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Abstract

Introduction: Based on many previous studies, liver cirrhosis is traditionally associated with cardiac dysfunction. The main clinical fea-
tures of cirrhotic cardiomyopathy include attenuated systolic contractility in response to physiologic or pharmacologic strain, diastolic
dysfunction, electrical conductance abnormalities, and chronotropic incompetence. Previous studies have found that the levels of brain
natriuretic peptide (BNP) and its precursor the N-terminal pro B-type natriuretic peptide (NT-proBNP) are elevated in cirrhosis with
systolic as well as diastolic dysfunction.

Aim: The aim of this study was to establish the association between early changes in cardiac function in patients with liver cirrhosis and
NT- proBNP plasma levels.

Materials and methods: Forty-two consecutive hospitalized patients with viral-related cirrhosis were studied. We also evaluated a con-
trol group of 20 age and sex-matched patients with arterial hypertension. All underwent abdominal ultrasound, upper GI endoscopy,
ECG, and echocardiography, and their plasma levels of NT-proBNP were determined.

Results: We observed higher NT-proBNP plasma levels in cirrhotic patients than in controls. We also found that atrial volumes, ejec-
tion fraction and partially left ventricular mass and PAPs (systolic pulmonary arterial pressure) were significantly altered in comparison
with the hypertensive controls. Supporting previous studies, we also found that the mean QTc interval was prolonged in 65% of women
and 96% of men.

Conclusions: In conclusion, the present study shows that plasma NT-proBNP levels, LAD (left atrium diameter), the E/A ratio, EDT
(end diastolic time) and E/e’ ratio may be reliable indicators of the extent of cardiac abnormalities in cirrhotic patients.

Keywords

cirrhotic cardiomyopathy, diastolic dysfunction, liver cirrhosis, portal hypertension, prolonged QTc

INTRODUCTION

with cirrhosis.'2! CCM is characterized by impaired sys-
tolic or diastolic function, electrophysiological abnormal-
Cirrhotic cardiomyopathy (CCM) is a pathological condi- ities with a prolonged ventricular repolarization (QT in-
tion defined as a chronic cardiac dysfunction in patients  terval), and chronotropic incompetence.3-*! Recent studies
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have demonstrated that high serum levels of NT-proBNP
are present in patients with chronic liver diseases of viral
etiology.l8] As it seems to be related to the severity of liver
disease and cardiac dysfunction, it should be a useful mark-
er to identify cirrhotic patients with increased cardiovascu-
lar risk and therefore, a worse prognosis.

Pathogenesis of CCM

The underlying mechanisms involved in CCM are com-
plex. CCM predominantly involves systemic multi-facto-
rial cellular, neuronal and humoral signaling pathways.
These include the impaired B-receptor and calcium sig-
naling, altered cardiomyocyte membrane physiology, ele-
vated sympathetic nervous tone, and increased activity of
vasodilatory pathways predominantly through the actions
of nitric oxide (NO), carbon monoxide, and endocanna-
binoids.*!) In addition, circulating plasma levels of in-
flammatory and vasoactive molecules such as endothelins,
glucagone, vasoactive intestinal peptide, tumor necrosis
factor (TNF)-a, prostacycline and natriuretic peptide are
usually accumulated in cirrhosis due to concomitant liver
insufficiency and the presence of portosystemic collater-
als, and, therefore, might be implied in the CCM patho-
genesis.[1011

Systolic dysfunction

Systolic dysfunction is mostly latent in patients with cirrho-
sis. Although the left ventricular systolic function (LVSF)
at rest is normal in cirrhotic patients!>>2) when assessed
by invasive and non-invasive methods, subtle alterations
could be detected under conditions of stress or by using
new echocardiographic techniques at rest!!?l. New tech-
nique to assess cardiac function, with major focus on the
left ventricle (LV) in the clinical setting is two-dimensional
speckle tracking echocardiography (2D-STE).[!3]

