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Abstract

:

Background: Heart transplantation represents the treatment for patients with end-stage heart failure (HF) being symptomatic despite optimal medical therapy. We investigated the role of NMR (neutrophil-to-monocyte ratio), NLR (neutrophil-to-lymphocyte ratio), NPR (neutrophil-to-platelet ratio), NWR (neutrophil-to-white cells ratio), MLR (monocyte-to-lymphocyte ratio), PLR (platelet-to-lymphocyte ratio), MWR (neutrophil-to-white cells ratio), and LWR (lymphocyte-to-white cells ratio) at the same cut-off values previously studied, to predict complications after heart transplant within 2 months after surgery. Methods: From May 2014 to January 2021, was included 38 patients in our study from the Cardiovascular and Transplant Emergency Institute of Târgu Mureș. Results: Preoperative NMR > 8.9 (OR: 70.71, 95% CI: 3.39–1473.64; p = 0.006) was a risk factor for the apparition of post-operative paroxysmal atrial fibrillation (Afib). In contrast, preoperative MWR > 0.09 (OR: 0.04, 95% CI: 0.003–0.58; p = 0.0182) represented a protective factor against AFib, but being the risk of complications of any cause (OR: 14.74, 95% CI: 1.05–206.59, p = 0.0458). Conclusion: Preoperative elevated levels of NMR were associated with the apparition of documented AFib, with high levels of MWR as a protective factor. High MWR was a risk factor in developing complications of any cause in the first 2 months after heart transplantation.
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1. Introduction


Heart transplantation represents the treatment for patients with end-stage heart failure (HF) who remain symptomatic despite optimal medical therapy. The proportion of eligible donors is insufficient to meet the demand. Eligibility for cardiac transplantation implies a subjective evaluation focused on resting hemodynamic data and NYHA classification, the latter being frequently inaccurate, depending on various factors [1]. The first human-to-human heart transplant in history was performed on 3 December 1967, with a favorable immediate postoperative period. In later monitoring, thoracic radiography showed lung infiltrates and was mistakenly interpreted as part of graft rejection. After 18 days, the patient died secondary to severe pneumonia as a result of the intense immunosuppressive therapy [2]. Leading criteria for heart transplantation in adult patients are constituted by nonischemic and ischemic cardiomyopathy, followed by adult congenital heart diseases, valvular heart disease, and heart transplantation rejection, with an increasing proportion of female recipients [3].



Patient management once heart transplantation occurs represents a challenge following the complications that are attributed to the immunosuppressive therapy and graft rejection. Complications such as primary graft dysfunction, rejection, or infection can occur in early phases after heart transplantation, with one-year graft survival after transplantation of 74.2%. Additional life-threatening early-phase postoperative complications are related to procedural aspects and neurological and/or gastrointestinal involvement [4].



Inflammation is strongly involved in the development of complications in cardiovascular diseases. High levels of inflammatory markers have been shown to have a predictive role in future cardiovascular events. For instance, after an acute myocardial infarction, instant activation of multiple local processes begins, resulting in a release of reactive oxygen species and cytokines. The neutrophils and monocytes migrate to the damaged tissue, contributing to the initiation of acute myocardial injury [5]. Elevated levels of inflammatory cytokines are found in patients with HF, and inflammatory processes after organ transplantation may lead to acute allograft rejection, diminution of transplant tolerance, and chronic allograft rejection [6,7].



Neutrophils represent the majority of white blood cells in humans, being involved in the immune response. Depending on the local microenvironment, these cells can present high phenotypic plasticity. As a response to inflammation, neutrophils rapidly migrate to the damaged area [8]. It is known that neutrophils facilitate monocyte differentiation and macrophage polarization. Monocyte recruitment is assisted by neutrophils, and tissue-resident macrophages contribute to neutrophil recruitment [9]. Bloodstream monocytes are the precursors of dendritic cells and tissue macrophages. This subtype of white blood cells is recruited in various infectious diseases, also with key involvement in the systemic inflammatory response, posing a fundamental role in the pathogenesis of an aseptic inflammatory state. Atherosclerosis development and progression can be related to specific monocyte chemokine receptors [10].



Ratios using neutrophil and monocyte count, as well as other ratios of hematological counts, such as white cell, lymphocyte, and platelet counts, might provide additional information on the appearance and progression of complications in multiple diseases.



We included two trials, Akan OY and Yuan C studies, which investigated the prognostic role in two different diseases. They used multiple inexpensive markers that can be determined in the routine blood analysis preoperatively in order to anticipate postoperative complications [11,12].



Akan OY and Bilgir O previously studied markers, such as NMR (neutrophil-to-monocyte ratio), NLR (neutrophil-to-lymphocyte ratio), and NPR (neutrophil-to-platelet ratio) as prognostic factors in patients diagnosed with COVID-19 admitted to the intensive care units. Estimated cut-off values of NMR, NLR, and NPR of 8.9, 2.9, respectively 0.018 were found with prognostic significance in patients who needed intensive care [11].



Yuan C et al. included 1466 patients diagnosed with non-small cell lung cancer considering pretreatment cut-off values of 0.55 for NWR (neutrophil-to-white cells ratio), 0.35 for MLR (monocyte-to-lymphocyte ratio), 204.00 for PLR (platelets-to-lymphocyte ratio), 2.06 for NLR, 0.09 for MWR (monocyte-to-white cells ratio), 0.28 for LWR (lymphocyte-to-white cells ratio). Elevated NLR, NWR, MLR, PLR, MWR, and LWR values were observed to be associated with poor overall survival, although only NWR and MLR were independent prognostic factors [12].



Of equal importance to discovering new biomarkers, which may predict the outcome and evolution of a patient who underwent cardiac transplantation, is identifying those markers which have a low cost, high sensitivity, and are easy to reproduce.



