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Prevalence and Impact of Co-Morbidity Burden as Defined by the Charlson Co-Morbidity Index on 30-Day, 1 and 5-Year Outcomes after Coronary Stent Implantation (From the Nobori-2 Study)
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Abstract

Co-morbidities have typically been considered as prevalent cardiovascular risk factors and cardiovascular diseases rather than systematic measures of general co-morbidity burden in percutaneous coronary intervention (PCI) patients. Charlson co-morbidity index (CCI) is a measure of co-morbidity burden providing a means of quantifying the prognostic impact of 22 co-morbid conditions on the basis of their number and prognostic impact. The study evaluated the impact of the CCI on cardiac mortality and major adverse cardiovascular events (MACE) post PCI through analysis of the Nobori-2 study. The prognostic impact of CCI was studied in 3067 patients who underwent PCI in 4479 lesions across 125 centres worldwide on 30-day, 1- and 5-year cardiac mortality and MACE. Data were adjusted for potential confounders using stepwise logistic regression. 2280/3067 (74.4%) patients had 1 or more co-morbid conditions. CCI (per unit increase) was independently associated with an increase in both cardiac death (OR 1.47 95%CI 1.20-1.80, P=0.0002) and MACE (OR 1.29 95%CI 1.14-1.47, P≤0.0011) at 30 days, with similar observations recorded at 1 and 5 years. CCI score ≥2 was independently associated with increased 30-day cardiac death OR 4.25, 95%CI 1.24-14.56 (P=0.02) at 1 month and this increased risk was also observed at 1 and 5 years. In conclusion, comorbid burden, as measured using CCI is an independent predictor of adverse outcomes in the short, medium and long term. Co-morbidity should be considered in the decision making process when counseling patients regarding the peri-procedural risks associated with PCI, in conjunction with traditional risk factors.
Introduction


The average age of patients undergoing percutaneous coronary intervention (PCI) has increased over time in western populations
 ADDIN EN.CITE 
1,2
 in part through an increased prevalence of cardiovascular diseases
 ADDIN EN.CITE 
3
 in the increasingly elderly population. This ageing population undergoing PCI has a greater burden of co-morbid conditions
 ADDIN EN.CITE 
4,5
 that are known to have an important prognostic impact on patients with a variety of cardiovascular diseases.
 ADDIN EN.CITE 
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 In patients undergoing PCI, co-morbidities have typically been considered as prevalent cardiovascular risk factors and other cardiovascular diseases
 ADDIN EN.CITE 
1,4,9-11
 rather than systematic measures of general co-morbidity burden. 
The Charlson co-morbidity index is a measure of co-morbidity burden and provides a means of quantifying the prognostic impact of 22 co-morbid conditions on the basis of their number and their individual prognostic impact by means of a score that was developed as a prognostic indicator for patients with a variety of medical conditions.12 The Charlson co-morbidity index (CCI) has been shown to independently predict adverse mortality outcomes in a number of cardiovascular diseases 
 ADDIN EN.CITE 
5-8,13-15
. Analysis of the prevalence and prognostic impact of co-morbidities as defined by the Charlson index is less clearly defined in patients undergoing PCI. Previous studies have reported that the Charlson index is an important predictor of mortality,
 ADDIN EN.CITE 
2,16
 mortality and myocardial infarction
 ADDIN EN.CITE 
16
 and major adverse cardiovascular and cerebrovascular events (MACCE)
 ADDIN EN.CITE 
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 although have not systematically looked at prevalence and type of co-morbidities, or the prognostic impact of Charlson index on short and longer term outcomes or on endpoints such as TVR, major bleeding or stent thrombosis. 
We have therefore evaluated the prevalence of co-morbid conditions that make up the Charlson index and its impact on cardiac mortality, MACE, stent thrombosis, and major bleeding complications in an all-comer population through analysis of data derived from a large prospective multicenter study conducted in 125 centers across Europe and Asia using only drug eluting stents (DES) - the Nobori-2 study.
Methods


The Nobori biolimus-eluting stent (Nobori BES, Terumo, Tokyo, Japan) is an abluminally coated DES with a matrix containing the high-lipophilic, sirolimus-analogue, biolimus A9 drug and the biodegradable poly-lactic acid (PLA) polymer.
 ADDIN EN.CITE 
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 Nobori 2 is a prospective, multicenter study conducted in 125 centers across Europe and Asia to investigate the performance of the Nobori DES system in an all-comers clinical setting
 ADDIN EN.CITE 
19,20
 with the only exclusion criterion used being the patient’s refusal or inability to provide written informed consent. All patients that had at least one Nobori DES implanted or attempted were included in the analysis. All patients signed an informed consent form reviewed and approved by the Institutional Review Board or Ethics Committee of each participat​ing centers. 