Diastolic dysfunction

Abnormalities of diastolic function are an early marker
of CCM. Patients with cirrhosis show dilatation and in-
creased LA volumes, increases in LV diameters but not
volumes, increases in the thickness of the posterior wall of
the LV and the interventricular septum, a prolongation of
the isovolumic relaxation time (IVRT), decreased peak E
velocity (early rapid filling phase), prolongation decelera-
tion times (DT) of the E wave, and finally increased peak
A velocity (atrial contraction during late diastole).[!1114-16]
IVRT and DT may be prolonged in cirrhotic patients ir-
respective of the presence of ascites but a significantly re-
duced E/A ratio has been seen in ascitic subjects.[>1%:12:17]
(The E/A ratio is the ratio of peak velocity blood flow from
left ventricular relaxation in early diastole — the E wave —
to peak velocity flow in late diastole caused by atrial con-
traction — the A wave).

Potential Marker of Cirrhotic Cardiomyopathy

Electrophysiological anomalies

Cirrhosis has been found to be associated with a number
of electrophysiological anomalies such as abnormalities in
the QT interval, electromechanical uncoupling, and chro-
notropic incompetence, the onset of which is thought to
be influenced by endotoxins, severe portal hypertension,
and autonomic dysfunction (sympathetic nervous system
defects [SNS] and vagus injury).['®1°] The mechanisms un-
derlying prolonged QTc interval in patients with liver dis-
ease are not clear, they are thought to be associated, at least
in part, with autonomic dysfunction!'>!*! and heart expo-
sure to humoral factors (cytokines, endotoxins, and bile
salts) through porto-systemic shunts!!>17-19! in the setting
of decreased function of two types of potassium channels
in ventricular myocytes.

Biomarkers of cardiac dysfunction in
liver disease

BNP and its pro-hormone, NT-proBNP, are both secreted
by heart ventricles in response to massive stretching of mus-
cle cells or to mild cardiac damage and are capable of reduc-
ing blood pressure and cardiac hypertrophy.[%® Previous
studies have shown that high serum levels of NT-proBNP
are present in patients with chronic liver diseases of viral
etiology.[%32%] As they seem to be related to the severity of
liver disease and cardiac dysfunction, they should be useful
markers to identify cirrhotic patients with increased cardio-
vascular risk and thus, worse prognosis.®-$1¢)

AIM

In this study, we aimed to assess in a well-characterized
cohort of patients with cirrhosis of non-alcoholic etiology,
before or after the development of ascites, the expression
of NT-proBNP and of other parameters of cardiac dys-
function in order to determine whether the behavior of
NT-proBNP is linked to the stage of liver disease or to a
cardiac dysfunction secondary to cirrhosis.

MATERIALS AND METHODS

Forty-two consecutive hospitalized patients with viral-re-
lated cirrhosis were studied. We also evaluated a control
group of 20 patients with arterial hypertension matched for
age and sex. All underwent abdominal ultrasound, upper
GI endoscopy, ECG, and echocardiography, and had the
plasma levels of NT-proBNP determined (Table 1).

Plasma NT-proBNP analysis

Blood was drawn from a forearm vein after at least 10 min-
utes of resting supine. Venous blood samples (5 ml) were
collected into chilled tubes containing EDTA as anticoagu-
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Table 1. Demographic characteristics of patients with LC and controls

Controls Child A Child B Child C
Total 20 6 19 17
Men 13 4 13 16
Women 7 2 6 1
Age 52+10 56+8 54+9 579

lant. Blood was centrifuged as soon as possible and the plas-
ma was then stored at —70°C for later analysis. NT-proBNP
measurements were done using an ELISA.

Statistical analysis

SPSS for Windows, version 16, was used for data analysis.