The aim of our study was to investigate the role of NMR, NLR, NPR, NWR, MLR, PLR, MWR, and LWR at the previously studied cut-off values in predicting complications after a heart transplant. We compared high values of these markers to the presence of complications, regardless of cause, post-operative newly diagnosed type 2 diabetes mellitus (DM), documented paroxysmal episode of atrial fibrillation (AFib), acute rejection, and infections within 2 months after surgery. Thus, a significant result of this study may add an important factor in the algorithm of cardiac transplantation evaluation through a new cost-efficient biomarker.




2. Materials and Methods


From May 2014 to January 2021, heart transplantation was performed on 39 patients in the Cardiovascular and Transplant Emergency Institute of Târgu Mureș. One patient was excluded from the study because of insufficient data evidence. Informed consent has been obtained from the participants involved (Figure 1).



NMR was calculated as the neutrophil count divided by monocyte count, NLR as the neutrophil count divided by lymphocyte count, NPR as neutrophil count divided by platelet count, NWR as neutrophil count divided by white cells count, MLR as monocyte count divided by lymphocyte count, PLR as platelet count divided by lymphocyte count, MWR as monocyte divided by white cells count, and LWR as the lymphocyte count divided by white cells count. Institutional data sharing prior to the initiation of the study was obtained.



The research protocol was approved by the ethics committee at the Cardiovascular and Transplant Emergency Institute of Târgu Mureș, and the study was conducted in accordance with the Helsinki Declaration.



2.1. Management & Follow-Up


All patients included in the study had two sets of complete blood analyses, collected <24 h previous to heart transplantation, respectively, right after as final step of the postoperative protocol. Moreover, glucose level monitoring, periodic 12-lead electrocardiogram, right ventricle biopsies, and infection screening were obtained. C-Reactive Protein (CRP) levels were also registered. We analyzed the levels of NMR, NLR, NPR, NWR, MLR, PLR, MWR, and LWR before and after the heart transplant and the correlation between preoperative biomarkers with the apparition of complications in the first two months after surgery (Figure 1).



Cut-off values were acquired from Akan OY and Yuan C et al. studies. Both trials showed the prognostic role of these markers in patients diagnosed with COVID-19 infection admitted to the intensive care units, respectively, in non-small cell lung cancer [11,12].




2.2. Data Processing


Using GraphPad Prism version 9 for quantitative data, we determined the values of markers medians, 25th–75th percentile, maximum and minimum values. The normality test was performed with the Shapiro-Wilks test [13], and we compared values before and after heart transplantation, using t test for parametric data and the Wilcoxon test for nonparametric data. Using logistic regression, we analyzed the correlation of preoperative elevated marker values with the apparition of complication of any cause, post-operative newly diagnosed type 2 DM, development of documented paroxysmal episode of AFib, acute rejection, and infections. The significant threshold was set to 0.05.





3. Results


Of 38 patients included in the study, four of them were females (10.53%), and 34 were males (89.5%). The youngest patient had 10 years old at the time of the transplant, and the oldest was 61, with a mean age of 41.21 (SD = 13.71), respectively an average body mass of 23.81 (SD = 5.18). The main indication in our cohort was represented by non-ischemic cardiomyopathy, with a proportion of 47.37%, followed by ischemic heart disease in 21.05% of the cases.



The mean ejection fraction prior to the heart transplant was 26.54 (SD = 13.23) %, with an average pulmonary artery pressure of 52.08 (SD = 15.70) mmHg and mean size of the left ventricle of 69.46 (SD = 13.80). Mean values of the primary hematological markers, such as white blood cell (×109/L), neutrophil (×109/L), lymphocyte (×109/L), monocyte (×109/L), and platelet (×109/L) counts were 8.99 (SD = 4.26), 6.51 (SD = 4.17), 1.61 (SD = 0.76), 0.77 (SD = 0.34), respectively 202.11 (SD = 62.61). Standard lipid profile highlights a mean value of total cholesterol of 164.74 (SD = 44.94) mg/dL, with mean levels of low-density lipoprotein cholesterol of 106.05 (SD = 33.52) mg/dL, respectively 36.47 (SD = 10.43) mg/dL for high-density lipoprotein cholesterol. The prior percutaneous coronary intervention was seen in four patients (10.53%) and prior cardiac surgery in five (13.15%). Of these cardiac surgeries, four (10.53%) of them involved heart valve replacements and one involved coronary artery bypass graft surgery (2.63%). Donors’ mean age was 31.39 (SD = 10.67), 68.4% being males and 31.6% females. Gender mismatch has been found in 14 cases (36.8%), three cases occurring in female receipts, and 11 in male receipts (Table 1).



Increased postoperative median values (25th–75th percentile) were seen in pre-CRP 0.43 (0.24–0.88) versus post-CRP 6.37 (4.19–11.69), pre-NMR 8.23 (5.97–9.82) versus post-NMR 17.54 (10.92–23.11), pre-NLR 3.39 (2.38–5.89) versus post-NLR 21.54 (13.74–35.58), pre-NPR 0.027 (0.021–0.036) versus post-NPR 0.112 (0.087–0.155), pre-NWR 0.69 (0.64–0.79) versus post-NWR 0.89 (0.87–0.92), pre-MLR 0.46 (0.33–0.76) versus post-MLR 1.33 (0.07–2.08), pre-PLR 124.4 (80.8–221.6) versus post-PLR 224 (110–296.3). The levels of MWR and LWR were postoperative decreased, with median pre-MWR of 0.09 (0.07–0.11) versus post-MWR 0.05 (0.03–0.07), respectively pre-LWR 0.20 (0.12–0.25) versus post-LWR 0.04 (0.02–0.06). For all data, nonparametric testing for paired samples was applied through the Wilcoxon test. Postoperative CRP, NMR, NLR, NPR, NWR, MLR, and PLR values were significantly increased than preoperative values of the parameters. In contrast, the levels of MWR and LWR significantly decreased after the procedure (Table 2).



