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A Combination of Chest Radiography and Estimated Plasma Volume May Predict In-Hospital Mortality in Acute Heart Failure
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Background: Patients with heart failure (HF) often display dyspnea associated with pulmonary congestion, along with intravascular congestion, both may result in urgent hospitalization and subsequent death. A combination of radiographic pulmonary congestion and plasma volume might screen patients with a high risk of in-hospital mortality in the emergency department (ED).

Methods: In the pathway of dyspneic patients in emergency (PARADISE) cohort, patients admitted for acute HF were stratified into 4 groups based on high or low congestion score index (CSI, ranging from 0 to 3, high value indicating severe congestion) and estimated plasma volume status (ePVS) calculated from hemoglobin/hematocrit.

Results: In a total of 252 patients (mean age, 81.9 years; male, 46.8%), CSI and ePVS were not correlated (Spearman rho <0 .10, p > 0.10). High CSI/high ePVS was associated with poorer renal function, but clinical congestion markers (i.e., natriuretic peptide) were comparable across CSI/ePVS categories. High CSI/high ePVS was associated with a four-fold higher risk of in-hospital mortality (adjusted-OR, 95%CI = 4.20, 1.10-19.67) compared with low CSI/low ePVS, whereas neither high CSI nor ePVS alone was associated with poor prognosis (all-p-value > 0.10; Pinteraction = 0.03). High CSI/high ePVS improved a routine risk model (i.e., natriuretic peptide and lactate)(NRI = 46.9%, p = 0.02), resulting in high prediction of risk of in-hospital mortality (AUC = 0.85, 0.82-0.89).

Conclusion: In patients hospitalized for acute HF with relatively old age and comorbidity burdens, a combination of CSI and ePVS was associated with a risk of in-hospital death, and improved prognostic performance on top of a conventional risk model.
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INTRODUCTION

Congestion in heart failure (HF) is defined as a high left ventricular filling pressure associated with signs and symptoms of HF such as dyspnea and edema (1–3). Patients with acute HF (AHF) often require urgent emergency department (ED) admissions due to acute dyspnea, which may be related to both pulmonary and intravascular congestion (2–5). Once treatment of congestion has been initiated in the ED and their effects have been assessed, clinical decisions are made about subsequent hospital management. However, whether the severity of congestion in the ED is associated with a higher risk of in-hospital mortality has not been well documented (6–8). Assessment of integrating pulmonary and intravascular congestion might provide better patient risk stratification.

The congestion score index (CSI) is a semi-quantitative method for assessing pulmonary congestion on chest radiography (CXR) (9–11). Plasma volume (PV), on the other hand, expresses the intravascular portion of the extracellular fluid volume, and is estimated from hemoglobin/hematocrit levels (12–14). Its estimation (estimated plasma volume status, ePVS) has been associated with left ventricular (LV) filling pressure (i.e., E/e' and invasively-measured LV end-diastolic pressure) (15) and with pulmonary congestion (16). Recent published reports showed that ePVS and CSI were associated with clinical outcomes in several HF settings (10–14). Accordingly, our group reported that increased both ePVS and CSI of AHF patients were associated with a high risk of 90-day post-discharge outcomes (9). We hypothesized that the combination of elevated CSI and ePVS could potentially identify patients with markedly increased congestion in the ED, and provide important risk-stratification for in-hospital management.

The main objectives of the present study are to (i) assess the interplay between CSI and ePVS in patients admitted for AHF in the ED and (ii) explore the association of CSI and/or ePVS with in-hospital mortality.



