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Abstract
Background

The presence of acute kidney injury in patients admitted with acute heart failure (AHF) known as
cardiorenal syndrome type 1(CRS1) is a serious clinical condition that is associated with prolonged
hospitalization and poor prognosis. However, few studies have been done in this area in sub-Saharan
Africa especially in Nigeria. The aim of this study was to determine the impact of cardiorenal syndrome
type 1 (CRS 1) on duration of hospitalization, admission outcome, rehospitalization, mortality and health-
related quality of life at day 30 among patients admitted for acute heart failure at Federal Teaching
Hospital, Gombe.

Method

This was a prospective longitudinal cohort study where 149 patients admitted for acute heart failure at
Federal Teaching hospital, Gombe were recruited after ethical approval for a duration of 10 months.
Acute heart failure was diagnosed according to European Society of Cardiology guidelines. Serum urea
and creatinine were measured at presentation and repeated at day 2 and day 7 or at discharge. Acute
kidney injury was diagnosed according to KDIGO clinical practice guideline, 2012. Duration of hospital
stay, admission outcome, rehospitalization, mortality and impact on health- related quality of life at day
30 were assessed and analysed for all the patients using computer-based Statistical Package for Social
Sciences (SPSS) version 27.0.

Results

Out of 149 AHF patients recruited, 71 (47.7%) developed AKI either at presentation, day 2 or day 7.
Patients with CRS1 have longer hospital stay (10.52 + 5.23 vs 6.21 + 2.67 days), increased in-hospital and
day 30 hospital mortality ({15.5 vs 1.3%} and {29.6 vs 6.4%} respectively). Cardiorenal syndrome type 1
was also associated with poor health-related quality of life at day 30.

Conclusion

Cardiorenal syndrome type 1 accounts for 47.7% of AHF patients in this study. CRS1 contributes to
longer hospital stay and it is a predictor of higher in-hospital and day 30 mortality, poor clinical outcome
and overall health-related quality of life at day 30. This study provided an understanding of the
magnitude of morbidity, mortality and poor health-related quality of life associated with CRS1.

1.0 Introduction
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Heart and kidneys are interdependent in the clinical syndrome of heart failure (HF) and its
complications.? It is now sufficiently clear that kidney dysfunction occurs frequently in all phenotypes of
HF.! Kidney dysfunction is common in HF patients and is an independent poor prognostic factor in heart

failure.’

Acute heart failure (AHF) refers to rapid or gradual onset of symptoms and/or signs of heart failure (HF),
severe enough for the patient to seek urgent medical attention, leading to an unplanned hospital
admission or an emergency department visit.2 AHF may be the first manifestation of HF (new onset) or,
more frequently, be due to an acute decompensation of established chronic HF. AHF can present as
acute pulmonary oedema, isolated right ventricular failure, cardiogenic shock, or acute decompensated
heart failure.? AHF is associated with many complications, among them are arrhythmias,
thromboembolism, cardiorenal syndrome type 1, and sudden cardiac death.? These complications are
markers of poor prognosis in patients with AHF.3

Acute kidney injury (AKI) refers to an abrupt decrease in kidney function that is possibly reversible or in

which harm to the kidney can be modified.*"® To make a diagnosis of AKI, patient must meet one of the
following criteria: (a) increase in serum creatinine greater than or equal to 0.3mg/dL within 48 hours (b)
increase in serum creatinine by greater than or equal to 1.5 times baseline that is known or presumed to

have occurred within the past 7 days (c) urine volume less than 0.5mL/kg/h for at least 6 hours .#7®

Cardiorenal syndrome type 1 (CRS1) is characterized by an acute heart disorder leading to acute kidney
injury (AKI). It is one of the most common complications in the first 48 hours in patients with AHF.2 It is
an important cause of hospitalization that affects the diagnosis as well as the prognosis and treatment
of patients, increasing the risk of cardiovascular mortality and morbidity, duration of hospitalization and
the frequent need for rehospitalization. It occurs in 25-33% of patients hospitalized for acute heart
failure.®™ 1

Common approaches to the CRS1 diagnosis include the use of the following reference values of
baseline creatinine, from which the creatinine increase defines CRS1: a) serum creatinine on admission;
b) the lowest creatinine during hospitalization; c) serum creatinine levels of other hospitalization; or d)
outpatient measurements of serum creatinine.’? However, KDIGO recommends the lowest serum
creatinine during hospitalization as the most reference value.'?