Associations were made using the same cut-off levels from Akan OY and Yuan C et al. studies [11,12]. There was no statistically significant relationship between NLR, NPR, NWR, MLR, PLR, and LWR with the presence of any complication. NMR greater than 8.9 (OR: 70.71, 95% CI: 3.39–1473.64; p = 0.006) was a risk factor for the apparition of post-operative paroxysmal atrial fibrillation. In contrast, a cut-off value of preoperative MWR of 0.09 (OR: 0.04, 95% CI: 0.003–0.58; p = 0.0182) represented a protective factor against atrial fibrillation. High MWR was associated with the risk of complications of any cause (OR: 14.74, 95% CI: 1.05–206.59, p = 0.0458) (Table 3).



Complications of any cause were observed in 25 of 38 patients included in our study (65.7%), with a mortality rate of 7.89%. Out of those complications, eight patients presented newly diagnosed type 2 DM (21.1%), seven had mild acute graft rejection (18.4%), whilst postoperative infections were present in 19 (50%), with the main pathogen being Staphylococcus aureus in nine subjects (23.6% from a total number of patients, 47.3% of those with infections). We counted a total of six patients (15.8%) who developed paroxysmal AFib episodes with a rapid ventricular response. Out of these cases, four occurred in the first 48 h after surgery, during inotropic support, and spontaneously converted to sinus rhythm. However, two patients presented symptomatic AFib >48 h after heart transplantation, requiring pharmacological cardioversion with Amiodarone.



Other main reported postoperative complications were postoperative acute kidney injury, dialysis, pericardial effusion, and prolonged inotropic usage. We also reported a case of early phase transient left bundle branch block. One patient presented postoperative severe sinus bradycardia and needed temporary cardiac pacing for 4 days. Subsequent further evolution was favorable.



At the cut-off value of NMR of 8.9, 10 patients (26%) presented preoperative levels above this value, and 28 patients (74%) were below the level. A number of 22 patients (58%) had MWR > 0.09 compared with 16 patients (42%) with MWR < 0.09 (Figure 2).




4. Discussion


Systemic inflammation before and after cardiac surgery may be involved in the occurrence of various postoperative complications, thus probably influencing the overall outcome of the patient who underwent heart transplantation. Hematological markers, such as NMR and MWR, may anticipate postoperative complications in various diseases and become prognostic factors that can be easily measured from basic blood analysis with low cost and reproducible parameters. After conducting the statistical analysis of the data collected throughout our research, it was noted that high levels of preoperative MWR were associated with the presence of complications of any cause. The main postoperative complications were newly diagnosed type 2 DM, paroxysmal AFib, mild acute graft rejection, and postoperative infections. Another notable complication that was identified is the need for postoperative dialysis following acute kidney injury, developed in five patients, of whom one patient had persistent renal dysfunction, being discharged with a diagnosis of chronic kidney disease according to the KDIGO guideline. Complications such as newly diagnosed type 2 DM, postoperative infections, and altered renal function can be attributed to the secondary effects of immunosuppressive therapy.



Paroxysmal AFib was documented in six patients, all of them consisting of episodes with a rapid ventricular response. Four of the cases occurred while the patients were under inotropic support in the first 48 h after surgery and spontaneously converted to sinus rhythm. However, over 48 h postoperatively, two patients presented symptomatic AFib episodes in the absence of inotropic support, requiring pharmacological cardioversion with intravenous administration of Amiodarone. It is important to mention the fact that a total of eight patients had permanent AFib prior to heart transplantation. Two patients who presented postoperative AFib were subjects with permanent AFib before surgery. Out of the investigated parameters, an elevated level of preoperative NMR was an independent risk factor in the apparition of paroxysmal AFib, but an increased MWR level played a protective role against this supraventricular arrhythmia. In terms of patients’ distribution based on these cut-off levels, we observed that 26% of the NMR group have been above the threshold, respectively 58% in the MWR group.



Inflammation and the succeeding physio-pathological processes represent part of the initiation and maintenance of AFib. On the other hand, AFib can further support inflammation, thus forming a veritable and dangerous vicious circle with increased morbidity and mortality [14].



There is a fine balance between the beneficial and harmful effects of the monocytes. The beneficial role of monocytes is undeniable when looking at the initial response to pathological changes in cardiac remodeling, although excessive inflammatory response to cardiac insult can be harmful, leading to cardiac fibrosis [15].



Neutrophils play a crucial role in inflammation. A pronounced and prolonged activation is responsible for various cardiovascular diseases. It was identified that elevated levels of NLR are related to new onset AFib, recurrent AFib, and thromboembolic stroke. Considering that neutrophil degranulation affects multiple biological processes, which have been noted to be altered in AFib, this mechanism might be the key to the development of arrhythmia [16,17,18,19].



Because of the stages in which these two types of cells intervene in the inflammation process in a supposed healthy heart after cardiac transplantation, high postoperative levels of neutrophils associated with a decreased number of circulatory monocytes might explain the trigger of the paroxysmal AFib.



Another pro-inflammatory marker, such as CRP, has been reported to be a risk factor for recurrences of AFib. In our study, we observed the fact that CRP values were significantly increased postoperatively, reflecting the elevated level of pro-inflammatory status after heart transplantation. High CRP levels have been associated with AFib recurrences after successful cardioversion [20]. Richter B et al. showed that high-sensitivity C-reactive protein predicted early recurrence of AFib within the first week after catheter ablation but without being involved in long-term ablation outcomes [21].



Elevated levels of CRP in heart transplant receipts are associated with allograft failure. Eisenberg MS, including 99 patients with the cardiac transplant, reported that for every 2-fold elevation of CRP level, there is a 32% increase risk of graft failure [22]. CRP can identify heart-transplants which are at high risk of ischemic events, being associated with the development, severity, and progression of coronary artery disease [23]. High CRP serum concentrations also represent a negative predictive value in renal allograft recipients, being also involved in anticipation of chronic allograft nephropathy and graft failure [24,25].



The prediction value of various biomarkers, such as NLR, has been the aim of various studies, which concluded that high levels of NLR may be associated with severe outcomes in various diseases such as COVID-19 infections, bacterial pneumonia, and malignancies [26,27,28,29]. NLR between 2.3–3.0 is considered to be in a grey area and may represent an early warning of the development of severe maladies such as cancer, atherosclerosis, infection, inflammation, psychiatric disorders, and stress [30].