METHODS


Study Population

The Pathway of dyspneic patients in Emergency (PARADISE) cohort is a retrospective cohort study including consecutive acute dyspneic patients aged 18 years or older who admitted for the ED of the Nancy University Hospital (France) between January 1, 2015 and December 31, 2015 as previously reported (14, 17, 18). These patients were systematically reviewed and selected by investigators using the hospital's electronic ED charts (RESURGENCES). Then, two medical physicians independently labeled patients with AHF per ESC guidelines (19) based on medical admission examination records (e.g., echocardiogram, natriuretic peptide level and patient response to diuretic/bronchodilators therapy). Only patients with AHF diagnosis were included in the current analysis. Importantly, the aforementioned physicians had no access to CSI quantification on CXR, which was performed after this patient selection.

Among 1,589 patients included in the PARADISE cohort, 252 AHF patients with available data on CXR and hemoglobin/hematocrit were studied. Those with length of hospital stay > 30 days were excluded since they likely had either atypical degrees of congestion or non-congestion related problem (Supplementary Figure 1). Demographic parameters, medical history, physical examination, laboratory findings and treatment received in the ED were retrieved from the patient electronic records. The PARADISE cohort was approved by the Commission Nationale de l'Informatique et des Libertés (CNIL) (Number R2016-08) and registered on “Clinicaltrials.gov” (NCT02800122).



Radiographic Congestion Score Index

CSI is assessed to quantify the severity of pulmonary congestion on CXR as previously described (9, 10). After dividing the lung field into six equal zones, each area was assessed as follows: Score 0, no congestion sign; Score 1, cephalization (superior area), perihilar haze or perivascular/peribronchial cuffing or Kerley's A lines (middle area), Kerley's B or C lines (inferior area); Score 2, interstitial or localized/mild alveolar pulmonary edema; Score 3, intense alveolar pulmonary edema (Figure 1). To enhance the reproducibility of confluent edema severity, a portion of the lung fields which was visually similar than the cardiac silhouette was considered as an intense edema, whereas the field with weaker density was considered as a mildly intense edema. Lung areas were not scored when more than one third of the divided lung fields were occupied by pleural effusion (including vanishing tumor), atelectasis or cardiac silhouette. CSI was calculated as the sum of the scores in each zone divided by the number of available zones. An examiner also assessed the presence of pneumonia, pleural effusion, and the difficulty in assessing CSI.


[image: Figure 1]
FIGURE 1. Radiographic congestion score index. The scoring is performed on six lung fields. (A,B) Provide examples of grades 0-3. *Confluent edema was regarded as intense edema when the density in an area of the divided lung field was visually similar to that of cardiac silhouette.


CXR was analyzed by a single emergency physician (AD), blinded to clinical data and outcome, with no prior training in CSI. After a short training (~3 h) using a 20-patient sample with a radiographic CSI expert (MK), when blinded to clinical data and outcome, intra-class correlation coefficients showed good reproducibility (intra-observer agreement [95%CI], 0.85 [0.71-0.93]; inter-observer agreement [95%CI] with MK, 0.81 [0.64–0.90]).



Estimated Plasma Volume Status

ePVS was calculated from the Strauss-derived Duarte formula using hematocrit and hemoglobin (12, 20) as follows: ePVS (ml/g) = 100 × (1-hematocrit)/hemoglobin in g/dl.



Statistical Analysis

Patients were divided into four groups according to sex-specific median ePVS (4.64 ml/g in male and 5.03 ml/g in female) and median CSI (2.20); low CSI/low ePVS, high CSI/low ePVS, low CSI/high ePVS, and high CSI/high ePVS. Categorical variables are presented as frequencies (percentages) and continuous variables as means ± standard deviation or median (25th and 75th percentiles), according to variable distribution. Comparisons of demographic, clinical and biological parameters across CSI/ePVS categories were analyzed using variances, Kruskal-Wallis test and χ2 test, as appropriate. Inter-observer and intra-observer agreements of CSI were assessed with intra-class correlation coefficients.