The burden of renal dysfunction in AHF has been reported to be high. Even slight decreases in estimated
glomerular filtration rate (GFR) significantly increase mortality risk.'# This study provided an
understanding of the magnitude of risks of morbidity and mortality associated with this group of
patients and its impact on health-related quality of life especially in our environment with limited data on
CRS1.

The objective of this study was to determine the impact of CRS Type 1 on duration of hospitalization,
admission outcome, rehospitalization, health-related quality of life and mortality at day 30 among
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patients admitted with AHF at FTHG.

Health-related quality of life (HRQoL) is defined as “an individual's perception of their position in life in
the context of culture and value systems in which they live and in relationship to their goals,
expectations, standards and concerns” according to WHO."® HRQoL is described as different from
quality of life in that HRQoL is often used to exclude certain aspects of life that do not directly affect
health status such as income and quality of environment.'® It encompasses five categories of concepts
including duration of illness, impairment, functional status, health perception, and opportunities. HRQoL
can help determine the burden of diseases, outcome measure, give an insight into risk factors, and
monitor the progress of disease, measure performance of health systems. Heart failure patients face a
wide variety of symptoms that adversely impact on their quality of life.!”

Health related quality of life is measured using HRQoL instruments that are self-administered,
interviewer-administered or posted questionnaires and basically classified into generic and disease-
specific instruments.'® Kansas City Cardiomyopathy Questionnaire (KCCQ) is an example of disease-
specific instrument which was used in this study because it has been validated to have greater
sensitivity and responsiveness in Nigeria population.’®~2

A shorter version (KCCQ-12) was used which is highly correlated with the original 23-item scale score
(KCCQ-23). The KCCQ-12 (see additional file 1) preserves the validity, reliability, responsiveness,
prognostic importance, and interpretability of the original instrument while reducing the response burden
by half. It thus has the potential to be more implementable in routine clinical care and can open
important opportunities to improve the quality of heart failure care through quality assessment efforts,
tailored population health interventions, more practical clinical trials, and better doctor-patient
communication.??~24

KCCQ-12 quantifies the following health status domains: symptom frequency, physical limitations, social
limitations, and quality of life. The average scores of the four domains generate KCCQ-12 overall
summary scores (KCCQ-12), and the mean of physical limitation and symptom frequency generates the

clinical summary.?%23

2.0 Methodology
2.1 Study Area

The study was carried out at the cardiology unit, Department of Medicine, Federal Teaching Hospital,
Gombe, Gombe state. It is a 500-bed capacity tertiary health institution serving residents of Gombe state
as well as other north-eastern states of Nigeria.

2.2 Study Design

Page 5/17



This was a prospective longitudinal cohort study to determine the impact of CRS1 among patients
admitted for acute heart failure (AHF) at Federal Teaching Hospital, Gombe (FTHG).

2.3 Study Population

The study population was consecutively adult patients with acute heart failure (both de novo
presentations and acute decompensations with pre-established diagnosis of heart failure), who met the
inclusion criteria, having presented to the emergency unit and/or cardiology clinic of FTHG within 24
hours. Acute heart failure was diagnosed based on guidelines of the European Society of Cardiology on
the diagnosis and treatment of acute heart failure.? The duration of data collection was 10 months (May
2024 to February 2025).

2.3.1 Inclusion Criteria

1. Patients who fulfilled the diagnosis of acute heart failure using the guidelines of the European
Society of Cardiology on the diagnosis and treatment of AHF.

2. Patients 18 years and above

3. Patients who gave consent to participate in the study.

2.3.2 Exclusion Criteria

1. Patients with pre-existing chronic kidney disease

2. Patients with evidence of other causes of acute kidney injury other than AHF like intravascular
volume depletion, nephrotoxic medication, intrarenal and extrarenal obstruction.

3. Patients who have had kidney transplant.

4. Patients with solitary kidney.

5. Patients who died less than 48 hours of admission

2.4. Data Collection Methods

The patients were interviewed using standard proforma (see additional file 2) to obtain clinical details,
including NYHA class within 24 hours of admission.