NLR has been reported as being a predictive factor of Tacrolimus overdose in patients who underwent orthotopic heart transplantation [31]. In liver transplantation receipts, the neutrophil-to-lymphocyte ratio can predict the onset of sepsis [32]. Patients diagnosed with hepatocellular carcinoma who received orthotopic liver transplantation, and presented with elevated levels of NLR, have a higher risk of postoperative tumor recurrence, being associated with increased mortality [33]. Also, in patients with autologous stem-cell transplantation with multiple myeloma, high NLR indicated a poor prognostic factor for progression-free survival and overall survival [34].



Out of the other studied biomarkers, it is important to notice that NMR may serve as a promising inflammatory prognostic tool for patients with pancreatic cancer and locally advanced gastric cancer [35]. In patients diagnosed with severe coronavirus disease 19 (COVID-19) infection, high NMR levels were an independent risk factor, with a sensitivity of 89.47% and a specificity of 80.00% [36].



NWR is associated with poor survival in patients with curatively resected non-small cell lung cancer [12]. Elevated PLR values may indicate a higher risk of fatal stroke occurrence in middle-aged to older patients [37]. High NPR was related to an increased risk of hemorrhagic transformation in patients with acute ischemic stroke, especially in those with parenchymal hematoma [38].



Elevated MLR was significantly associated with stroke-associated pneumonia in acute ischemic stroke patients. Also, MLR is considered to be an independent predictor for the long-term major adverse cardiac event in non-ST-elevation myocardial infarction patients, being independently correlated with the severity of coronary lesions [39,40].



In the case of LWR, lower levels were associated with a decreased risk of mortality in patients with infective endocarditis. In gastric cancer patients, low LWR and high MWR are each predictive of a poor prognosis [41,42].



There are other hematological marker ratios that have been studied previously, for instance, lymphocytes-to-monocytes ratio (LMR). In patients with colorectal cancer, elevated values of LMR, as well as low NLR and low PLR, were associated with longer five-year overall survival [43]. It has been demonstrated that LMR > 2.50 was also significantly associated with improved overall survival and disease-free survival in patients with non-surgically managed small-cell lung cancer [44].



Preoperative inflammatory status, as an independent predictive factor for the postoperative outcome, is one of the most intensely studied fields of research in modern medicine, backed by a large number of research in this regard. The improvement of current therapeutic algorithms is only possible by studying new fields and factors and their predictive value in the context of a complex surgical procedure, such as cardiac transplantation. Considering the rate at which new diagnostic, predictive, and therapeutic algorithms are evolving, it is of utmost importance to maintain the cost of the procedures as low as possible, thus ensuring accessibility and availability to as many distinct hospital units as possible, extending the benefits of the new findings to the maximum number of patients. Various studies aimed to find inexpensive investigations that are already routinely used in diagnostic algorithms and could be used as the foundation on which a revolutionary method could be built. Thus, determining white blood cell, neutrophil, lymphocyte, monocyte, and platelet counts is part of the preoperative process and routine practice in the medical field that could provide the additional foundation for researching new prognostic techniques. Ratios of these markers’ counts have been studied and used as predictive factors in multiple diseases, demonstrating an increased value in predicting negative outcomes and postoperative complications. Even though it is based on highly accessible and repeatable laboratory analysis, the use of these ratios is not widely spread. Cut-off values that are universally applicable need to be determined specifically in cardiac procedures, and in order to do so, additional studies are necessary for the validation of these hematological parameters.



Limitations of our study should be recognized. The absence of data on potential confounding factors, differential losses to follow-up, and information bias can be issued to the retrospective design of the study [45]. Local legislation, the necessity of informed consent, and lack of knowledge on the topic are factors that increase the difficulty of organ harvesting in Romania in the face of an increasing number of patients who would benefit from organ transplantation. This is the reason for the presence of low numbers of cohorts in regional studies [46]. The decreased number of subjects in our cohort may influence the validity of the results by generating false-positive data, thus creating the possibility of overestimating the extent of the association by the misinterpretation of confidence intervals and p-values [47]. Another limitation would be asymptomatic, undocumented episodes of AFib. Further prospective studies with larger patient cohorts are needed in order to evaluate the involvement of these markers in postoperative or late-phase complications after a heart transplant and subsequently make drastic conclusions.




5. Conclusions


In our study, levels of CRP, NMR, NLR, NPR, NWR, MLR, and PLR were significantly increased postoperative, although MWR and LWR were decreased. Using cut-off values previously studied, we observed that elevated preoperative levels of NMR were associated with the apparition of documented AFib, with high levels of MWR as a protective factor. High MWR was a risk factor in developing complications of any cause in the first two months after heart transplantation.







Author Contributions


D.-F.B. (Conceptualization, investigation, data curation, writing—original draft preparation, writing—review), H.S. (investigation, resources, writing—review and editing), C.A. (methodology, formal analysis, writing—review and editing), M.G. (Conceptualization, writing—review and editing), A.D. (writing—review and editing, data curation), L.H. (investigation, data curation, writing—original draft), I.A.S. (writing—original draft preparation, writing—review and editing, supervision). All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the University of Medicine, Pharmacy, Science and Technology “George Emil Palade” of Târgu Mureș, Research Grant number 511/1/17.01.2022.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Ethics Committee of the Emergency Institute for Cardiovascular Diseases and Transplantation Târgu Mureș, Târgu Mureș, Romania (1574/Approval date: 25 February 2022).




Informed Consent Statement


Written informed consent has been obtained from the patient(s) to publish this paper.




