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Background: Diastolic dysfunction (DD), one of the earliest signs of cirrhotic cardiomyopathy (CCM), is included in the revised 2019 CCM criteria. Nonetheless, relevant research regarding the effects of revised DD on post-liver transplantation (LT) outcomes remains limited.



Methods: This retrospective study enrolled patients who underwent LT for decompensated cirrhosis, from January 2018 to March 2021. Patients were divided into DD and non-DD groups. Clinical data were collected. Patients were followed up with, for at least 1 year post-LT; cardiovascular adverse events (AEs) and survival status were recorded. Risk factors were identified using 1:2 propensity score matching (PSM), after adjusting for confounding factors. The caliper value was set to 0.02.



Results: Of 231 patients, 153 were diagnosed with DD (male, 81.8%; mean age, 51.5 ± 9.5 years). Nineteen patients with DD died within 1 year, post-LT. After PSM, 97 and 60 patients were diagnosed with and without DD, respectively. Patients with DD had longer intensive care unit (ICU) stays, higher perioperative cardiovascular AEs, and higher mortality rates than those without DD. In a multivariate analysis, interventricular septum (IVS), left atrial volume index (LAVI), and potassium levels were independent prognostic factors of perioperative cardiovascular AEs, while a decreased early diastolic mitral annular tissue velocity (e’), increased neutrophil-to-lymphocyte ratio (NLR) and tumor markers were predictors of mortality within 1 year post-LT after PSM (P < 0.05).



Conclusion: Cardiac DD may contribute to perioperative cardiovascular AEs and mortality post-LT. Clinicians should be aware of decompensated cirrhosis in patients with DD.
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Introduction

Cirrhotic cardiomyopathy (CCM) is defined as impaired contractility due to stress and/or diastolic dysfunction (DD) with electrophysiological abnormalities (1, 2), which is associated with a high incidence of complications and poor survival after liver transplantation (LT) (3, 4). The prevalence of CCM is approximately 33%–53% in patients on the transplant waiting list (5). Some studies have shown that early to late diastolic trans-mitral flow velocity (E/A), isovolumetric relaxation time (IVRT), and time-delay estimation (TDE) are prognostic markers of CCM (6).

DD, as one of the earliest signs of CCM, was entirely updated in the revised 2019 criteria (7) of the Cirrhotic Cardiomyopathy Consortium (CCC), including septal early diastolic mitral annular tissue velocity (e’), early diastolic trans-mitral flow to early diastolic mitral annular tissue velocity (E/e’), left atrial volume index (LAVI), and tricuspid regurgitation maximum velocity (TRV). Nonetheless, relevant research is limited.

This study aimed to investigate the effects and predictive value of revised DD on post-LT outcomes, based on the revised 2019 CCC criteria.



Materials and methods


Study design and participant selection

This retrospective study enrolled patients aged 18–70 years, diagnosed with decompensated cirrhosis (8) at the Affiliated Hospital of Qingdao University, Qingdao, China, between January 2018 and March 2021. Patients were divided into two groups (DD or non-DD group), according to echocardiographic examinations of cardiac diastolic function a week before operation, based on the revised 2019 CCC criteria (9–11). DD was determined if three of the following criteria were met: E/e’ > 15, LAVI > 34 ml/m2, e’ < 7 cm/s or TRV > 2.8 m/s. Patients who had known heart disease pre-transplant were excluded. The flow diagram of the study is illustrated in Figure 1. The study was approved by Clinical Trials (NCT04976764) and the Ethics Committee of the Affiliated Hospital of Qing Dao University (QYFYWZLL 26462). All involved persons gave their informed consent (written or verbal, as appropriate) prior to study inclusion.


[image: Figure 1]
FIGURE 1
Patient flow diagram.




Statistical analysis

Enumeration data are presented as frequencies (percentages) and the significance is determined by chi-square test or Fisher's exact test. Intergroup comparisons were performed using a Student's t-test or Mann-Whitney U test. Multivariate logistic regression analysis models were used to identify independent and predictive factors for poor outcomes. Survival status was assessed using Kaplan–Meier curves and the log-rank test. Significant variables in the univariate analysis were tested in a multivariate analysis using Cox's proportional hazard model, to identify the predictors of survival. The caliper value of propensity score matching (PSM), adjusted for confounders, was set to 0.02. A P-value < 0.05 was regarded as statistically significant. SPSS (version 26.0, IBM, New York, USA) was used to analyze the data.




