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The Relationship between the MAGGIC Score and
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Background: The Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC) is a scoring system that is easy to
use in outpatient clinics or at the bedside, and was developed to predict the survival of heart failure patients after
hospitalization.

Objectives: This study aims to evaluate the relationship between the MAGGIC score and cardiorenal syndrome
(CRS) in patients with acute decompensated heart failure with reduced ejection fraction (HFrEF).

Methods: This retrospective, single-center study, included 706 patients with New York Heart Association Il-IV who
were hospitalized and discharged for acute decompensated heart failure between 2016 and 2021. CRS type 1 was
defined as acute worsening of cardiac function leading to renal dysfunction. Patients were divided into two groups:
those with CRS and those without. The MAGGIC score of all patients was determined. The primary outcome was
the occurrence of CRS.

Results: CRS developed in 132 patients. The MAGGIC score was higher in CRS (+) patients compared to CRS (-) patients
(30.70 £ 8.09 vs. 23.96 £ 5.59, p < 0.001). After a multivariable analysis, MAGGIC score [odds ratio (OR): 3.92, p < 0.001],
sodium (OR: 0.92, p = 0.003), N terminal pro B type natriuretic peptide (OR: 1.78, p = 0.009), hs troponin (OR: 1.28, p =
0.044), MRA (OR: 0.61, p =0.019) and furosemide dose (OR: 1.03, p =0.001) were found to be independent predictors of

CRS development. The MAGGIC score was associated with CRS development (area under curve = 0.778).
Conclusions: The MAGGIC score may be associated with CRS in HFrEF patients.
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INTRODUCTION
Heart failure (HF) is one of the leading health prob-
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lems worldwide due to its increasing frequency and
prevalence. Patients with HF often present with other
organ dysfunction, and primary disease in either the
heart or kidney often causes dysfunction in other or-
gans.' Cardiorenal syndrome (CRS) type 1 is defined as
the progression of renal dysfunction secondary to acute
decompensated heart failure.? CRS is seen in one third
of patients with acute decompensated heart failure and
is associated with a poor prognosis.s’4

Predictive scoring models such as the Seattle Heart
Failure Model, the Heart Failure Survival Score, and the
Meta-Analysis Global Group in Chronic Heart Failure
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Abbreviations

ACE-I Angiotensin-converting enzyme inhibitor

AKI Acute kidney injury

ARB Angiotensin-receptor blockers

BMI Body mass index

cl Confidence interval

CRP C-reactive protein

CRS Cardiorenal syndrome

DM Diabetes mellitus

EF Ejection fraction

HF Heart failure

HFrEF Heart failure with reduced ejection fraction

hs High sensitive

HT Hypertension

LVEF Left ventricular ejection fraction

MAGGIC Meta-Analysis Global Group in Chronic Heart
Failure

MRA Mineralocorticoid receptor antagonist

NT pro-BNP  N-terminal pro-brain natural peptide

NYHA New York Heart Association

OR Odds ratio

PASP Pulmonary artery systolic pressure

SBP Systolic blood pressure

SD Standard deviation

(MAGGIC) score are widely used to predict mortality in
HF patients and determine the best approach.’ The
MAGGIC score is the most commonly used of these
scoring systems, and it has been shown to be able to
predict all-cause death in patients with both preserved
and reduced left ventricular ejection fraction.® As the
development of CRS in patients with heart failure is as-
sociated with a poor prognosis, it is important to detect
patients with the potential to develop CRS at an early
stage.” To the best of our knowledge, there are no stud-
ies on the predictive ability of the MAGGIC scoring sys-
tem for the development of CRS in HF patients. There-
fore, the aim of this study was to evaluate the relation-
ship between the MAGGIC score and CRS in patients
with acute decompensated heart failure with reduced
ejection fraction (HFrEF).

METHODS

This retrospective, single-center study included 706
patients with New York Heart Association (NYHA) II-IV who
were hospitalized and discharged for acute decompens-

ated heart failure between 2016 and 2021. We enrolled
patients with reduced left ventricular ejection fraction [left
ventricular ejection fraction (LVEF) < 40%]. Patients with
the following characteristic were excluded: < 18 years of
age, presence of active malignant diseases, septic shock,
multi-organ failure, severe comorbidities with the poten-
tial to impact the prognosis, pregnancy, implanted ventri-
cular-assist devices, and recent onset heart failure due to
acute coronary syndrome. We also excluded patients who
died during the hospitalization due to worsening HF and
those with missing data making calculation of the MAGGIC
score impossible. The patients were divided into two
groups: those with CRS and those without (Figure 1). The
study was approved by the local Ethical Committee.