Co-morbidity was assessed using the Charlson co-morbidity index (CCI) without age weighting. The CCI is a scoring system that involves weighting co-morbid conditions on the basis of their number and severity and was developed as a prognostic indicator for patients with a variety of medical conditions.12 The comorbidities defined by Charlson et al12 use a point system with each weighted by a value depending on the prognostic impact of co-morbid condition ranging from 1 to 6 points (Table 1). The scores are summated to calculate a CCI, therefore patients with no comorbidities had a CCI of 0, those with only one comorbidity weighted as 1 had a CCI of 1, patients with two comorbidities where both were weighted 1 or one comorbidity was weighted 2 had a CCI of 2, and the patients where the sum of the weighted points of comorbidities was greater than or equal to 3 had a CCI≥3. The CCI was collected at baseline and outcomes were stratified by CCI; CCI 0, CCI 1, CCI 2 and CCI ≥3.


An acute coronary syndrome (ACS) was defined as typical symptoms with ischemic electrocardiographic changes including ST-segment elevation and non–ST-segment elevation and/or laboratory evidence of myocardial damage. MACE was defined as a composite of cardiac death, myocardial infarction (MI) and target vessel revascularization (TVR). Major bleeding complications were defined using the STEEPLE major bleeding criterion.
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 Stent thrombosis was a composite of definite and probable acute, sub-acute, late or very-late stent thrombosis as defined by the Academic Research Consortium.
 ADDIN EN.CITE 
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All clinical, demographic and outcome data were collected into a Web-based data management system coordinated and analyzed by independent companies (KIKA Medical, Paris, France, and SBD Analytics, Bekkevoort, Belgium, respectively). Clinical follow-up data included the documentation of adverse events, death, MI, repeat revascularisation, stent thrombosis, bleeding and angina status.
Follow-up was performed at 1 month, 6 months, and 12 months, and yearly up to 5 years. An independent clinical events committee adjudicated all clinical end points.


Categorical variables are presented as numbers and percentages and were compared with the Fisher exact test. Continuous variables are expressed as mean ± SD and are compared between CCI groups using the Wilcoxon rank sum test. All analyses were performed according to the intention-to-treat principle.  Univariate odds ratios and 95% CI were calculated using a univariate logistic regression model.  For adjusted odds ratios, multivariate logistic regression models were constructed with a stepwise selection method: beginning with an intercept-only model, variables were added repetitively if their p-value was 0.25, with the most significant variable being added to the model. At each step, the model was run and variables with a p-value of >0.05 were again deleted. This process was repeated until no more variables with a p<0.25 were found to be added, or could be dropped if p>0.05. Co-variates entered into the model included age, gender, Charlson score, syndrome of presentation, diabetes, renal function, bifurcation lesion, ACC lesion classification, lesion calcification, multi-vessel disease, lesion length.  All p-values were two-sided, and a p-value of less than 0.05 was regarded as statistically significant.  SAS version 8.02 (The SAS Institute, Cary NC) was used for analysis.

Results


The Nobori-2 study enrolled 3067 patients from 125 centres across the world who underwent PCI to 4479 lesions and were followed up prospectively for 5 years. Follow up data was available in 100% at 1 month, 99.9% at 1 year (1 patient withdrew consent) and 89.3% of patients at 5 years (3 patients withdrew consent, 326 patients were lost to follow up). The mean age (± S.D.) of patients was 64.4±11.0 years, 2,391/3,067 (78%) were male and 1,640/3,067 (53.6%) underwent PCI for ACS indications. The Charlson co-morbidity index (CCI) was collected at baseline and mean (± S.D) CCI for the whole cohort was 1.24±1.24. Figure 1 illustrates the frequency distribution of CCI amongst the cohort: 787 /3067 (25.6%) patients had no co-morbid conditions, whilst the most prevalent CCI score was 1 (1382/3067, 45.1%).