Data Availability Statement


The data presented in this study are available on request from the corresponding author on reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Alraies, M.C.; Eckman, P. Adult heart transplant: Indications and outcomes. J. Thorac. Dis. 2014, 6, 1120–1128. [Google Scholar] [CrossRef] [PubMed]

	



Brink, J.G.; Hassoulas, J. The first human heart transplant and further advances in cardiac transplantation at Groote Schuur Hospital and the University of Cape Town—With reference to: The operation. A human cardiac transplant: An interim report of a successful operation performed at Groote Schuur Hospital, Cape Town. Cardiovasc. J. Afr. 2009, 20, 31–35. [Google Scholar] [PubMed]

	



Stehlik, J.; Leah, B.E.; Anna, Y.K.; Christian, B.; Jason, D.C.; Fabienne, D.; Richard, K.; Axel, O.R.; Marshall, I.H. The Registry of the International Society for Heart and Lung Transplantation: Twenty-Eighth Adult Heart Transplant Report—2011. J. Heart Lung Transplant. 2011, 30, 1078–1094. [Google Scholar] [CrossRef] [PubMed]

	



Anyanwu, A.C. Intrathoracic Organ Transplantation in the United Kingdom 1995-99: Results from the UK Cardiothoracic Transplant Audit. Heart 2002, 87, 449–454. [Google Scholar] [CrossRef] [PubMed]

	



Ruparelia, N.; Joshua, T.C.; Edward, A.F.; Robin, P.C. Inflammatory Processes in Cardiovascular Disease: A Route to Targeted Therapies. Nat. Rev. Cardiol. 2017, 14, 314. [Google Scholar] [CrossRef] [PubMed]

	



Fiordelisi, A.; Guido, I.; Carmine, M.; Enrico, C.; Daniela, S. NFkappaB Is a Key Player in the Crosstalk between Inflammation and Cardiovascular Diseases. Int. J. Mol. Sci. 2019, 20, 1599. [Google Scholar] [CrossRef] [PubMed]

	



Braza, F.; Sophie, B.; Steve, C.; Daniel, R.G. Role of Tlrs and Damps in Allograft Inflammation and Transplant Outcomes. Nat. Rev. Nephrol. 2016, 12, 281–290. [Google Scholar] [CrossRef] [PubMed]

	



Mortaz, E.; Shamila, D.A.; Ian, M.A.; Sharon, M.; Leo, K. Update on Neutrophil Function in Severe Inflammation. Front. Immunol. 2018, 9, 2171. [Google Scholar] [CrossRef] [PubMed]

	



Herrero-Cervera, A.; Oliver, S.; Ellinor, K. Neutrophils in Chronic Inflammatory Diseases. Cell. Mol. Immunol. 2022, 19, 177–191. [Google Scholar] [CrossRef] [PubMed]

	



Shi, C.; Eric, G.P. Monocyte Recruitment during Infection and Inflammation. Nat. Rev. Immunol. 2011, 11, 762–774. [Google Scholar] [CrossRef] [PubMed]

	



Akan, O.Y.; Bilgir, O. Effects of Neutrophil/Monocyte, Neutrophil/Lymphocyte, Neutrophil/Platelet Ratios and C-Reactive Protein Levels on the Mortality and Intensive Care Need of the Patients with COVID-19. Eurasian J. Med. Investig. 2021, 5, 21–26. [Google Scholar] [CrossRef]

	



Yuan, C.; Li, N.; Mao, X.; Liu, Z.; Ou, W.; Wang, S.Y. Elevated Pretreatment Neutrophil/White Blood Cell Ratio and Monocyte/Lymphocyte Ratio Predict Poor Survival in Patients with Curatively Resected Non-Small Cell Lung Cancer: Results from a Large Cohort. Thorac. Cancer 2017, 8, 350–358. [Google Scholar] [CrossRef] [PubMed]

	



Avram, C.; Mărușteri, M. Normality Assessment, Few Paradigms and Use Cases. Rev. Romana Med. Lab. 2022, 30, 251–260. [Google Scholar] [CrossRef]

	



Hu, Y.F.; Chen, Y.J.; Lin, Y.J.; Chen, S.A. Inflammation and the Pathogenesis of Atrial Fibrillation. Nat. Rev. Cardiol. 2015, 12, 230–243. [Google Scholar] [CrossRef] [PubMed]

	



Shahid, F.; Lip, G.Y.H.; Shantsila, E. Role of Monocytes in Heart Failure and Atrial Fibrillation. J. Am. Heart Assoc. 2018, 7, e007849. [Google Scholar] [CrossRef] [PubMed]

	



Gaul, D.S.; Sokrates, S.; Matter, C.M. Neutrophils in Cardiovascular Disease. Eur. Heart J. 2017, 38, 1702–1704. [Google Scholar] [CrossRef]

	



Weymann, A.; Ali-Hasan-Al-Saegh, S.; Sabashnikov, A.; Popov, A.F.; Mirhosseini, S.J.; Liu, T.; Lotfaliani, M.; de Sá, M.P.O.; Baker, W.L.; Yavuz, S.; et al. Prediction of New-Onset and Recurrent Atrial Fibrillation by Complete Blood Count Tests: A Comprehensive Systematic Review with Meta-Analysis. Med. Sci. Monit. Basic Res. 2017, 23, 179–222. [Google Scholar] [CrossRef] [PubMed]

	



Ertaş, G.; Osman, S.; Murat, T.; Şeref, K.; Ercan, E.; Tasal, A.; Bacaksiz, A.; Vatankulu, M.A.; Altıntaş, Ö.; Uyarel, H.; et al. Neutrophil/Lymphocyte Ratio Is Associated with Thromboembolic Stroke in Patients with Non-Valvular Atrial Fibrillation. J. Neurol. Sci. 2013, 324, 49–52. [Google Scholar] [CrossRef]

	



Kawasaki, M.; Meulendijks, E.R.; van den Berg, N.W.; Nariswari, F.A.; Neefs, J.; Wesselink, R.; Baalman, S.W.; Jongejan, A.; Schelfhorst, T.; Piersma, S.R.; et al. Neutrophil Degranulation Interconnects Over-Represented Biological Processes in Atrial Fibrillation. Sci. Rep. 2021, 11, 2972. [Google Scholar] [CrossRef]

	