Clinical variables, laboratory test panels, electrocar-
diography recordings, and echocardiography reports of
the patients were obtained from medical records filed
during hospitalization. Data regarding demographics
(age, sex, and ethnicity), medical history (ischemic heart
disease, diabetes mellitus, hypertension and atrial fibril-
lation), current medical treatment, and NYHA functional
class were collected from patient files. The dose of furo-
semide was taken as the average of the intravenous dose
administered for the first three days during hospitaliza-
tion. The eGFR level of all patients was calculated ac-
cording to the Cockcroft-Gault formula. Treatment of pa-
tients with acute decompensated heart failure was ar-
ranged according to current guidelines. MAGGIC risk
scores of all participating patients were calculated ac-
cording to baseline data from the initial hospitalization
for acute decompensated heart failure.

Transthoracic echocardiography examinations were
performed using a Philips Epig 7 echocardiography de-
vice X5-1 transthoracic probe (Philips Epig7; Philips
Healthcare, Inc., Andover, MA, USA). The standard eva-
luation included M-mode, 2-dimensional, and Doppler
studies according to the recommendations of the Ame-
rican Society of Echocardiography.® LVEF was calculated
using Simpson’s method by manually drawing the endo-
cardial boundaries from apical four-chamber views from
the diastole and end systole images on all sections from
the apex to the basal.’

Definitions
HFrEF was defined as heart failure symptoms and

signs along with a LVEF of less than 40%."° The NYHA
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965 Hospitalized acute decompensated heart
failure patients screened in medical record system

259 Cases excluded

-No available medical information / follow-up
-Heart failure with preserved ejection fraction
»| -Patients who died during the hospitalization
-Recent onset heart failure due to ACS
-Septic shock, multi-organ failure

-Severe comorbidities

\

706 heart failure patients (NYHA II-IV) with reduced
EF hospitalized for acute decompensation were

included

&
Patients with
CRS
(132 patients)

Figure 1.
tion.

functional classification of heart failure was based on
the symptoms of the patients and the amount of exer-
tion they could manage without provocation of those
symptoms. CRS is divided into 5 subgroups:'* 1) acute
CRS (Type 1): an acute worsening of cardiac function
leading to renal dysfunction; 2) chronic CRS (Type 2):
chronic abnormalities in cardiac function leading to re-
nal dysfunction; 3) acute reno-cardiac syndrome (Type
3): acute worsening of renal function causing cardiac
dysfunction; 4) chronic reno-cardiac syndrome (Type 4):
chronic abnormalities in renal function leading to car-
diac disease; 5) secondary CRS (Type 5): systemic condi-
tions causing simultaneous dysfunction of the heart and
kidneys. Only patients with CRS type 1 were included in
this study. Acute kidney injury (AKI) was defined accord-
ing to the KDIGO criteria as an increase in serum creat-
inine of 0.3 mg/dL within 48 h or an increase in serum
creatinine by > 50% within seven days."> Based on whe-
ther or not AKI occurred during hospitalization, the pa-
tients were divided into CRS-1 and no-CRS-1 groups.

The MAGGIC score (www.heartfailurerisk.org, ac-
cessed on 11 January 2021) was calculated according to
the final model by Pocock et al. and included the follow-
ing 13 independent predictors of mortality: age, sex, EF,
NYHA class, body mass index, serum creatinine, systolic
blood pressure, time since HF diagnosis, diabetes, cur-
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Patients
without CRS
(574 patients)

Flowchart of the study. ACS, acute coronary syndrome; CRS, cardiorenal syndrome; EF, ejection fraction; NYHA, New York Heart Associa-

rent smoking, chronic obstructive pulmonary disease,
and current therapy with beta-blockers, ACE inhibitors
and angiotensin receptor blockers.®

The primary outcome of this study was the occur-
rence of CRS. The MAGGIC score of all patients was de-
termined, and during follow-up, the patients who devel-
oped CRS were identified.