The cohort was stratified by CCI score; CCI 0, CCI 1, CCI 2 and CCI ≥3. Baseline clinical characteristics of participants by CCI group and for the whole cohort are presented in Table 2. The mean age increased across increasing CCI groups; 63.7±10.8 years old in the CCI 0 group and 69.5±10.3 in the CCI≥3 group; P<0.0001. The prevalence of cardiovascular risk factors and co-morbid conditions also increased across the CCI groups. The most common comorbidities found in the Charlson index were previous AMI (987/2,977, 33.2%) and diabetes (888/3,013, 29.5%) whilst the most prevalent non-cardiovascular co-morbidities included COPD (121/2,916, 4.2%), cancer (solid tumour) 75/2,912 (2.6%) and peptic ulcer disease (81/2,917, 2.8%). Table 3 illustrates procedural and lesion characteristics by CCI group. As CCI score increased, the proportion of patients with three vessel disease increased, and lesions were more complex as evidenced by increasing calcification, tortuosity and increased prevalence of type C lesions.


Unadjusted in-hospital, 30-day, 1 year and 5-year cardiovascular endpoints including cardiac death, MACE, myocardial infarction, TLR, major bleeding complications and stent thrombosis rates are illustrated in Table 4. At 30-days there was a non-significant trend towards increasing cardiac death rates as CCI score increased (P=0.059) although MACE events were significantly increased (CCI 0: 5/786 (0.64%); CCI≥3: 8/303 (2.64%), P=0.046). At intermediate (1yr) and longer time points (5yrs), with the exception of stent thrombosis which showed a non-significant trend towards increased rates at higher CCI at all follow up times, all other cardiovascular endpoints reported higher event rates with increasing CCI. Figure 2a and 2b illustrate Kaplan Meier plots for Cardiac death and MACE over 5 years.

The unadjusted and adjusted prognostic impact of CCI (per unit increase) at 30-days, 1 year and 5 years on cardiac death and MACE was studied (Table 5). CCI was independently associated with an increase in both cardiac death (OR 1.47 95% CI 1.20-1.80, P=0.0002) and MACE (OR 1.29 95% CI 1.14-1.47, P≤0.0011) at 30 days. Similar observations were recorded in the medium and longer term at 1- and 5-years respectively.  Table 6 shows the un-adjusted and adjusted impact of individual co-morbidities that contribute to the Charlson co-morbidity index on cardiac death and MACE at 30-days, 1 and 5 years.

Repetitive dichotomization analysis was undertaken to define the optimal cutoff point for CCI for predicting adverse outcomes. A CCI score of ≥2 was found to be optimal by repetitive dichotomization analysis in predicting cardiac mortality and MACE outcomes at 1 month, 1 and 5 years (data not shown). The unadjusted and adjusted impact of the optimal cutoff CCI score of ≥2 was studied on cardiac death and MACE at 1 month, 1 year and 5 years (Figure 3). CCI score of ≥2 was independently associated with increased 30-day cardiac death OR 4.25, 95% CI 1.24-14.56 (P=0.02) at 1 month, 1-year cardiac death OR 4.53, 95% CI 2.27-9.04 (P<0.0001) and 5-year cardiac death OR 3.11 95% CI 2.04-4.73 (P<0.0001).

Discussion


Our study is the largest to date to systematically study the prevalence and prognostic impact of co-morbidities defined by the Charlson co-morbidity index in a multicenter cohort of patients undergoing PCI. We have observed that the vast majority of patients undergoing PCI have a significant burden of co-morbidities, with close to 75% of patients undergoing PCI in our cohort having at least one co-morbid condition defined by the index. Increasing CCI score is associated with worsening procedural outcomes such as increased rates of myocardial infarction, MACE, cardiac mortality and major bleeding complications with each unit increase in CCI risk score independently associated with a 50% increase in 30-day cardiac death and 30% increase in MACE, and this relationship persists for up to 5 years follow up. 