RESULTS

The cirrhotic male patients were 78.6% at the median age of
62 years, and the female patients were 21.4% at the median
age of 60 years. The control subjects (mean age 60.6+8.4
years, 12 men and 8 women) were comparable for arterial
hypertension prevalence to the cirrhotic population. Cir-
rhotic patients had significantly higher NT-proBNP plas-
ma levels compared to controls. Similarly, left atrial volume
(LAV) and left ventricular ejection fraction were signifi-
cantly altered in cirrhotic patients as compared to controls,
and a trend was observed for left ventricular mass and sys-
tolic pulmonary arterial pressure (PAPs) (Table 2).

Linear regression analysis in patients with cirrhosis
revealed that NT-proBNP levels were directly related to
hepatic dysfunction (lower albumin, lower INR, ascites,
cirrhosis stage, and Child-Pugh score), renal impairment
(higher serum creatinine levels) and with larger atrial
volumes. Liver disease progression has been found to cor-
relate with cardiac dysfunction. The observed changes in
terms of E/A ratio, deceleration time, mean pulmonary
pressure, TDR of LC, interventricular septal thickness
(ICP), posterior wall of left ventricle (LC), size of LV and
FI were in accordance with the progression of liver dis-
ease. Diastolic dysfunction was observed in all patients
with varying degrees of hepatic impairment, and systolic
dysfunction with decreased ejection fraction was reported
in Child C (Table 3).

Table 4 shows factors associated with presence of asci-
tes. As expected cirrhotic patients with ascites had a higher
impairment of both liver and kidney function compared
to their counterpart without ascites. They also had higher
NT-proBNP and CK-MB plasma levels and a trend to larg-
er atrial and to a higher E/A ratio.

The values of all QT interval-related parameters were
higher (p<0.001) in patients with cirrhosis than those in
controls. QTc interval was prolonged in 65% of females and
96% of males, supporting the previous studies.l”! Although

we found many changes in echocardiographic parameters
in our population, the only echo index that showed an in-
termediate correlation with the QTc interval was LVEDD
(r=0.41, p<0.001). In addition, prolonged QTc is associated
with the stage of liver disease. Therefore, we can conclude
that there is a relationship between congested heart and
prolonged QTc.

Fig. 1 shows the mean levels of NT-proBNT depending
on the stages of liver cirrhosis.

As seen in Fig. 1, the plasma levels of NT-proBNP are
higher in patients with advanced liver disease.

DISCUSSION

In our study, we observed higher NT-proBNP plasma levels
in cirrhotic compared to controls. We also observed that
LVEDV is increased proportionally to the severity of the
liver cirrhosis. We found that hypertrophy of LV, LV and
LA dilatation, and diastolic and systolic dysfunction of the
LV are correlated with the severity of the liver cirrhosis. The
emergence of ascites is a very important moment. Its pro-
gression correlates significantly with the dilatation of the
left chamber, the degree of diastolic and systolic dysfunc-
tion. In this study, we also observed that patients with asci-
tes, compared to those without ascites, have higher plasma
levels of NT-proBNP and respectively larger atrial volumes.
According to some published data and our own results, we
can conclude that LV hypertrophy, LA and LV dilation as
well as Doppler data showing impaired relaxation are early

Figure 1. NT-proBNP plasma levels in controls and patients with
cirrhosis based on Child-Pugh classification.
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predictive factors for the development of CCM. Concern-
ing the investigated biomarker NT-proBNP, we found that
its levels correlated with the stage of liver disease. Along
this line, we also observed higher NT-proBNP plasma lev-
els in cirrhotic compared to controls. Importantly, a signif-
icant correlation was observed between NT-proBNP and
Child class, suggesting that plasma NT-proBNP levels are
likely to be related to the severity of cirrhosis. Accordingly,
our data confirm the hypothesis already reported by Hen-
riksen et al.l8], that NT-proBNP levels could be a marker
of cardiovascular diastolic dysfunction in patients with end
stage liver disease, acting as mediator of splanchnic vasodi-
latation in liver cirrhosis!>!41¢l, Recent studies use speckle
tracking for early diagnosis of systolic dysfunction. While
conventional parameters demonstrate no alteration in sys-
tolic function, speckle-tracking analysis shows a significant
increase in LV longitudinal strain throughout all cardiac
layers, with significant correlation with the model of end-
stage liver disease (MELD) score. In the updated criteria
for diagnosis of cirrhotic cardiomyopathy by the Cirrhotic
Cardiomyopathy Consortium (CCC), the evaluation of LV
global longitudinal strain (GLS) in addition to left ventric-
ular ejection fraction (LVEF) has been proposed in order to
estimate systolic function.!3!