Statistical analysis

All statistical tests were conducted using the Statis-
tical Package for the Social Sciences 25.0 for Windows
(SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov
test was used to analyze normality of the data. Continu-
ous data are expressed as mean * standard deviation
(SD), and categorical data are expressed as percentages.
A chi-square test was used to assess differences in cate-
gorical variables between groups. The Student’s t-test or
Mann-Whitney U test was used to compare unpaired
samples as needed. Univariate and multivariate logistic
regression analyses were used to identify independent
variables associated with CRS. After performing univa-
riate analysis, statistically significant variables were se-
lected into the multivariate logistic regression analysis
with the stepwise method. The results of univariate and
multivariate regression analyses were presented as odds
ratio (OR) with 95% confidence interval (Cl). Receiver
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operating characteristic (ROC) curves were obtained,
and the optimal values with the greatest total sensitivity
and specificity in the prediction of CRS were determined.
The MAGGIC score, high sensitive (hs) troponin, N-ter-
minal pro-brain natural peptide (NT pro-BNP) and furo-
semide dose parameters in the ROC curve analysis were
included in the binary logistic regression analysis. A
combined model, which was created with the obtained
probability value and CRS development predictors (MAG-
GIC score, hs troponin, and furosemide dose), was ana-

lyzed using ROC curves. Significance was assumed at a
2-sided p < 0.05.

RESULTS

The clinical and demographic characteristics of the
706 patients with HFrEF included in the study are shown
in Table 1. CRS developed in 132 patients (CRS+). Thirty-
six of the 132 (26.5%) patients in the CRS (+) group were

Table 1. Baseline characteristics and outcomes of the CRS (+) and CRS (-) patients in study group

Parameters CRS (+) (N=132) CRS (-) (N=574) p value
Age (years) 64.4+11.1 63.9+11.7 0.630
Female, n (%) 35 (26.5) 193 (33.6) 0.113
Systolic blood pressure (mmHg) 116.1+22.2 123.2+22.5 0.001
BMI (kg/m?) 29.2+6.9 27.9+49 0.010
NYHA class 3.2+0.6 2.8+£0.6 <0.001
Medical history, n (%)
Hypertension 68 (51.5) 342 (59.6) 0.090
Diabetes mellitus 69 (52.5) 227 (39.5) 0.008
Ischaemic heart disease 83 (62.9) 359 (62.5) 0.940
Atrial fibrillation 30(22.7) 113 (19.7) 0.431
Laboratory findings
Creatinine (mg/dl) 1.8+1.3 1.2+0.5 <0.001
Hemoglobin (g/dl) 11.4+1.6 124123 <0.001
Sodium (mmol/l) 133.4+5.6 137.1+4.7 <0.001
Potassium (mmol/l) 4.4+0.7 43+0.6 0.100
Glucose (mg/dl) 129.8 +54.9 138.3+67.4 0.170
Albumin (g/dl) 3.4+0.5 3.5+0.6 0.007
CRP (mg/1) 36.8+51.7 26.8 +40.6 0.010
NT pro-BNP (pg/ml) 864 (244-1765) 704 (183-1734) 0.056
hs troponin (ng/l) 60 (12-200) 12 (6-31) <0.001
eGFR (ml/min) 45.1 +25.9 65.8+42.4 <0.001
Echocardiographic findings
Ejection fraction (%) 24.4+6.4 27.8+6.0 <0.001
Left atrial diameter (mm) 46.7+7.9 448+7.7 0.010
PASP (mmHg) 493 +13.3 43.8+13.8 0.001
Treatment
Beta-blocker, n (%) 100 (75.8) 450 (78.4) 0.510
ACE-I/ARB, n (%) 70 (53) 441 (76.8) <0.001
MRA, n (%) 58 (43.9) 164 (28.6) 0.001
Digoxin, n (%) 20 (15.2) 124 (21.6) 0.090
Statin, n (%) 52 (39.4) 296 (51.6) 0.015
Dopamine, n (%) 77 (58.3) 87 (15.2) <0.001
Anticoagulant, n (%) 47 (35.6) 180 (31.4) 0.340
Furosemide dose* (mg/day) 298.9+179.0 211.4+126.5 <0.001
Outcomes
Maggic score 30.7+8.0 23.9+55 <0.001
Length of stay (days) 229+15.8 149+94 <0.001

