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The coexistence of heart failure (HF) and chronic kidney disease (CKD), referred to as cardio-
renal syndrome (CRS), complicates the clinical picture even further and may result in frequent 
hospitalizations and deaths.1) Regardless of the left ventricular ejection fraction (LVEF), 
neurohormonal derangements coexist in patients with HF, including overactivation of the 
renin-angiotensin-aldosterone and sympathetic nervous systems, resulting in worsening intrare-
nal hemodynamics.2) Data from landmark HF clinical trials of neurohormonal antagonists have 
shown hospitalization reduction benefits in patients with LVEF ≤40% or less; however, these 
agents have not been consistently effective in patients with LVEF >50%3,4) Most recently, results 
of a pooled analysis of the EMPEROR-Reduced and EMPEROR-Preserved trials have shown con-
sistent hospitalization risk reduction benefits of empagliflozin among groups of patients with 
LVEF ranging from <25% to <65%.3) Understanding why patients with CRS are hospitalized, and 
how the admission causes differ across the spectrum of LVEF might help inform current clinical 
practice and resource utilization. Therefore, we aim to investigate the causes and characteristics 
of hospitalizations in patients with CRS across the spectrum of LVEF quartiles.

In this study, we included patients with CRS, particularly those having a chronic status of symp-
tomatic HF and a diagnosis of CKD (eGFR <60 mL/min/1.73 m2), including both CRS type II 
(chronic HF leading to CKD) and CRS type IV (CKD leading to chronic HF), at their baseline 
visits to our HF clinic and recorded all hospitalizations for these patients up to the latest avail-
able encounter (between 09/2015 and 03/2023), or until a patient no longer fulfills the definition 
of CRS (eGFR became >60 mL/min/1.73 m2). Causes of hospitalizations were categorized using 
the Medical Dictionary for Regulatory Activities (version 21.0) System Organ Classes.5) Hospi-
talizations due to acute HF or acute kidney injury (AKI) were also reported separately. Cardiac 
and vascular causes were combined under the category of cardiovascular causes. Categorical 
variables were reported as absolute numbers (%), and continuous variables were reported as 
mean ± standard deviation or median (interquartile range [IQR]). The 1,116 hospitalizations 
were stratified into quartiles of LVEF measured at the time of each admission. LVEF cutoffs 
measured 22%, 35%, and 50%, for Q1, Q2, and Q3 groups, respectively. Differences in hospi-
talization characteristics between LVEF quartiles were evaluated using chi-square and Cochran 
Armitage trend tests for categorical variables, and analysis of variance or Kruskal–Wallis tests 
for numerical variables, as appropriate. A p value <0.05 was considered to be statistically signif-
icant. All statistical analyses were performed with JMP® Data Analysis (software version 16; SAS 
Institute Inc., Cary, NC, USA). The study was approved by the local Research Ethics Committee, 
and informed consent was waived due to the retrospective nature of the study.
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Over a median follow-up of 1.6 years, a total of 1,116 hospitaliza-
tions were recorded, with an average of 1.8 admissions per patient 
year. About a quarter (24.3%) of the patients were admitted once 
only. cardiovascular disease (CVD) accounted for 43.5% of hospi-
talizations, with HF as the primary cause of admissions (36.6%), 
while only 8% of hospitalizations were due to AKI, suggesting 
that half of the hospitalizations are attributed to non-cardio-renal 
triggers (Table 1). With increasing LVEF, hospitalizations featured 
older patients, more females, and a higher burden of hyperten-
sion, diabetes mellitus, and hyperlipidemia (Table 1).

Causes of hospitalizations varied significantly across the spectrum 
of LVEF (p<0.001), with significant upward trends noticed in hos-
pitalizations due to non-cardiovascular causes with the increase in 
LVEF (Q1: 42.3% vs. Q4: 74.1%, p<0.001), including renal, respira-
tory, gastrointestinal, and hematological causes. Conversely, there 
was a reduction in rates of HF hospitalizations with higher LVEF 
(Q1: 53.1% vs. Q4: 19.4%, p<0.001). There was no difference in 
length of stay across groups (p=0.6).

On sensitivity analysis, we analyzed causes of first hospitaliza-
tion among our patients (n=259). The index LVEF distribution was 
similar to our primary analysis (median, 35%; IQR, 25–48). Addi-
tionally, a significant reduction in rates of HF hospitalization with 
higher LVEF (Q1: 49.2% vs. Q4: 21.9%, p=0.001) was observed, 
also aligning with our primary analysis.

The Middle East Region features a growing burden of heart failure 
with a concomitant high burden of cardio-renal-metabolic risk 
factors.6,7) Limited data are available on patients with CRS and 
why they get hospitalized, particularly from the Middle East. In a 
previous analysis, we found that one-third (34.4%) of the patients 
visiting the HF clinic (n=968) had CRS (referring to type II or 
IV).8) Our study provides insight into admission triggers in this 
challenging population and highlights that CVD was the leading 
cause of hospitalization in patients with CRS regardless of LVEF. 
Among these CVD hospitalization, acute HF accounted for the vast 
majority of hospitalizations, resulting in 36.6% of the hospitaliza-
tions overall. Acute HF has been associated with poor short‐ and 
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Table 1. Characteristics and causes of hospitalizations in patients with cardiorenal syndrome across the spectrum of LVEF
Characteristics All 