Rizos, I.; Rigopoulos, A.G.; Kalogeropoulos, A.S.; Tsiodras, S.; Dragomanovits, S.; Sakadakis, E.A.; Faviou, E.; Kremastinos, D.T. Hypertension and Paroxysmal Atrial Fibrillation: A Novel Predictive Role of High Sensitivity C-Reactive Protein in Cardioversion and Long-Term Recurrence. J. Hum. Hypertens. 2010, 24, 447–457. [Google Scholar] [CrossRef]

	



Richter, B.; Gwechenberger, M.; Socas, A.; Zorn, G.; Albinni, S.; Marx, M.; Bergler-Klein, J.; Binder, T.; Wojta, J.; Gössinger, H.D. Markers of Oxidative Stress after Ablation of Atrial Fibrillation Are Associated with Inflammation, Delivered Radiofrequency Energy and Early Recurrence of Atrial Fibrillation. Clin. Res. Cardiol. 2011, 101, 217–225. [Google Scholar] [CrossRef] [PubMed]

	



Eisenberg, M.S.; Chen, H.J.; Warshofsky, M.K.; Sciacca, R.R.; Wasserman, H.S.; Schwartz, A.; Rabbani, L.E. Elevated levels of plasma C-reactive protein are associated with decreased graft survival in cardiac transplant recipients. Circulation 2000, 102, 2100–2104. [Google Scholar] [CrossRef] [PubMed]

	



Labarrere, C.A.; Lee, J.B.; Nelson, D.R.; Al-Hassani, M.; Miller, S.J.; Pitts, D.E. C-reactive protein, arterial endothelial activation, and development of transplant coronary artery disease: A prospective study. Lancet 2002, 360, 1462–1467. [Google Scholar] [CrossRef] [PubMed]

	



Ozdemir, N.F.; Elsurer, R.; Ibis, A.; Arat, Z.; Haberal, M. Serum C-reactive protein surge in renal transplant recipients: Link with allograft survival. Transplant. Proc. 2007, 39, 934–937. [Google Scholar] [CrossRef] [PubMed]

	



Sezer, S.; Akcay, A.; Ozdemir, F.N.; Kulah, E.; Arat, Z.; Haberal, M. Post-transplant C-reactive protein monitoring can predict chronic allograft nephropathy. Clin. Transplant. 2004, 18, 722–725. [Google Scholar] [CrossRef] [PubMed]

	



Liu, J.; Yao, L.; Xiang, P.; Lin, P.; Xiong, H.; Li, C.; Zhang, M.; Tan, J.; Xu, Y.; Song, R.; et al. Neutrophil-to-Lymphocyte Ratio Predicts Critical Illness Patients with 2019 Coronavirus Disease in the Early Stage. J. Transl. Med. 2020, 18, 206. [Google Scholar] [CrossRef] [PubMed]

	



Berhane, M.; Mulugeta, M.; Anteneh, A.; Enawgaw, B.; Getaneh, Z.; Asrie, F. The Role of Neutrophil to Lymphocyte Count Ratio in the Differential Diagnosis of Pulmonary Tuberculosis and Bacterial Community-Acquired Pneumonia: A Cross-Sectional Study at Ayder and Mekelle Hospitals, Ethiopia. Clin. Lab. 2019, 65, 10–7754. [Google Scholar] [CrossRef] [PubMed]

	



Ge, Y.L.; Zhang, H.F.; Zhang, Q.; Zhu, X.Y.; Liu, C.H.; Wang, N.; Zhang, J.B.; Chen, H.; Chen, Y.; Li, W.Q.; et al. Neutrophil-to-Lymphocyte Ratio in Adult Community-Acquired Pneumonia Patients Correlates with Unfavorable Clinical Outcomes. Clin. Lab. 2019, 65. [Google Scholar] [CrossRef] [PubMed]

	



Cupp, M.A.; Margarita, C.; Tzoulaki, I.; Aune, D.; Evangelou, E.; Berlanga-Taylor, A.J. Neutrophil to Lymphocyte Ratio and Cancer Prognosis: An Umbrella Review of Systematic Reviews and Meta-Analyses of Observational Studies. BMC Med. 2020, 18, 360. [Google Scholar] [CrossRef] [PubMed]

	



Zahorec, R. Neutrophil-to-Lymphocyte Ratio, Past, Present and Future Perspectives. Bratisl. Med. J. 2021, 122, 474–488. [Google Scholar] [CrossRef] [PubMed]

	



Urbanowicz, T.; Olasińska-Wiśniewska, A.; Michalak, M.; Rodzki, M.; Witkowska, A.; Straburzyńska-Migaj, E.; Perek, B.; Jemielity, M. Neutrophil to Lymphocyte Ratio (NLR) as an Easily Accessible Parameter for Monitoring Tacrolimus Overdose after Heart Transplantation-Experimental Study. Diagnostics 2021, 12, 37. [Google Scholar] [CrossRef] [PubMed]

	



Sarin, S.; Pamecha, V.; Sinha, P.K.; Patil, N.; Mahapatra, N. Neutrophil Lymphocyte Ratio can Preempt Development of Sepsis After Adult Living Donor Liver Transplantation. J. Clin. Exp. Hepatol. 2022, 12, 1142–1149. [Google Scholar] [CrossRef]

	



Halazun, K.J.; Hardy, M.A.; Rana, A.A.; Woodland, D.C.; Luyten, E.J.; Mahadev, S.; Witkowski, P.; Siegel, A.B.; Brown, R.S.; Emond, J.C. Negative impact of neutrophil-lymphocyte ratio on outcome after liver transplantation for hepatocellular carcinoma. Ann. Surg. 2009, 250, 141–151. [Google Scholar] [CrossRef]

	



Mikulski, D.; Kościelny, K.; Nowicki, M.; Wawrzyniak, E.; Kalwas, M.; Kowalik, M.; Pryt, M.; Sęczkowska, E.; Świątek, A.; Wierzbowska, A.; et al. Neutrophil to lymphocyte ratio (NLR) impact on the progression-free survival and overall survival of multiple myeloma patients treated with high-dose chemotherapy and autologous stem cell transplantation. Leuk. Lymphoma 2022, 64, 98–106. [Google Scholar] [CrossRef] [PubMed]