* The average of the dose given intravenously for the first 3 days.
ACE-l, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blockers; BMI, body mass index; CRS, cardiorenal
syndrome; CRP, C-reactive protein; hs troponin, high sensitive troponin; eGFR, estimated Glomerular filtration rate; MRA,

mineralocorticoid receptor antagonist; NT pro-BNP, N-terminal pro-brain natural peptide; NYHA, New York Heart Association; PASP,
pulmonary artery systolic pressure.
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female, while 193 of 574 (33.6%) patients in the CRS (-)
group were female, and there was no statistically signifi-
cant difference (p = 0.11). Systolic blood pressure was
lower in the CRS (+) group than in the CRS (-) group (p =
0.001). BMI (p = 0.01) and NYHA class (p < 0.001) were
higher in the CRS (+) group than in the CRS (-) group.
There were no significant differences between the groups
in terms of the frequency of chronic diseases such as hy-
pertension (HT), atrial fibrillation, and ischemic heart
disease. However, diabetes mellitus (DM) was higher in
the CRS (+) group than in the CRS (-) group (p = 0.008).
When the groups were compared in terms of laboratory
tests, the CRS (+) patients had lower serum hemoglobin,
sodium and albumin levels, and higher creatinine and
C-reactive protein (CRP) levels compared to the CRS (-)
patients. There were no significant differences in serum
potassium and glucose levels between the groups. There
was no significant difference in serum NT pro-BNP level
between the groups (p = 0.056). Hs troponin levels were
higher in the patients who developed CRS than in those
who did not (p < 0.001). While EF (p < 0.001) was lower
in the CRS (+) patients compared to the CRS (-) patients,
left atrial diameter (p = 0.01) and PASP (p = 0.001) were
higher. The use of mineralocorticoid receptor antago-
nists (MRAs) (p = 0.001), dopamine (p < 0.001), and
furosemide (p < 0.001) was higher in the CRS (+) pa-

tients compared to the CRS (-) patients. ACEi/ARB (p <
0.001) and statin (p < 0.001) use was lower in the CRS
(+) patients compared to the CRS (-) patients. There were
no significant differences between the groups in the use
of beta-blockers, digoxin, and oral anticoagulants.

The MAGGIC score was higher in the CRS (+) pati-
ents compared to the CRS (-) patients (30.7 + 8.0 vs.
23.9 £ 5.5, p < 0.001). The length of hospital stay was
longer in the CRS (+) patients compared to the CRS (-)
patients (22.9 + 15.8 vs. 14.9+ 9.4, p < 0.001).

Logistic regression was carried out using univariate
and multivariate analyses to predict the occurrence of
CRS in the included HFrEF patients. MAGGIC score, he-
moglobin, HT, sodium, CRP, albumin, PASPs, furosemide
dose, NT pro-BNP, hs troponin, MRA, dopamine and sta-
tin use were evaluated in univariate analysis. The multi-
variate analysis included MAGGIC score, hemoglobin,
sodium, CRP, albumin, PASPs, furosemide dose, NT pro-
BNP, hs troponin, MRA, dopamine and statin use, which
were statistically significant in the univariate analysis.
MAGGIC score (OR: 3.92, p < 0.001), sodium (OR: 0.92, p
= 0.003), NT pro-BNP (OR: 1.78, p = 0.009), hs troponin
(OR: 1.28, p = 0.044), MRA use (OR: 0.61, p = 0.019),
and furosemide dose (OR: 1.03, p = 0.001), were deter-
mined to be independent predictors of CRS develop-
ment (Table 2).

Table 2. Univariate and multivariate logistic regression analyzes to identify independent predictors of CRS development in HFrEF

patients
Univariate Multivariate

Variable

OR 95% ClI p value OR 95% ClI p value
MAGGIC score 2.23 1.68-3.79 <0.001 3.92 1.98-7.84 <0.001
Hemoglobin 0.80 0.73-0.88 <0.001 0.96 0.83-1.11 0.633
HT 0.72 0.49-1.05 0.090
Sodium 0.87 0.84-0.90 <0.001 0.92 0.87-0.97 0.003
CRP 1.03 1.01-1.05 0.010 1.00 0.99-1.00 0.942
Albumin 0.66 0.49-0.89 0.008 0.55 0.34-0.99 0.019
PASP (mmHg) 1.02 1.01-1.04 0.001 1.01 0.99-1.04 0.107
Furosemide dose 1.03 1.02-1.05 <0.001 1.03 1.01-1.05 0.001
Dopamine 0.87 0.660-0.992 <0.001 0.90 0.79-1.87 0.088
hs troponin 1.32 1.05-1.78 0.032 1.28 1.04-1.56 0.044
NT pro-BNP 1.89 1.23-2.78 0.001 1.78 1.20-2.57 0.009
MRA 0.61 0.44-0.75 0.001 0.76 0.62-0.87 0.019
Statin 0.61 0.41-0.89 0.012 1.02 0.52-1.99 0.940