(n=1,116)
LVEF p value

Quartile 1 (10–22) Quartile 2 (22–35) Quartile 3 (35–50) Quartile 4 (50–76)
Number of unique patients - 75 111 107 77 -
Number of hospitalizations - 279 279 279 279 -
Patient age (years) 69.3±11.3 65.4±12.0 70.0±11.0 70.5±10.7 71.1±11.3 <0.001
Female sex 373 (33.4) 37 (13.3) 70 (25.1) 82 (29.4) 184 (66.0) <0.001*

Patient weight (kg) 78.0±18.8 73.7±19.8 77.0±19.4 79.5±15.7 81.8±20.0 <0.001
Hypertension 1002 (89.8) 231 (82.8) 234 (83.9) 267 (95.7) 270 (96.8) <0.001*

Diabetes mellitus 878 (78.7) 183 (65.6) 209 (74.9) 233 (83.5) 253 (90.7) <0.001*

Hyperlipidemia 872 (78.1) 184 (66.0) 220 (78.9) 241 (86.4) 227 (81.4) <0.001*

Atrial fibrillation 448 (40.1) 123 (44.1) 115 (41.2) 105 (37.6) 105 (37.6) 0.3‡

History of smoking 509 (45.6) 184 (65.9) 109 (39.1) 121 (43.4) 95 (34.1) <0.001*

Ischemic heart disease 690 (61.8) 155 (55.6) 187 (67.0) 208 (74.6) 140 (50.2) <0.001†

Patient mean eGFR (mL/min/1.73 m2) 36.8±14.1 39.3±13.1 36.8±13.3 34.2±14.6 36.9±15.1 <0.001
Cause of hospitalization

Cardiac and vascular disorders 485 (43.5) 161 (57.7) 151 (54.1) 101 (36.2) 72 (25.8) <0.001*

Acute heart failure 408 (36.6) 148 (53.1) 126 (45.2) 80 (28.7) 54 (19.4) <0.001*

Non-cardiovascular causes 631 (56.5) 118 (42.3) 128 (45.9) 178 (63.8) 207 (74.2) <0.001*

Renal and urinary disorders + surgical and medical 
procedures

124 (11.1) 18 (6.4) 33 (11.8) 39 (14) 34 (12.2) 0.02*

Acute kidney injury 89 (8.0) 12 (4.3) 25 (9.0) 27 (9.7) 25 (9.0) <0.05*

Respiratory, thoracic, and mediastinal disorders 143 (12.8) 25 (9.0) 27 (9.7) 30 (10.8) 61 (21.9) <0.001*

Gastrointestinal disorders 76 (6.8) 14 (5) 12 (4.3) 25 (9) 25 (9) 0.04*

Hepatobiliary disorders 22 (2) 3 (1.1) 8 (2.9) 3 (1.1) 8 (2.9) 0.3‡

Infections and infestations 131 (11.7) 28 (10) 24 (8.6) 47 (16.9) 32 (11.5) 0.01†

Blood and lymphatic system disorders 37 (3.3) 5 (1.8) 0 (0.0) 9 (3.2) 23 (8.2) <0.001*

Metabolism and nutrition disorders 47 (4.2) 15 (5.4) 10 (3.6) 10 (3.6) 12 (4.3) 0.5‡

Nervous system, musculoskeletal, connective 
tissue, and eye disorders

51 (4.6) 10 (3.6) 14 (5.0) 15 (5.4) 12 (4.3) 0.7‡

Length of stay (days) 6 [3–12] 6 [3–13] 6 [3–13] 6.5 [4–12] 6 [3–11] 0.6
Values are presented as mean ± standard deviation, median [interquartile range], or number (%).
LVEF = left ventricular ejection fraction; eGFR = estimated glomerular filtration rate.
*In addition to the significant p values obtained from the χ2 test, the trend examined through the Cochran-Armitage trend test was statistically significant at a 
level of p<0.05.
†Although the χ2 test yielded a significant p value, the Cochran-Armitage trend test did not reach statistical significance at p<0.05.
‡Neither the χ2 nor Cochran-Armitage trend test revealed a statistically significant difference.



medium‐term outcomes including (early readmission and mortal-
ity), therefore quantifying its burden is of clinical significance.9)

Another significant finding is that non-cardiorenal triggers 
accounted for almost half of the hospitalizations. The latter-men-
tioned events impose a significant morbidity and mortality burden 
as they are hard to prevent, manage, and might result in a more 
complex clinical picture of HF decompensation or worsening 
renal function. This might require multifaceted approaches when 
managing these patients in the hospital to further manage these 
comorbidities. In addition, the current real-world data is confir-
matory in nature, expanding on previous findings in clinical trials 
of higher rates of non-CVD events among patients with HF with 
preserved ejection fraction.10) Our study had several limitations, 
including being a retrospective study that included only hospi-
talizations at one center. In addition, we did not evaluate clinical 
outcomes (such as other major adverse cardiac events) or guide-
line-directed medical therapy prescription patterns. The current 
study features high hospitalization rates in patients with CRS and 
provides insight into outcomes at a busy Middle Eastern HF Clinic 
with high comorbidity burden and can be used for quality assur-
ance and health policy development. Future multicenter studies 
are warranted to further explore variations in admission triggers 
among patients with CRS.
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