Clinical history involved previous HF-related admissions, possible aetiology of HF, medication use,
history to exclude background kidney disease (history of kidney dysfunction = 3 months) and other
causes of AKI (including sepsis, intravascular volume loss, lower obstructive urinary symptoms, features
of kidney dysfunction preceding AHF symptoms etc), previous serum urea and creatinine value within
the last three months.

Serum creatinine and urea were measured on admission and repeated on days 2 and 7 or on hospital
discharge (whichever came first). Serum urea and creatinine were measured using auto analyser Cobas
integra 400 plus (Germany). All samples were analysed in the central laboratory of Federal Teaching
Hospital, Gombe.
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The presence of AKI was determined by comparing a patient’s baseline creatinine levels with the highest
creatinine level within 48 hours or 7 days during the index admission. >2°2° For the baseline creatinine
level, the first creatinine level'%2° or lowest creatinine'22° |evel in the same index admission was used as
baseline. AKI was defined as increase in baseline creatinine levels by at least 0.3 mg/dL (=26.5 pmol/L)

in the index admission within 48 hours 1225

5,27

or increase in baseline creatinine by at least 1.5 times within
7 days.

Renal ultrasound scan (including vascular doppler) was done with assistance of a radiologist for all the
patients to assess the structural changes of the kidneys, intra-renal resistance, renal vessel obstruction
and features of intrarenal and extrarenal obstruction to exclude background chronic kidney disease and
other causes of AKI (see additional file 2).

Patients who met the inclusion criteria were consecutively recruited. Subsequently, each patient
recruited was classified as patient with CRS type 1 and without CRS type 1 according to 2012 KDIGO
criteria and each of the patients was followed up till 30 days independently as illustrated in Fig. 1 below.

All recruited patients were followed up from admission till day 30 to determine their duration of hospital
stay, admission outcome, rehospitalization, mortality and health- related quality of life using KCCQ-12 at
day 30. The follow up after discharge was via telephone contact and clinic visit. All the patients were on
maximal tolerated dose of guideline directed medical therapy (GDMT) with or without other medications
required in the treatment of AHF and co-morbidities. All the patients recruited in this study were
compliance with their medications

Kansas City Cardiomyopathy Questionnaire-12 (KCCQ-12) was administered by the researcher at day 30.
The study did not interfere with the patient’s management according to hospital guidelines. Scales
scores from KCCQ-12 are transformed to a 0 to 100 range by subtracting the lowest possible scale
score, dividing by the range of the scale, and multiplying by 100. The scores were subsequently
summarized in 25-point ranges, where scores represent health status as follows: 0 to 24: very poor to
poor; 25 to 49: poor to fair; 50 to 74: fair to good; and 75 to 100: good to excellent.?? The average scores
of the four domains generated KCCQ-12 overall summary scores, and the mean of physical limitation
and symptoms frequency generated the clinical summary.

2.5 Statistical Analysis

All data generated were collated into Excel spreadsheet and subsequently transferred and analysed
using computer-based Statistical Package for Social Sciences (SPSS) version 27.0. Continuous variables
(such as duration of admission) were normally distributed after subjected to normality test (Kolmogorov-
Smirnov test). Continuous variables were presented using mean and standard deviation. Categorical
variables (such as admission and day 30 outcome, KCCQ domains) were presented in frequency and
percentages. Independent sample t-test was used to compare the mean duration of hospitalization.
Multinomial logistic regression analysis was used to determine impact of CRS1 on re-hospitalization,
morbidity, mortality, and health-related quality of life. Kaplan Meier analysis was used to assess survival
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distribution between the two groups and Cox regression analysis was used to estimate hazard ratio
(HR). A p-value of less than 0.05 was considered significant.

3.0 Results
3.1 Data Distribution

Total AHF patients who presented to the hospital over the 10 months period was 162, out of which 13
patients were excluded, and 149 patients met the inclusion criteria. Two patients (1.3%) of the 149
patients lost to follow up before 30 days. Patients who developed CRS1 either at presentation, day 2 or
day 7 of admission account for 47.7% of the total population.

3.2 Impact of CRS1 on Duration of Admission and
Outcome on Acute Heart Failure

The mean duration of hospitalization of patients with CRS1 was significantly longer than those without
CRS1 (10.52+5.23 vs 6.21 + 2.67 days, p < 0.001) using independent sample T-test. Patients with CRS1
showed increased mortality compared to those without CRS1 at admission (15.5% vs 1.3%, p =0.012)
and day 30 (29.6% vs 6.4%, p < 0.001) from multinomial logistic regression analysis as shown in Table 1.