CONCLUSIONS

Our study shows that cirrhotic patients have larger atrial
volumes and biochemical changes (NT-proBNP) showing
cardiac dysfunction related to liver decompensation and
ascites. It is clinically relevant that NT-proBNP plasma lev-
els are increased proportionally to the severity of cirrhosis.
NT-proBNP can be used as a marker of cardiac subclinical
dysfunction participating to liver decompensation.

The next step in our study will be to evaluate the left ven-
tricular and atrial myocardial deformation in patients with
viral liver cirrhosis using speckle tracking technology.

REFERENCES

1. Abelmann WH. Hyperdynamic circulation in cirrhosis: a historical
perspective. Hepatology 1994; 20(5):1356-8.

2. Belay T, Gress T, Sayyed R. Cirrhotic cardiomyopathy among patients
with liver cirrhosis. Open ] Gastroenterol 2013; 3:344-8.

3. Karki N, Sudhamshu KC, Sharma D, et al. Cardiac dysfunction in pa-
tients with liver cirrhosis. ] Nepal Health Res Counc 2019; 17:357-61.

4. Lee SS. Cardiac abnormalities in liver cirrhosis. West ] Med 1989;

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

151(5):530-5.

Shweta P, Bajrang L, Pandey M, et al. A clinical study of cardiovas-
cular dysfunction in patients of cirrhosis of liver. Ann Int Med Dent
Res 2016; 2:212-5.

Singh AJ, Wyawahare M, Sarin K, et al. Association of N-terminal pro
brain natriuretic peptide with echocardiographic measures of diastol-
ic dysfunction in cirrhosis. Adv Biomed Res 2020; 9:55.

Goetze JP, Kastrup J, Pedersen F, et al. Quantification of pro-B-type
natriuretic peptide and its products in human plasma by use of an
analysis independent of precursor processing. Clin Chem 2002:
48(7):1035-42

Henriksen JH, Gotze JP, Fuglsang S, et al. Increased circulating pro-
brain natriuretic peptide (proBNP) and brain natriuretic peptide
(BNP) in patients with cirrhosis: relation to cardiovascular dysfunc-
tion and severity of disease. Gut 2003; 52(10):1511-7.

Moller S, Bendtsen F, Henriksen JH. Vasoactive substances in the
circulatory dysfunction of cirrhosis. Scand J Clin Lab Invest 2001;
61(6):421-9.

Moller S, Henriksen JH. Cirrhotic cardiomyopathy: a pathophysio-
logical review of circulatory dysfunction in liver disease. Heart 2002;
87(1):9-15.

Carvalho MVH, Kroll PC, Kroll RTM, et al. Cirrhotic cardiomyopa-
thy: The liver affects the heart. Braz ] Med Biol Res 2019; 52:7809.
Lunzer MR, Newman SP, Bernard AG, et al. Impaired cardiovascular
responsiveness in liver disease. The Lancet 1975; 2(7931):382-5.

Izzy M, VanWagner LB, Lin G, et al. Cirrhotic cardiomyopathy con-
sortium redefining cirrhotic cardiomyopathy for the modern era.
Hepatology 2020; 71:334-45.

Newby DE, Hayes PC. Hyperdynamic circulation in liver cirrhosis:
not peripheral vasodilatation but “splanchnic steal” Q J Med 2002;
95(12):827-30.

