 <0.5

Note: CKD — chronic kidney disease;

NCS — nephrocardial syndrome;

SDMA — symmetric dimethylarginine;

pl — between healthy cats and cats with chronic kidney disease;
p2 — between healthy cats and cats with NCS;

p3 — between cats with chronic kidney disease and NCS.
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Urea, a biochemical parameter determining azotemia
level, was significantly elevated in cats with both CKD and
NCS (compared to the cats from control group). No inter-
group differences in serum urea concentration were found
between cats with CKD and NCS. Creatinine, the end prod-
uct of creatine metabolism, is considered the most im-
portant biochemical parameter of azotemia level in small
animals. A significant increase in serum creatinine levels
was observed in cats with CKD and NCS (compared to cats
from control group). Whereas, no differences were found
between the CKD and NCS groups. The “urea/creatinine”
ratio showed no statistically significant differences be-
tween the three groups of animals. SDMA, a marker of re-
nal dysfunction, was statistically significantly elevated in
animals with CKD and NCS (compared to animals from
the control group). At the same time, this biochemical pa-
rameter did not differ between the experimental groups
with pathologies (NCS vs. CKD).

When assessing metabolic changes in cats with CKD
and NCS, it is important to consider the concentration of
ketone bodies—intermediate products of lipid, fat, and car-
bohydrate metabolism. Significant ketonemia was found in
cats with CKD (compared to cats from control group) and
in cats with NCS (compared to cats from controls group)

(Fig. 1). However, no intergroup differences were found in
cats with pathologies (NCS vs. CKD).

Thus, the values of serum biochemical parameters in

cats with CKD and NCS indicate that cardiac component
does not have additional effect on azotemia levels. Signif-
icant metabolic disorders were identified: increased keto-
genesis in both CKD and NCS conditions. Ketogenesis in
cats with CKD was also noted in another study [17]. In cats
with NCS, we observed a systemic inflammatory syn-
drome, manifested in dysproteinaemia. Serum SDMA con-
centration in cats with NCS confirms renal dysfunction but
does not reflect involvement of cardiac pathophysiological
mechanisms. Metabolic disorders (ketogenesis) may be as-
sociated with uremic intoxication, energy metabolism dis-
orders, and underlying catabolic state.
Analysis of blood serum parameters such as total protein
and its fractions, albumin to globulin ratio and protein-
catabolic markers is particularly important for assessing
severity of NCS in cats. These parameters clearly reflect
impaired liver synthesis function, protein loss through
damaged renal filters, the systemic inflammatory response,
and metabolic changes associated with the development of
nephrocardial continuum.
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Fig. 1. Ketonemia in cats with nephrocardial syndrome
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Discussion and Conclusion. The study revealed the
main differences in biochemical parameters in cats with
chronic kidney disease and nephrocardial syndrome, em-
phasizing the role of systemic inflammation and metabolic
disorders. NCS in cats is pathogenetically characterized by
a pronounced inflammatory component, manifested in dys-
proteinaemia (hypoalbuminemia, hyperalpha- and beta-
globulinemia), as well as a sharp increase in serum C-reac-
tive protein concentration. Azotemia parameters (urea, cre-
atinine, SDMA) are significantly elevated in both patholo-
gies but do not differ between the groups of cats with CKD
and NCS. This suggests that the cardiac component of
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