	



Tang, F.; Penghui, D.; Qiongqiong, W.; Ke, G.Z.W.; Huan, C.; Ting, L.; Muhan, L.M.D.; Gang, L. The Neutrophil-to-Monocyte Ratio and Platelet-to-White Blood Cell Ratio Represent Novel Prognostic Markers in Patients with Pancreatic Cancer. Gastroenterol. Res. Pract. 2021, 2021, 6693028. [Google Scholar] [CrossRef] [PubMed]

	



Rizo-Téllez, S.A.; Méndez-García, L.A.; Flores-Rebollo, C.; Alba-Flores, F.; Alcántara-Suárez, R.; Manjarrez-Reyna, A.N.; Baltazar-López, N.; Hernández-Guzmán, V.A.; León-Pedroza, J.I.; Zapata-Arenas, R.; et al. The Neutrophil-to-Monocyte Ratio and Lymphocyte-to-Neutrophil Ratio at Admission Predict In-Hospital Mortality in Mexican Patients with Severe SARS-CoV-2 Infection (COVID-19). Microorganisms 2020, 8, 1560. [Google Scholar] [CrossRef] [PubMed]

	



Hu, Z.B.; Qiong-qiong, Z.; Ze-xiong, L.; Feng, Z. Association of Platelet-to-White Blood Cell Ratio and Platelet-to-Neutrophil Ratio with the Risk of Fatal Stroke Occurrence in Middle-Aged to Older Chinese. BMC Geriatr. 2022, 22, 430. [Google Scholar] [CrossRef]

	



He, W.; Yiting, R.; Chengxiang, Y.; Qianqian, C.; Haoran, C.; Yaying, Z.; Yunbin, C.; Guiqian, H.; Huijun, C.; Jincai, H. High Neutrophil-to-Platelet Ratio Is Associated with Hemorrhagic Transformation in Patients with Acute Ischemic Stroke. Front. Neurol. 2019, 10, 1310. [Google Scholar] [CrossRef]

	



Cheng, H.R.; Jia-Ying, S.; Yi-Nuo, Z.; Yun-Bin, C.; Gang-Qiang, L.; Gui-Qian, H.; Jin-Cai, H.; Zhen, W. High Monocyte-to-Lymphocyte Ratio Is Associated with Stroke-Associated Pneumonia. Front. Neurol. 2020, 11, 575809. [Google Scholar] [CrossRef]

	



Chen, H.; Min, L.; Lei, L.; Xiawei, D.; Danjun, Z.; Gang, T. Monocyte/Lymphocyte Ratio Is Related to the Severity of Coronary Artery Disease and Clinical Outcome in Patients with Non-St-Elevation Myocardial Infarction. Medicine 2019, 98, e16267. [Google Scholar] [CrossRef]

	



Zhang, M.; Qiuxia, G.; Tengfei, Q.; Yaman, W.; Xiaohong, X.; Xiang, Z.; Jun, Z. Prognostic Value of Lymphocyte-to-White Blood Cell Ratio for in-Hospital Mortality in Infective Endocarditis Patients. Int. J. Clin. Pract. 2022, 2022, 8667054. [Google Scholar] [CrossRef] [PubMed]

	



Feng, F.; Li, S.; Gaozan, Z.; Shushang, L.; Zhen, L.; Guanghui, X.; Man, G.; Xiao, L.; Daiming, F.; Hongwei, Z. Low Lymphocyte-to-White Blood Cell Ratio and High Monocyte-to-White Blood Cell Ratio Predict Poor Prognosis in Gastric Cancer. Oncotarget 2016, 8, 5281–5291. [Google Scholar] [CrossRef]

	



Gawiński, C.; Michalski, W.; Mróz, A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and Tumor-Infiltrating Lymphocytes (TILs) in Left-Sided Colorectal Cancer Patients. Biology 2022, 11, 385. [Google Scholar] [CrossRef]

	



Lang, C.; Egger, F.; Hoda, M.A.; Querner, A.S.; Ferencz, B.; Lungu, V.; Szegedi, R.; Bogyo, L.; Torok, K.; Oberndorfer, F.; et al. Lymphocyte-to-monocyte ratio is an independent prognostic factor in surgically treated small cell lung cancer: An international multicenter analysis. Lung Cancer 2022, 169, 40–46. [Google Scholar] [CrossRef] [PubMed]

	



Kaiser, J.; Haocheng, L.; Scott, A.N.; Raya, L.A.; Jo-An, S.; Nisha, M.; Caroline, C.; Lee-Ying, R.; Heng, D.Y.; Sridhar, S.; et al. The prognostic role of the change in neutrophil-to-lymphocyte ratio during neoadjuvant chemotherapy in patients with muscle-invasive bladder cancer: A retrospective, multi-institutional study. Bladder Cancer 2018, 4, 185–194. [Google Scholar] [CrossRef]

	



Bacușcă, A.E.; Burlacu, A.; Tinică, G.; Enache, M.; Ţărus, A.; Gavriluţă, C.; Brinza, C.; Hanganu, B.; Ioan, B.G. Organ Procurement, Donation, and Transplant Awareness in an Urban Eastern European Region: A General Population Survey. Ann. Transplant. 2022, 27, e938016. [Google Scholar] [CrossRef] [PubMed]

	



Hackshaw, A. Small studies: Strengths and limitations. Eur. Respir. J. 2008, 32, 1141–1143. [Google Scholar] [CrossRef]








[image: Jcdd 10 00081 g001 550] 





Figure 1. Patient selection and follow-up. 






Figure 1. Patient selection and follow-up.