Kaplan Meier analysis shows statistically significant survival distribution between the two groups. Log
rank test with p-value < 0.001 in Table 2 indicates that there is statistically significant difference between
the two survival curves in Fig. 2. This means that patients without CRS1 have significant higher
cumulative survival probability over 30 days.

Cox regression analysis was used to estimate the hazard ratio (HR) as shown in Table 3. This implies
that patients with CRS1 have 5.958 times increased risk of mortality at 30 days when compared to
patients without CRS1.
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Table 1
Duration of admission and Outcome of Study Subjects

Parameters Total Subjects CRS1 Non-CRS1  p-value
Duration of admission (days) 8.26+4.62 10.52+523 6.21+2.67 <0.001*
Admission outcome 12 (8.1) 11 (15.5) 1(1.3) 0.012*
Died

Day 30 outcome 26 (17.4) 21 (29.6) 5(6.4) <0.001*
Died 6 (4.0) 3(4.2) 3(3.8) 0.629
Re-hospitalization 2 (1.3) 1(1.4) 1(1.3) 0.776
Missing

*Statistically significant

Table 2
Kaplan Meier Analysis Showing Survival distribution

Chi-square  Df p-value
Log rank (Mantel-Cox) 13.675 1 <0.001

* Statistically significant

Table 3

Cox regression table showing hazard ratio for
mortality

p-value HR 95% ClI

CRS1 0.001* 5.958 2.026-17.523
* Statistically significant

HR- Hazard ratio, CI- Confidence interval
3.2 Impact of CRS1 on Health-related Quality of Life in AHF

CRS1 shows statistically significant poor impact on clinical outcome and overall health-related quality of
life as compared to patients without CRS1 at day 30 using Kansas City Cardiomyopathy Questionnaire-
12 (KCCQ-12) score as analysed using independent sample T-test and multinomial logistic regression
analysis as presented in Tables 3.4 and 3.5 respectively.
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Table 4
KCCQ Scores

Domains Mean Total Subject scores Mean CRS1 Mean non-CRS1 p-value
scores scores
Symptoms 84.58 +15.33 77.87 £16.96 89.01+12.38 <
frequency 0.001*
Physical 67.46 +£18.16 57.02 +20.66 74.37 £12.22 <
limitation 0.001*
Social limitation 67.49 +21.17 58.36 + 24.64 73.52+16.04 <
0.001*
Quality of life 64.17 £20.91 56.17 £23.17 69.46 +17.52 <
0.001*
Clinical Summary  75.57+15.68 67.45+17.36 80.95+11.80 <
0.001*
Overall Summary 70.98 +16.60 62.40+19.13 76.69+11.70 <
0.001*
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Table 5
KCCQ Domain Scores

Domains
Symptoms frequency
Very poor to poor
Poor to fair

Fair to Good
Good to Excellent
Physical limitation
Very poor to poor
Poor to fair

Fair to Good
Good to Excellent
Social limitation
Very poor to poor
Poor to fair

Fair to Good
Good to Excellent
Quality of life
Very poor to poor
Poor to fair

Fair to Good
Good to Excellent
Clinical Summary
Very poor to poor
Poor to fair

Fair to Good
Good to Excellent
Overall Summary

Very poor to poor
*Statistically significant

Total Subjects (%)
0(0)

5(4.2)

17 (14.4)

96 (81.4)

5 (4.2)

14 (11.9)
43 (36.4)
56 (47.5)

8 (6.8)

16 (13.6)
28 (23.7)
66 (55.9)

6(5.1)

22 (18.6)
33 (28.0)
57 (48.3)

6 (5.1)
9 (7.6)
32 (27.1)
71 (60.2)

6 (5.1)
15 (12.7)

CRST (%)
0 (0)

4 (8.5)
10 (21.3)
33(70.2)

4 (8.5)
12 (25.5)
22 (46.8)
9 (19.1)

5(10.6)

13 (27.7)
13 (27.7)
16 (34.0)

4 (8.5)

13 (27.7)
17 (36.2)
13 (27.7)

4 (8.5)

6 (12.8)
20 (42.6)
17 (36.1)