Torregrosa M, Aguadé S, Dos L, et al. Cardiac alterations in cirrhosis:
reversibility after liver transplantation. ] Hepatol 2005; 42(1):68-74.
Ziada D, Gaber R, Kotb N, et al. Predictive value of N-terminal pro
B-type natriuretic peptide in tissue Doppler-diagnosed cirrhotic car-
diomyopathy. Heart Mirror J 2011; 5:264-70.

Mochamad R, Forsey PR, Davies MK, et al. Effect of liver transplanta-
tion on QT interval prolongation and autonomic dysfunction in end-
stage liver disease. Hepatology 1996; 23(5):1128-34.

Genovesi S, Prata Pizzala DM, Pozzi M, et al. QT interval prolon-
gation and decreased heart rate variability in cirrhotic patients: rel-
evance of hepatic venous pressure gradient and serum calcium. Clin
Sci (Lond) 2009; 116(12):851-9.

Bhardwaj A, Joshi S, Sharma R, et al. QTc prolongation in patients
of cirrhosis and its relation with disease severity: An observational
study from a rural teaching hospital. ] Family Med Prim Care 2020;
9(6):3020-4.

Mihailovici AR, Donoiu I, Gheonea D], et al. NT-proBNP and echo-
cardiographic parameters in liver cirrhosis — Correlations with dis-
ease severity. Med Princ Pract 2019; 28:432-41.

744

Folia Medica | 2022 | Vol. 64 | No. 5



Potential Marker of Cirrhotic Cardiomyopathy

CbiBopoTouHblii NT-ProBNP B kKauecTBe
NoTeHUMaJ/IbHOro MapKepa LuppoTuyeckom
Kapauomuonarum

Mas Pucreckal, Trogmmna Bragumuposa-Kurtosa®?, Bragumup Angonos®>

! YMBAIJI ,,Cs. Teopeu’; [Tnosdus, Boneapus

2 [lepsoe omdenenue rympenux 6onesteil, omoenerue Kapouonoeuu, Gaxynvmem meduvunvl, Meduvyumnckuil ynusepcumem - Ilnosous, Ilnosdus,
Boneapus

3 Knunuxa kapouonoeuu, YMBAJI ,Ce. Teopeu’; ITnosous, Bonzapus

4 Bmopoe omdenenue snympennux 6onesteti, Paxynvmem medununvl, Meduyumnckuil ynusepcumem - ITnosdus, Inosdus, Bonzapust

5 Knunuka eacmpoanmeponozuu, YMBAJI ,,Kacnena®, IInoedus, bonzapust

Aapec ans koppecnoHaeHuun: Mas Pucrecka, YMBAJT ,,C. Teopru®, 6yn. ,,ITemepcko moce® Ne 66, 4001 ITnosaus, bonrapus; Email: majaristeska@
abv.bg; Ten.: +359 895 456 775

[Jara nonyyeHus: 15 mapra 2021 ¢ [lata npuemku: 8 okrsa6ps 2021 ¢ fata ny6nukaumm: 31 oxradps 2022

O6pasel uuTUpoBaHusa: Risteska M, Vladimirova-Kitova L, Andonov V. Serum NT-ProBNP potential marker of cirrhotic cardiomy-
opathy. Folia Med (Plovdiv) 2022;64(5):740-745. doi: 10.3897/folmed.64.65824.