[image: Jcdd 10 00081 g001]







[image: Jcdd 10 00081 g002 550] 





Figure 2. Distribution of patients based on cut-off levels of NMR and MWR. 
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Table 1. Baseline receipts characteristics.
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	Characteristics
	Receipt





	Age (years)

	
Mean (SD)



	
Min



	
Max





	

41.21 (13.71)

10

61



	Body Mass Index (kg/m2)

	
Mean (SD)



	
Min



	
Max





	

23.81 (5.18)

13.2

33.9



	Ejection fraction (%)

	
Mean (SD)



	
Min



	
Max





	

26.54 (13.23)

15

65



	Pulmonary artery pressure (mmHg)

	
Mean (SD)



	
Min



	
Max





	

52.08 (15.70)

22

82



	Hemoglobin (g/dL)

	
Mean (SD)



	
Min



	
Max





	

13.08 (2.44)

8.1

19.0



	White Blood Cell count (×109/L)

	
Mean (SD)



	
Min



	
Max





	

8.99 (4.26)

3.47

24.7



	Neutrophil count (×109/L)

	
Mean (SD)



	
Min



	
Max





	

6.51 (4.17)

2.09

22.4



	Lymphocyte count (×109/L)

	
Mean (SD)



	
Min



	
Max





	

1.61 (0.76)

0.38

3.17



	Monocyte count (×109/L)

	
Mean (SD)



	
Min



	
Max





	

0.77 (0.34)

0.17

1.89



	Platelet count (×109/L)

	
Mean (SD)



	
Min



	
Max





	

202.11 (62.61)

82

327



	Creatinine level (md/dL)

	
Mean (SD)



	
Min



	
Max





	

1.07 (0.32)

0.54

1.82



	Estimated glomerular filtration rate (mL/min/1.73 m2)

	
Mean (SD)



	
Min



	
Max





	

91.79 (29.06)

45

156



	Total cholesterol level (mg/dL)

	
Mean (SD)



	
Min



	
Max





	

164.74 (44.94)

68

269



	Low-density lipoprotein cholesterol (mg/dL)

	
Mean (SD)



	
Min



	
Max





	

106.05 (33.52)

42

182



	High-density lipoprotein cholesterol (mg/dL)

	
Mean (SD)



	
Min



	
Max





	

36.47 (10.43)

13

59



	Triglycerides level (mg/dL)

	
Mean (SD)



	
Min



	
Max





	

112.53 (53.32)

57

281



	Prior percutaneous coronary intervention

	
Total



	
Percentage (%)





	

4

10.53%



	Prior cardiac surgery

	
Total



	
Percentage (%)





	

5

13.15%



	Heart valve surgery

	
Total



	
Percentage (%)





	

4

10.53%



	Donors

	
Mean age yrs (SD)



	
Males (%)



	
Females (%)





	

31.39 (10.67)

26 (68.4%)

12 (31.6%)



	Gender mismatch

	
Total (%)



	
Male donor to female receipt (%)



	
Female donor to male receipt (%)





	

14 (36.8%)

3 (7.9%)

11 (28.9%)
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Table 2. Comparison between marker values before and after heart transplantation.
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	Markers
	Preoperative
	Postoperative
	p Values



	CRP *

	
Median



	
25th Percentile



	
75th Percentile





	

0.43

0.24

0.88
	

6.37

4.19

11.69
	<0.0001



	NMR *

	
Median



	
25th Percentile



	
75th Percentile





	

8.23

5.97

9.82
	

17.54

10.92

23.11
	<0.0001



	NLR *

	
Median



	
25th Percentile



	
75th Percentile





	

3.39

2.38

5.89
	

21.54

13.74

35.58
	<0.0001



	NPR *

	
Median



	
25th Percentile



	
75th Percentile





	

0.027

0.021

0.036
	

0.112

0.087

0.155
	<0.0001



	NWR *

	
Median



	
25th Percentile



	
75th Percentile





	

0.69

0.64

0.79
	

0.89

0.87

0.92
	<0.0001



	MLR *

	
Median



	
25th Percentile



	
75th Percentile





	

0.46

0.33

0.76
	

1.33

0.07

2.08
	0.0001



	PLR *

	
Median



	
25th Percentile



	
75th Percentile





	

124.4

80.8

221.6
	

224

110

296.3
	0.0268



	MWR *

	
Median



	
25th Percentile



	
75th Percentile





	

0.09

0.07

0.11
	

0.05

0.03

0.07
	<0.0001



	LWR *

	
Median



	
25th Percentile



	
75th Percentile





	

0.20

0.12

0.25
	

0.04

0.02

0.06
	<0.0001







* Wilcoxon test.
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Table 3. Association between markers and the presence of postoperative complications.
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	Complications

ORR/95% CI
	Type 2 DM

ORR/95% CI
	Paroxysmal AFib

ORR/95% CI
	Acute Rejection ORR/95% CI
	Infections

ORR/95% CI





	NMR > 8.9
	0.73

0.07–7.46
	0.38

0.02–6.89
	70.71

3.39–1473.64
	0.41

0.01–10.59
	0.25

0.01–3.37



	NLR > 2.9
	0.81

0.10–6.14
	0.85

0.14–5.18
	3.38

0.33–34.58
	1.44

0.19–10.53
	1.41

0.25–7.82



	NLR > 2.06
	0.67

0.02–16.82
	- *

-
	- *

-
	0.17

0.007–4.31
	3.68

0.11–121.37



	NPR > 0.018
	0.97

0.04–19.96
	- *

-
	- *

-
	0.82

0.05–11.35
	0.52

0.03–6.98



	NWR > 0.55
	- *

-
	- *

-
	- *

-
	- *

-
	- *

-



	MLR > 0.35
	2.80

0.33–23.31
	0.75

0.09 -5.67
	1.70

0.15–19.10
	0.54

0.05–5.01
	2.28

0.28–18.67



	PLR > 204
	3.35

0.25–43.66
	0.98

0.12–8.08
	0.42

0.03–5.18
	0

-
	1.21

0.20–7.17



	MWR > 0.09
	14.74

1.05–206.59
	0.96

0.11–8.10
	0.04

0.003–0.58
	1.56

0.12–19.97
	2.67

0.32–21.97



	LWR > 0.28
	1.56

0.10–23.82
	0.66

0.05–7.81
	0

-
	0.55

0.04–7.07
	1.66

0.20–13.24







* cannot be calculated.
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