Logistic regression analysis was used to study the associations of CSI/ePVS categories with in-hospital mortality. The relevant covariates as previously shown were followings (7, 9): age, sex, prior HF hospitalization, a previous use of diuretics therapy, continuous positive airway pressure (CPAP), blood urea nitrogen (BUN), estimated glomerular filtration rate [eGFR, as calculated from the Chronic Kidney Disease Epidemiology Collaboration formula (21)], brain natriuretic peptide (BNP) and lactate. An interaction test was performed to determine the likelihood of interaction between CSI and ePVS on in-hospital mortality. Interactions between CSI/ePVS categories and baseline clinical presentations on the outcome were also tested. In addition, time-to-event comparisons were analyzed using log rank test and Cox proportional hazards models. Survival probabilities were estimated using the Kaplan-Meier method and plotted as survival curves with CSI/ePVS categories.

Furthermore, net reclassification improvement (NRI) was used to assess the increase in discriminative value of the addition of high CSI/high ePVS on the top of the aforementioned covariates including clinical model (i.e., age, sex, prior HF admission, diuretics, and CPAP) plus biological model (i.e., BUN, eGFR, BNP and lactate at admission). The continuous NRI method was implemented in the survIDINRI package of the R software (22).

A p-value < 0.05 was considered significant. No imputation was performed. Statistical analyses were performed using the R statistical software (3.4.0).




RESULTS

Approximately a half of the 252 included patients were male (46.8%), mean age was 81.9 ± 9.8 years, mean body mass index was 26.7 ± 6.4 kg/m2 and 22.2% had a prior admission for HF. Median BNP was 516 (271-1,001) pg/ml (Table 1). Median (IQR) CSI and ePVS were 2.2 (1.8-2.5) and 4.9 (4.0-5.9) ml/g, respectively. There was not significant correlation between them (Spearman rho <0.10, p = 0.44).


Table 1. Baseline characteristics according to CSI/ePVS subsets.
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Description of the Population According to CSI and ePVS

When considering subsets of patients divided according to the median of CSI and ePVS (Table 1), high CSI/high ePVS was associated with a frequent use of diuretics prior to admission, poor renal function and low partial pressure of arterial oxygen compared with other CSI/ePVS categories. Similar results were observed across CSI/ePVS subgroups with regard to age, sex, body mass index, comorbidities, congestion signs and BNP.



Association of CSI/ePVS Interplay With in-hospital Mortality

In-hospital mortality occurred in 18.0% of patients (N = 45). By univariable logistic models, neither high admission CSI nor ePVS was associated with a higher risk of in-hospital mortality (all p-values > 0.05) (Table 2).


Table 2. Logistic regression models for in-hospital mortality.
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However, a significant interaction between CSI and ePVS was observed for in-hospital mortality (p-value for interaction = 0.03). The association of CSI/ePVS-derived subsets with outcome was consequently investigated. In univariable analysis, patients with high CSI/high ePVS were associated with a higher risk of in-hospital mortality [OR [95%CI] = 2.60 [1.10-6.51], p = 0.03] compared with those with low CSI/low ePVS. After adjustment for potential clinical covariates including BNP and lactate, patients with high CSI/high ePVS still had a four-fold increase in the risk of in-hospital mortality (adjusted-OR [95%CI] = 4.20 [1.10-19.67], p = 0.048) (Figure 2). In contrast, other configurations (either high CSI alone or high ePVS alone) were not significantly associated with in-hospital mortality.


[image: Figure 2]
FIGURE 2. Interplay of congestion score index derived from chest radiography and plasma volume estimated from hemoglobin/hematocrit evaluation with high risk of in-hospital mortality. OR, odds ratio; CSI, congestion score index; ePVS, estimated plasma volume status.


Similarly, the prognostic value of high CSI/ high ePVS was consistent across subgroups of age, sex and comorbidities (coronary artery disease, COPD) or associated diagnosis (pneumonia, pleural effusion) or quality of chest radiogram (p-value for interaction > 0.05; Supplementary Table 1).