The prevalence of co-morbidities has been observed to increase over time in line with the increasingly elderly patients that undergo PCI. National data from Spain over a 10-year period (2001-2011) has documented that the average age of diabetic and non diabetic patients undergoing PCI has increased by an average of 2 years, whilst the proportion patients with no co-morbid conditions has decreased significantly over the same time frame.
 ADDIN EN.CITE 
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 In contemporary studies, a significant proportion of patients with coronary heart disease have a significant burden of co-morbidities with over half of patients reported as having at least 1 co-morbid condition in a number of studies 
 ADDIN EN.CITE 
5,6


The four most prevalent co-morbid conditions identified in our cohort were risk factors for, or manifestations of coronary artery disease, including previous AMI (33.2%), diabetes (29.5%), PVD (6.6%) and previous CVA (4.4%) whilst other co-morbid conditions such as COPD (4.2%), peptic ulcer disease (2.8%) and solid tumours (2.6%) were the most common non-cardiovascular co-morbid conditions. Similarly in the Duke cohort,
 ADDIN EN.CITE 
6
 COPD (6.5%) and peptic ulcer disease (12.6%) were the most prevalent non-cardiovascular co-morbidities whilst in the study of Radovanovic5, COPD (6%) and malignant neoplasms (4.3%) were the most common, whilst other co-morbidities were relatively rare. We have observed that moderate to severe liver disease and leukemia are amongst the strongest independent predictors of cardiac mortality. Leukemia is well documented to increase the risk of stent thrombosis 


23 ADDIN EN.CITE  whilst significant liver disease is associated with coagulopathies that increase the risk of major bleeding events, aswell as abnormal platelet function which would contribute to the increased cardiac mortality reported for both conditions. Furthermore, the presence of liver cirrhosis has been shown to be an independent predictor of adverse outcomes post PCI and is a component of contemporary PCI risk stratification scores 
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We observe that increasing co-morbidity burden defined by increasing CCI score is associated with adverse procedural outcomes following PCI with increased rates of myocardial infarction, MACE, cardiac mortality, target lesion revascularisation and major bleeding complications and that even following adjustment for differences in baseline co-variates, the adverse prognostic impact of CCI on cardiac death and MACE persists with each unit increase in CCI risk score independently associated with a 50% increase in cardiac death and 30% increase in MACE at 30 days. We report that the optimal cutoff point for independently predicting adverse cardiac death and MACE events is ≥2 which would equate to close to 30% of the population and is independently associated with a 4-fold increase in 30-day cardiac mortality and 2-fold increases in 30-day MACE.


Contemporary risk stratification scores for PCI are based upon traditional cardiovascular risk factors, patient’s characteristics and procedural demographics.
 ADDIN EN.CITE 
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 Cardiovascular co-morbid conditions such as diabetes, peripheral vascular disease, heart failure and chronic renal failure are important components of contemporary risk stratification scores for PCI
 ADDIN EN.CITE 
25,26
 whilst other co-morbid condition such as chronic pulmonary disease contribute to the clinical SYNTAX
 ADDIN EN.CITE 
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 and the NCDR risk scores.
 ADDIN EN.CITE 
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 Contemporary PCI risk scores have not systematically included a weighting for co-morbidity burden, despite the important prognostic impact of measures of co-morbidity such as CCI in patients with cardiovascular disease.
 ADDIN EN.CITE 
5,7,8,13,15-17
 The addition of CCI to contemporary risk stratification scores has been shown to improve the performance of cardiovascular models in predicting risk. For, example addition of CCI to the Mayo Clinic Risk Score (MCRS) for PCI increased net re-classification index by 34% and improved the c-statistic for the model significantly. Similarly, addition of CCI Index to the GRACE Risk Prediction Index improves prediction of outcomes in acute coronary syndrome.13



Our analysis shows that co-morbidity burden defined by CCI score is significant in our cohort of patients and has an independent prognostic impact on outcomes post PCI. This supports the inclusion of measures of co-morbid burden in the decision making process when counseling patients regarding peri-procedural PCI risks.


Our analysis has several strengths. Our analysis is the first multi-national multi-centre prospective study to systematically study the prevalence and prognostic impact of CCI in a cohort of patients undergoing PCI across 125 centres in Europe and Asia. The study utilises a single contemporary drug eluting stent platform, hence differences observed are not related to differences in stent type (DES vs BMS) or platform choice. Finally an independent clinical events committee adjudicates all end-points. Our analysis has limitations. Whilst there are no formal exclusion criteria for entry into the Nobori-2 study (apart from inability to consent), the frailest patients with highest co-morbid conditions may not have been approached for entry into the study, or were excluded by virtue of the use of a bare metal-stent due to major co-morbidity burden and perceived bleeding risk. Furthermore, the highest risk emergent cases that were unable to consent were not being included, aswell as the most complex lesion subgroups (only 30% of patients included in this study had type C lesions) hence there might be an element of selection bias for entry into the study, which may contribute to the low event rates reported in our study.
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