Pe3tome

BBefeHune: Ha ocHoBaHMY MHOTMX HPeAbIAYLIMX UCCAEHOBAHMI IIMPPO3 IIeYeHN TPAJULIMOHHO aCCOMMPYETCA C CepHedHON fyc-
¢dynkuyeit. OCHOBHBIE KIMHMYECKMe IPY3HAKM IIMPPOTUYECKOI KapAMOMIOIATIN BK/IIOYAIOT CHYDKEHUE CUCTOMIMYECKO COKpaTH-
MOCTH B OTBET Ha (pM3MOMOrMIecKyIo iy GpapMaKoIOIrNIecKyio HarpysKy, AUacTOMNYECKYI0 AUCHYHKINIO, HAPYLICHNS 3/IeKTPOIPO-
BOJHOCTM U XPOHOTPOITHYIO HelOCTaTOYHOCTD. [IpeabIynne ucciefoBaHNA MOKa3aIy, 4YTO YPOBHY MO3TOBOTO HATPUITyPETUYECKOTO
nentrpa (MHII) u ero npenirecTBeHHMKa, N-KOHIIeBOTO ITpo-B-Tumna Harpuitypetndeckoro nenrtuga (NT-proBNP), moBblieHs! npu
IIPpO3e C CUCTOMMYECKO, @ TAKKe TUACTONMIMIeCKOI AMCHYHKITVEIT.

Liens: Llenpio faHHOTO UCCIENOBaHUA OBUIO YCTAHOBUTD CBA3b MEXXIY PAHHUMM M3MEHEHUAMM CepAedHOl QYHKIMY y MAlMeHTOB C
1nupposomM nedenu n yposHamu NT-proBNP B mmasme.

Matepuanbl U MeTofbl: Boinn 06¢cmenoBaHb! 42 MOCTEAOBATEIBHO FOCIIUTAIM3MPOBAHHbIX ITALMEHTA C BUPYCHBIM LIMPPO30M HeUeHN.
MbI TakKe OLEHWIVM KOHTPOJbHYIO Ipyniy u3 20 NalyeHTOB ¢ apTepyanbHOIl IMIEePTOHMEN, COMOCTABUMBIX IO IIOTy M BO3PACTY.
BceM 1M 651710 TpoBefeHo Y31 OpIOIIHOI IIOTOCTH, SHAOCKOMNSA BEPXHMX OTHE/IOB JKeMy[OYHO-KHIIeyHOoro Tpakra, IKI' 1 sxokapam-
orpa¢us, a Takxe 6b1m onpeeneHs! ypoBHu NT-proBNP B miasme.

Pe3ynbratbl: Mbl Habmofamu 6omee Bbicokne ypoBHU NT-proBNP B n1asMe y HaIieHTOB C IIPPO30OM IIeYeHM, 4YeM B KOHTPOJIbHOI
rpymre. Ml Taxoke 00Hapy>XWIN, 9TO 00'bEMBI ITpefcepuit, GpaKimsa BHIOPOCca 1 YaCTUYHO Macca JIEBOTO JKenmyfouka u PAPs (cncro-
JIMYeCKoe JaBJIeHNUe B JIETOYHOI apTepuy) ObUIM 3HAYMUTETBHO M3MEHEHDI 110 CPAaBHEHMIO C KOHTPOJIBHO TPYIIIION C IMIIePTEeH3NelL.
IMoxnep>xuBast MpeRbIAYIINe UCCIEOBAHMA, MBI TaKOKe OOHAPYXXWIM, 4TO cpefHmit nHTepBan QTc ObUT yuMuHEH y 65% XEHIIVMH U

96% MY>XYMH.

3aKknioyeHue: B saxmoueHne, HacTosAllee MCCIeNOBaHNe ITOKa3bIBaeT, 4YTo ypoBHU NT-proBNP B mnasme, LAD (mmamerp neBoro
npepcepays), otHowenne E/A, EDT (koHeuHOe ayacTommyeckoe Bpems) 1 oTHolleHue E/e> MoryT 6bITh HATEXHBIMU MHMKATOPAMU
CTeIleHN CepAevHOI HeOCTATOYHOCTH Y 6O/IBHBIX LIVPPO3OM.

KnwoueBble cnoBsa

IMppOTUIECKAA KapAMOMINONIATUA, ANACTONINYIECKAA JII/IC(l)YHKLU/IH, OUppoO3 NE€YECHN, IIOpTa/IbHAA TUIIEPTEH3NA, YIJIMHEHNE IHTEPBajia

QTc
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