When considering time-to-event analyses, prognostic value of CSI/ePVS categories for in-hospital mortality appeared to be more prominent after 7 days following ED admission (Supplementary Figure 2). Patients with high CSI/high ePVS tended to be at a higher risk of outcome after 7 days (HR [95%CI] = 6.81 [0.86-53.90], p = 0.07), but not before 7 days (HR [95%CI] = 1.16 [0.45-3.01], p = 0.76;) (Supplementary Table 2).



Improvement in Reclassification Associated With in-hospital Mortality

Risk prediction of in-hospital mortality as assessed by the clinical model had moderate strength (AUC [95%CI] = 0.73 [0.63-0.83]); the addition of biological variables on top of the clinical model significantly improved reclassification (NRI [95%CI] = 64.0 [26.4-101.6], p < 0.001) (Figure 3). Importantly, the addition of high ePVS/high CSI significantly improved reclassification on top of the clinical plus biological models (NRI [95%CI] = 46.9 [8.7-85.1], p = 0.02). The combination of clinical, biological models and high ePVS/high CSI resulted in a high level of prediction of the risk of in-hospital mortality (AUC [95%CI] = 0.85 [0.82-0.89]) (Figure 3).
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FIGURE 3. Improvement in reclassification of in-hospital mortality. Clinical model; age, sex, prior admission of heart failure, diuretics therapy and use of continuous positive airway pressure. Biological model; blood urea nitrogen, estimated glomerular filtration rate, brain naturistic peptide, and lactate at admission. NRI, net reclassification improvement; CSI, congestion score index; ePVS, estimated plasma volume status.





DISCUSSION

The main findings of the present study are that (1) patients with both high CSI and high ePVS had similar clinical congestion and BNP concentrations than other categories of CSI/ePVS; (2) these patients had a four-fold increased risk of in-hospital mortality, whereas patients with either high CSI or high ePVS alone did not display a poorer prognosis compared with those with low CSI/low ePVS and; (3) the addition of high levels of CSI and ePVS on top of the clinical plus biological prediction models (i.e., age, prior HF admission, renal function, natriuretic peptide, and lactate) was associated with a significant improvement in reclassification for in-hospital mortality. Our results highlight that radiographic pulmonary congestion scoring and PV (estimated from hemoglobin/hematocrit) further refined patient prognosis on top of well-known confounders (i.e., natriuretic peptide and lactate), thus helping emergency physicians in triaging high-risk acute heart failure patients admitted in the emergency department.


Association of the Combination of CSI and ePVS With in-hospital Mortality

This study included patients with relatively old age (mean age 82 years) and/or a comorbidity burden (i.e., hypertension, chronic obstructive pulmonary disease), which may partly explain a high rate of in-hospital death when compared with other cohorts (23–25). Patients with high CSI/high ePVS had poorer renal function and lower partial pressure of arterial oxygen, which may express a more severe congestion status in these patients (2, 26, 27). However, no difference in clinical congestion (i.e., rales and leg edema) and natriuretic peptides was observed across CSI/ePVS categories, suggesting that CSI/ePVS categorization goes beyond the routine assessment of congestion markers (i.e., clinical exam and natriuretic peptides quantification). Intriguingly, we observed a poor correlation between CSI and ePVS, which may be partly explained by the fact that not only fluid accumulation - as expressed by PV- but also fluid redistribution from splanchnic venous system may contribute to degrees of pulmonary congestion (3, 28–30). Different interplays of CSI and ePVS may be related to different pathophysiological scenarios.

Our results showed that only the simultaneous presence of pulmonary and intravascular congestion (namely high CSI/high ePVS) conferred a higher risk of in-hospital mortality, whereas patients with only one severe congestion (pulmonary congestion or intravascular congestion) marker had a comparable risk of adverse outcome when compared with those without. In previously published data, a uniform definition of congestion not acknowledging the distinction between pulmonary and intravascular congestion provided a limited predictive value of congestion for in-hospital mortality (6, 7). Our results, therefore, suggest that the initial assessment of pulmonary congestion in the ED, based on CSI sensitized by ePVS, can provide better a risk-stratification in patients admitted for AHF. Furthermore, worse prognosis of high CSI/ high ePVS was likely observed after 7 days of ED admission, suggesting it may not be a marker of an immediate risk.