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blockers; Cl, confidence interval; CRP, C-reactive
protein; CRS, cardiorenal syndrome; DM, diabetes mellitus; HT, hypertension; hs troponin, high sensitive troponin; LVEF, left
ventricular ejection fraction; MAGGIC, Meta-Analysis Global Group in Chronic Heart Failure; MRA, mineralocorticoid receptor

antagonis; NT pro-BNP, N-terminal pro-brain natural peptide; NYHA, New York Heart Association; OR, odds ratio; PASP, pulmonary

artery systolic pressure; SBP, systolic blood pressure.
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The specificity and sensitivity of the MAGGIC score,
hs troponin, NT pro-BNP and furosemide dose to predict
the development of CRS were evaluated by ROC analy-
sis. The area under the curve (AUC) for MAGGIC score
was 0.778 (0.736-0.821, p < 0.001). The MAGGIC score
was determined to have a cutoff value of 27.5 with 70%
sensitivity and 73% specificity. In addition, the AUCs for
hs troponin (cutoff 21.8 ng/ml, sensitivity 70%, specific-
ity 70%), NT pro-BNP (cutoff 811 pg/ml, sensitivity 53%,
specificity 53%), and furosemide dose (cutoff 230 mg,
sensitivity 66%, specificity 60%) were 0.712 (0.661-
0.763, p < 0.001), 0.550 (0.495-0.605, p = 0.076), and
0.648 (0.591-0.704, p < 0.001), respectively (Figure 2).
ROC analysis was then performed to assess all the com-
bined predictors (MAGGIC score, hstroponin, and furo-
semide dose) in a single model (Figure 3). The AUC of
this model was 0.812 (0.760-844), with 73% sensitivity
and 72% specificity.

DISCUSSION

The aim of this study was to evaluate the relation-
ship between the MAGGIC score and CRS in patients
with acute decompensated heart failure with reduced
ejection fraction. The main results were as follows: i)
the MAGGIC score was higher in the CRS (+) group com-
pared to the CRS (-) group (30.70 + 8.09 vs. 23.96 *
5.59, p < 0.001); ii) the MAGGIC score (OR: 3.92, p <
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Figure 2. The ROC curves for Meta-Analysis Global Group in Chronic

Heart Failure (MAGGIC) score, high sensitive (hs) troponin, N-terminal
pro-brain natural peptide (NT pro-BNP) and furosemide dose.

0.001), sodium (OR: 0.92, p = 0.003), NT pro-BNP (OR:
1.78, p = 0.009), hs troponin (OR: 1.28, p = 0.044), MRA
use (OR: 0.61, p = 0.019) and furosemide dose (OR: 1.03,
p = 0.001) were independent predictors of CRS develop-
ment; and iii) in ROC analysis, the MAGGIC score was
determined to have a cutoff value of 27.5 with 70% sen-
sitivity and 73% specificity.

CRS is a common clinical condition in patients with
heart failure and it is associated with a poor prognosis.
Many studies have revealed the negative impact of kid-
ney disease on mortality in patients with heart failure.
Kidney function measurements are a component of many
heart failure risk classification scores.”” Several risk
models have been developed, although only some are
currently used in clinical practice. In a recent study, the
MAGGIC risk score was found to have the highest accu-
racy in predicting mortality in general HF patients when
compared to other prognostic risk scores.” Although
the MAGGIC score is mainly used as a prognostic predic-
tor in patients with heart failure, it has been used for
different purposes in many studies to evaluate progno-
sis after valve surgery, risk of death in patients with ICD,
and hospitalization before ablation."’

In the past decade, several clinical risk scores for

ROC Curve
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02| /
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Figure 3. ROC analysis with a single model created with all of the
combine data [Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) score, high sensitive (hs) troponin and furosemide dose].
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predicting the occurrence of AKI in patients with AHF or
AMI, as well as in patients after cardiac surgery or coro-
nary angiography, have been published.'® However, there
is currently no standardized risk score.