4 (8.5)
11 (23.4)

Non-CRS1 (%)

0(0)
1(1.5)
7(9.9)
63 (88.7)

3(1.4)
2 (2.8)
21 (29.6)
47 (66.2)

3(4.2)
3(4.2)
15 (21.1)
50 (70.4)

2 (2.8)
9(12.7)
16 (22.5)
44 (62.0)

2 (2.8)
3(4.2)
12 (16.9)
54 (76.1)

2 (2.8)
4 (5.6)

p-value
0.074
0.062

Reference

0.010*
<0.001*
<0.001*

Reference

0.035*
<0.001*
0.036*

Reference

0.038*
0.003*
0.005*

Reference

0.042*
0.015*
<0.001*

Reference

0.023*
<0.001*
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Domains Total Subjects (%) CRS1(%) Non-CRS1 (%) p-value
Poor to fair 36 (30.5) 20 (42.6) 16(22.5) <0.001*

Fair to Good 61 (51.7) 12 (25.5 49 (69.0) Reference

Good to Excellent

*Statistically significant

4.0 Discussion

This study revealed that AKl is a common finding in about 47.7% of patients with acute heart failure in
sub-Saharan Africa, especially Nigeria. In agreement with previous studies 22730, patients with CRS1 had
significantly longer hospital stay (10.52 + 5.23 vs 6.21 + 2.67 days), higher mortality in-hospital (15.5% vs
1.3%) and at 30 days (29.6% vs 6.4%) with evidence of lower survival rate as early as less than 5 days of
admission among patients with CRS1. It was also found that patients with CRS1 have about six times
increased risk of mortality at 30 days. This is because CRS1 results in more severe complications,
including worsening fluid overload, liver failure and respiratory failure that increase the risk of mortality.
Late presentation to hospital among patients in this study could have also contributed to higher
mortality rate. This has important implications to both quality of life and health costs. However,
Mahmoud et al.®" did not find statistically significant relationship in duration of hospital stay between
CRS1 and non-CRS1 patients. This may be due to small prevalence of CRS1 in the study and exclusion of
half of the patients recruited on account of lack of follow up creatinine levels. There was no significant
relationship between CRS1 and re-hospitalization within 30 days. This could be due to short duration of

follow up. Mahmoud et al.3" also found no statistically significant relationship between worsening kidney

function in AHF and rehospitalization to day 60. However, in a retrospective study by J-J Chen et al.?>,
there is a higher risk of re-hospitalization among patients with CRS1 within 90 days from admission. This
could be attributed to a longer period of follow up.

Evidence from this study has shown that CRS1 is an independent predictor of poor clinical outcome,
social limitation, poor quality of life and poor overall health-related quality of life within 30 days among
patients admitted for AHF. This finding adds to the growing evidence that CRS1 is associated with worse
prognosis contributed by increased congestion and reduced renal perfusion.’® Overall, the impact of
CRS1 on quality of life is profound, driven by severe symptoms, high morbidity risk, the substantial
physical, social and emotional challenges associated with managing a complex condition. This has
adverse impact on economic productivity of the society and increase burden on the limited resources.
This finding aligns with previous finding.'*

However, despite findings from this study showed that cardiorenal syndrome type 1 is associated with
increased mortality both in-hospital and within 30 days, biopsy was not performed to establish the cause
of death.
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5.0 Conclusion

This study demonstrated that CRS1 is associated with longer hospital stay, increased in-hospital and day
30 mortality among AHF patients with about six times increased risk of mortality. It is also a predictor of
poor clinical outcome and poor overall health-related quality of life within 30 days in AHF. However, it is
not associated with re-hospitalization within 30 days among AHF patients. This study provided an
understanding of the magnitude of morbidity, mortality and poor health-related quality of life associated
with CRS1.
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Figure 1

Flow chart of sample recruitment

AHF- Acute heart failure, CKD- Chronic kidney disease, CRS1- Patients with cardiorenal syndrome type 1,
Non-CRS1- Patients without cardiorenal syndrome type 1.
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Survival Functions
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Figure 2

Kaplan Meier Survival Curve showing less cumulative survival rate in patients with CRS1
Yes- Patients with CRS1

No- Patients without CRST

Yes-censored- Patients with CRS1 who are alive at day 30

No-censored — Patients without CRST1who are alive at day 30
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