Results


Baseline characteristics and serological indexes

Baseline characteristics of the 231 patients were collected (male, 81.8%; mean age 51.5 ± 9.5 years) (Table 1). A total of 153 (66.2%) patients in the DD group were diagnosed with DD with normal left ventricular ejection fraction, according to the 2019 CCC criteria. Before PSM, the patients with DD tended to be older (P < 0.01) and were more likely to have hypertension (P < 0.01) and diabetes (P < 0.05), in comparison to patients without DD. After PSM, there were 97 patients in the DD group and 69 patients in the non-DD group, with no notable differences in sex, age, smoking status, etiology, and basic diseases, including hypertension and diabetes.


TABLE 1 Comparisons of baseline characteristics between patients with and without DD.
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A comparison of the serological indices and inflammatory markers in Table 2 showed that erythrocyte, hemoglobin, and carbohydrate antigen (CA) 19-9 levels differed significantly between the groups, after PSM (P < 0.05). No differences were noted in the systemic immune-inflammation index (SII), platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio (NLR) between the groups (P > 0.05). Additional results of routine laboratory tests, including complete blood cell counts, liver function, renal function, blood lipids, electrolytes, glucose, myocardial enzymes, coagulation function, and other tumor markers, are described in Supplementary Table S1 of Appendix 1.


TABLE 2 Comparisons of routine laboratory test results and inflammatory markers between patients with and without DD.
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More echocardiographic abnormalities in patients with DD

There were significant differences in the septal e’, E/e’, and tricuspid regurgitation (TR) maximum velocity between the groups (P < 0.01). Moreover, it was found that pulmonary artery systolic pressure, left ventricular pulse wave, and interventricular septum (IVS) were higher in the DD group than in the non-DD group, before and after PSM (P < 0.01). The median QT interval was not prolonged (P > 0.05). Other echocardiographic characteristics are presented in Table 3.


TABLE 3 Comparisons of echocardiography parameters and QT interval between patients with and without DD.
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More serious liver diseases in patients with DD

Patients with DD had an increased Child-Pugh class score before and after PSM (P = 0.003 and P = 0.045, respectively). No significant differences were observed with respect to cardiac function class, model for end-stage liver disease (MELD) score, physician global assessment score, American Society of Anesthesiology score, bleeding volume, and volume of blood transfusion by PSM (Supplementary Table S2 of Appendix 1). Nonetheless, patients with DD had longer intensive care unit stays than those without DD (P < 0.05) (Table 4).


TABLE 4 Comparison of scoring-based estimation and procedure-related data between patients with and without DD.
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Poor post-LT outcomes in patients with DD

Enrolled patients were followed up, for at least 1 year. In total, 29 patients (12.6%) developed perioperative cardiovascular adverse events (AEs), 24 of whom had DD. Patients with DD frequently experienced perioperative cardiovascular events (15.7% vs. 6.4%, P < 0.05) (Table 4). In a multivariate analysis, anhepatic time (P = 0.030), potassium levels (P = 0.024), IVS (P = 0.018), and bleeding volume (P = 0.046) were found to be independent predictors of the incidence of perioperative cardiovascular AEs before PSM. Considering age, sex, etiology, smoking status, and basic diseases, IVS (P = 0.008), LAVI (P = 0.047), and potassium level (P = 0.003) were independently correlated with perioperative cardiovascular AEs after PSM (Table 5).


TABLE 5 Univariable and multivariable logistic regression analysis of perioperative cardiovascular adverse events.
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Twenty-one patients (9.10%) with DD died within the first year of follow-up. The causes were mainly AEs, graft rejection, progression of liver disease and sepsis (Table 6). But we found no statistically significant association between DD and each clinical event. The Kaplan–Meier curves in Figure 2 show that patients with DD had lower survival rates than those without DD. In a multivariable Cox regression analysis, carcinoembryonic antigen, e’, and left ventricle end-systolic internal diameter were correlated with the occurrence of death, within 1-year post-LT. In the model adjusted by PSM, decreased e’, increased NLR and tumor markers were associated with a greater 1-year mortality rate (Table 7).
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FIGURE 2
Kaplan-Meier curves of 1-year mortality post-LT before and after propensity score matching analysis. (A) Before-PSM. (B) After-PSM. P-value < 0.05 was regarded as statistically significant.



TABLE 6 Categories of 1-year mortality post-LT.
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TABLE 7 Univariable and multivariable cox proportional hazard regression analysis of 1-year mortality post-LT.
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IVS and e’ were the strongest independent prognostic factors for perioperative cardiovascular AEs and mortality, respectively.