In a study by Forman et al., 27% of 1004 hospital-
ized HF patients developed AKI. DM, creatinine > 1.5
mg/dl and systolic BP > 160 mmHg were found to be in-
dependent predictors of AKI."® Wang et al. developed a
clinical risk score to predict the development of AKI in
1709 Chinese patients hospitalized for acute HF. This
scoring system included parameters such as age (> 70
years), SBP < 90 mmHg, serum sodium < 130 mmol/L,
NYHA class 4, > 3 admissions for AHF, proteinuria, serum
creatinine > 104 umol/L, and IV furosemide dose > 80
mg/day.20 In 2015, Cheng et al. performed an external
validation of Forman’s risk score using the same 1709
patients, and the results were similar.” In 2011, in a
study by Breidthardt et al. involving 657 patients ad-
mitted to the emergency department with acute HF, the
Forman risk score was confirmed, and AKI developed in
136 (21%) patients. In their study, the presence of ch-
ronic kidney disease was found to be an independent
predictor of AKI.” Palazzuoli et al. examined the role of
biomarkers in the development of CRS in 2014, and the
prevalence of CRS was found to be high in patients with
high natriuretic peptide and troponin levels.”* In a pro-
spective study conducted in China by Zhou et al. in 2016,
the data of 507 patients were examined and AKI oc-
curred in 33% of them. The authors developed a clinical
scoring system to identify patients at high risk of devel-
oping AKI. This risk model included five clinical factors
(age, gender, CKD history, serum albumin level, and NT-
proBNP) and two urinary biomarkers, urinary angioten-
sinogen and urinary NGAL, both of which were found to
be predictors of AKI. The risk model obtained in the study
showed high discriminatory power (optimism-corrected
¢ statistic of 0.859).”> Their study was the first clinical
scoring system to be derived and validated for the early
prediction of AKI in patients with acute decompensated
HF, including clinical risk factors and AKI biomarkers. In
our study, the MAGGIC score was found to be an inde-
pendent predictor of CRS development in HF patients
(OR: 2.75, p < 0.001), and the MAGGIC score could pre-
dict the development of CRS with a cutoff value of 27.5
with 79% sensitivity and 70% specificity.

Many mechanisms have been proposed for the de-

Acta Cardiol Sin 2023;39:610-618

velopment of CRS in HF patients. Renal hypoperfusion
develops due to the decrease in arterial filling pressure.
High intra-abdominal pressures in patients with acute HF
may contribute to renal dysfunction by causing renal com-
pression and decreased perfusion. In addition, the renin-
angiotensin aldosterone system is activated due to cen-
tral nervous system stimulation in these patients. As a re-
sult of all these pathways, renal vasoconstriction and hy-
poperfusion occur. Depending on the decrease in renal
blood flow, a decrease in glomerular filtration rate is ob-
served. As a result, necrosis and apoptosis develop in renal
cells. In addition, due to oxidative stress and inflammation
occurring in HF patients, cytokine release, mitochondrial
dysfunction, and endothelial dysfunction may occur, and
AKI may develop directly.B‘25 Likewise, studies have shown
that the parameters that make up the MAGGIC score in-
crease the risk of developing CRS.”**’
we showed that the MAGGIC scoring system, whose prog-
nostic importance is known in HF patients, could predict
the development of CRS in this patient group.

Our study has some limitations. First, the study was
retrospective and conducted at a single center. Due to the
retrospective design, casual relationships are unknown.
Second, biomarkers with proven prognostic importance
such as troponin and BNP were not measured. Third, we
lacked follow-up data such as post-discharge death and
rehospitalization. Fourth, patients with HFrEF were in-
cluded in the study but those with HFpEF were excluded.

In the present study,

CONCLUSIONS

In conclusion, the MAGGIC score may be associated
with the development of CRS in HFrEF patients. Advanced
HF complicated by CRS is difficult to manage, and irre-
versible renal failure limits the patient’s candidacy for
advanced HF treatments such as transplant or left ven-
tricular assist device therapy. Therefore, it is important
to detect the development of CRS early in HF patients.
Studies in which the MAGGIC score is combined with
biomarkers proven to be associated with CRS are needed.
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