Discriminative Value of CSI and ePVS Interplay on in-hospital Mortality

The management of AHF in the ED limits available tools of assessing the severity of congestion. Several prognostic markers (i.e., renal function, natriuretic peptide, and lactate) are widely used for triage assessment, allowing a determinant of decision-making in patients admitted for AHF in the ED (31, 32). However, these features are not specific for pulmonary congestion, which eventually causes acute dyspnea in HF. Importantly, in the present study, we demonstrate the incremental value of CSI/ePVS interplay in predicting prognosis on top of well-known prognostic markers, suggesting the need for the plausible assessment of congestion associated with the occurrence of dyspnea in patients admitted for AHF.



Clinical Perspectives

More than 80% of AHF patients expressing dyspnea initially present to the ED (33, 34). Current recommendations advocate for initiating AHF treatment including diuretic treatment within an hour of admission, which may potentially improve in-hospital outcome (35, 36). However, congestion assessment tools (e.g., echocardiogram and lung ultrasound) may not be available to emergency physicians in routine clinical practice (25). Therefore, our readily and widely available method of assessing congestion, based on chest radiography and hemoglobin/hematocrit, may provide a better identification of patients at markedly high-risk of ED admission. An adequately powered prospective study is further needed to confirm its prognostic value for in-hospital mortality in the ED.



Limitations

The results should be interpreted in light of the following limitations. First, this is a retrospective single-center cohort study including a moderate number of relatively old patients (mean age 82 years) with a high level of comorbidity burdens, leading to limited statistical power and possible residual confounding. Particularly, prognostic value of ePVS/CSI interplay was corroborated by results in logistic regression model, but not in time-to-event analyses in which high CSI/ high ePVS subgroup had a nominal p-value of 0.07 for high risk of outcome. Further research with a larger sample size is needed. Second, CSI is a semi-quantitative tool with some subjective assessment. However, in our experience, a short training period of ~3 h is sufficient to achieve accurate and reproducible scoring. The prognostic value of CSI/ePVS, in addition, was not significantly influenced by the quality of the chest radiographic images, suggesting that our findings may apply to a broad spectrum of clinical settings. Third, chest radiogram was generally assessed as soon as possible after ED admission, but the exact time at which chest radiogram was performed is lacking. We, thus, cannot ascertain that initial therapeutic interventions (i.e., furosemide, continuous positive airway pressure) may not impact CSI evaluation, although this would be the case in routine ED practice in most centers. Fourth, in addition to lack of direct measured PV, there is no accepted normal value of ePVS; however, PV estimated from hemoglobin/hematocrit had a good correlation with measured PV in a recent report (37), and ePVS > 5.5 g/dl may be a useful threshold to identify congestion in HF based on previously published data (13, 14, 38). Fifth, New York Heart Association functional class and echocardiographic data were not available, which could potentially have modified the prognostic value of CSI/ePVS in adjusted models (9). However, echocardiogram is currently scarcely available to screen high-risk patients in the ED in most countries (35, 39).




CONCLUSION

In relatively old (mean age 82 years) patients hospitalized for acute HF with a high level of comorbidity burdens, pulmonary/intravascular congestion scoring categories as assessed by CXR and ePVS had similar severity of congestion assessed by physical examination/natriuretic peptides. However, high CSI and high ePVS identified patients at a high-risk of in-hospital death, improving patient-risk stratification beyond clinical plus biological prognostic models. These results suggest that this readily and widely available congestion assessment, integrating chest radiography and hemoglobin/hematocrit, may represent a valuable triage tool for patients admitted for AHF with dyspnea in the ED.
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