Discussion

In CCM, an occult onset process upon encountering environmental stress, such as transplantation, may contribute to rapid progression and even significant mortality rates. The primary outcome of this study showed that DD was related to the occurrence of perioperative cardiovascular AEs and mortality, before and after PSM. Among the echocardiographic parameters, IVS, and e’ were the strongest independent prognostic factors for perioperative cardiovascular AEs and mortality, respectively. Upon encountering environmental stress, such as transplantation, impaired contractility fails to adapt to initial changes. Decreased vascular resistance and increased cardiac output increase cardiac preload, resulting in abnormal filling of the ventricle and blood redistribution (12, 13). Histological examination of a heart with CCM revealed edema, cardiomyocyte hypertrophy, nuclear vacuolization, and fibrosis, which occurred in conjunction with enhanced accumulation of collagen. However, we observed that ventricular wall stiffness would partially recover (14–16). Studies have demonstrated that DD increases the risk of cardiovascular AEs post-LT (5, 17). Nonetheless, few studies have reported such correlation based on the 2005 criteria (18).

Furthermore, elevated IVS was the strongest cardiac predictor, increasing the risk of perioperative cardiovascular AEs by 2.4-fold. These results may be attributed to myocardial remodeling, resulting in alterations in the cardiac structure, as onset was earliest in the IVS (19, 20). Decreased e’ aided in confirming which patients were at an increasing risk of poor survival, in both univariate and multivariate regression analysis (6, 21). This may reflect progressive stiffness of the myocardium and deteriorating cardiac function (22). Prior studies have revealed association of E/A, E/e’, and LAVI with poor survival post-LT (17, 23–26); however, it is not well-suited to apply the E/A ratio owing to its load- and age-dependence (27, 28). In comparison, some previous studies have failed to find any relevance (4, 29). The above mentioned studies did not rule out the influence of confounding factors. The present study adopted the 2019 criteria and performed PSM for risk factors, which reduced the bias in the results.

A prolonged QT interval is the main electrophysiological signature of CCM, which is associated with 30-day cardiovascular AEs and mortality, post-LT (30, 31). In the 2019 CCC consensus, QT prolongation was not warranted, because of its limited value in the diagnosis of CCM (32, 33). Potassium is the major predictive factor of perioperative cardiovascular AEs. Ischemia-reperfusion injury post-LT increase the level of extracellular potassium and reduce the concentration gradient between the inside and outside of the cell. Shortening action potential and impaired conductivity was attributed to altered gating of ion channels, predisposing to malignant arrhythmias (34, 35). Because of the limitations of current study population, possibilities of impaired ion channels cannot be completely excluded (11). Pulmonary arterial hypertension has been shown to be involved in liver fibrosis at the gene level and confers higher mortality (36–38). Cardiac dysfunction was first attributed to the direct effect of alcohol; however, it was revealed to be independent of the etiology (39, 40). Cardiac function deteriorated with the progression of cirrhosis, but showed limited progression with stable cirrhosis within 2 years (25, 28, 41). Pro-B-type natriuretic peptides and troponins have also been described as prognostic markers (42, 43). Nevertheless, this was contradicted by the results of our study. In contrast to the Child-Pugh score, the MELD score showed no impact on the presence of DD because of underestimation of the severity of end-stage liver disease on the waiting list for LT (44).

Given the increased risk of infectious complications, upregulation of inflammatory markers and downregulation of cnidarian complements in both the advancement of cirrhosis and development of CCM were associated with poor survival (21, 45–47). Similarly, NLR was considered an effector, along with SII and PLR, in this study. In addition, all enrolled patients had near-normal systolic function at a resting state maintained by the compensatory pathways of hyperdynamic circulatory state and low systemic vascular resistance (48). Additionally, a very low left ventricular ejection fraction is regarded as a contraindication to LT. Prior studies have revealed associations between global longitudinal strain and poor survival (42, 49). Due to the limitations of diagnostic tools, we were unable to further confirm the influence of global longitudinal strain.

Our study has several limitations. First, this was a single-center study, thus lacks representativeness. Moreover, it was limited by its retrospective and observational study design. Therefore, prospective and multicenter validation studies are required.



Conclusion

Decompensated cirrhosis with DD accelerates perioperative cardiovascular AEs and 1-year post-transplantation mortality rates. Appropriate precedence in decompensated cirrhosis with DD on the waiting list should be considered to ensure timely diagnosis. In PSM analysis, multiple risk factors including IVS, LAVI, e’, potassium, and NLR collectively contributed to perioperative cardiovascular AEs and 1-year mortality, highlighting the need for closer post-LT monitoring and management.
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