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Abstract
Background.

Prognostic assessment after starting hemodialysis is challenging, with mortality in the first
year estimated to be 15%. Clark et al. developed the Recovery and Death Outcome risk
score, which accurately predicted the likelihood of renal recovery to dialysis independence
and of death within 1 year after in-hospital dialysis initiation, respectively. We aimed to
validate the Death Outcome risk score to predict one-year mortality after dialysis start in our
population.

Methods.

Retrospective analysis of hospitalized patients starting hemodialysis in a tertiary-care
hospital from January 1st, 2016, to December 31st, 2019. All-cause mortality risk one year
after discharge was calculated according to the ReDO Death score. Patients were classified
into death outcome risk groups and Cox regression was used to determine if the risk score
was predictive of one-year mortality. The discriminatory ability for the ReDO Death score to
predict mortality was determined using the receiver operating characteristic (ROC) curve.
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Results.

369 patients were included, mostly male (59.9%), with mean age 71.1 + 14.3 years and
median Charlson score 7+3. The one-year mortality rate was 22.2%. The ReDO Death score
accurately predicted the one-year risk of mortality, with an area under the ROC of 0.741,
[95% CI (0.687-0.794), p<0.001]. The optimal REDO Death risk cut-off was >30%, with a
hazard ratio of 6.57 [95% Cl (3.48-12.2), p<0.001] for one-year mortality risk (sensitivity
78.0% and specificity 60.6%).

Conclusion.

We validated the ReDO Death score for 1-year mortality prediction after starting
hemodialysis during hospitalization in a Portuguese population. This score can be used as a
tool to inform goals-of-care discussion at the time of transition to out-of-hospital care.

Keywords: chronic kidney disease, death, hemodialysis, mortality, prognosis
Introduction

The prevalence of kidney disease has reached alarming levels globally, with 850 million
people affected, as highlighted by statements from the American Society of Nephrology,
European Renal Association, and International Society of Nephrology.! Chronic kidney
disease (CKD) has a global prevalence of around 9.1% to 13%, underscoring the urgent need
for effective management strategies.'3 In Portugal, CKD prevalence is notably high at 20.9%,

double the global average.*

Nearly 4 million individuals worldwide are undergoing kidney replacement therapy (KRT),
with hemodialysis (HD) standing out as the leading modality.> In Portugal, of the 2705
patients starting KRT in 2022, 82.7% opted for HD.® Incident hemodialysis patients face a
limitation of life expectancy of 5 to 10 years, with major causes of mortality including
infection and cardiovascular disease.” Furthermore, the mortality rate within the first year of
starting HD is around 15.2%.2 To accurately interpret this, consideration must be given to the
baseline characteristics of patients at HD start, as these significantly impact treatment
outcomes and mortality rates. Prognosis assessment after starting HD is challenging and risk
prediction scores can be useful in planning treatment.

In 2023, Clark et al. developed a risk prediction model to effectively assess the one-year
likelihood of kidney recovery and mortality in patients starting HD.® This was a population-
based registry study with a derivation and an external validation cohort of patients starting

HD during hospitalization from which they were discharged to continue outpatient HD. The
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risk model is available as an online tool and considers variables such as age, Charlson
comorbidities index, cancer, length of hospital admission, intensive care status, discharge
disposition, prehospital admission estimated glomerular filtration rate (eGFR), and random

urine albumin-to-creatinine ratio, which are routinely available at discharge.

Given the notable number of incident HD patients in Portugal, there is a critical need for a
mortality risk predictor. Such a tool is essential for optimizing therapeutic interventions and

refining management strategies in this specific patient population.

Acknowledging the potential variability in the accuracy of prediction models across diverse
populations, our study aims to validate the Death Outcome Risk Score in a Portuguese

cohort.

Materials and Methods

This study is a retrospective analysis of patients who initiated hemodialysis during
hospitalization in Unidade Local de Saude Santa Maria (ULS-SM) in Lisbon, Portugal. The
Ethical Committee approved of this study, in agreement with institutional guidelines.
Informed consent was waived, given the retrospective and non-interventional nature of the

study.

Participants

We selected as eligible all adult patients (218 years of age) who initiated hemodialysis during
hospitalization from January 1st of 2016 to December 31st of 2019 and were discharged to
outpatient dialysis. Patients were excluded as follows: patients who died before hospital
discharge, patients who did not continue dialysis after discharge from hospital, patients who
died within one week after hospital discharge, patients with previous kidney replacement
therapy, patients without previous laboratory assessment of serum creatinine, and patients

lost to follow-up.

Variables, definitions, and outcomes
Data was obtained from individual electronic clinical records. We collected the following
variables: demographic characteristics (age, gender, race); comorbidities [CKD, diabetes

mellitus, hypertension, ischemic cardiomyopathy, heart failure, chronic obstructive
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pulmonary disease (COPD), cerebrovascular disease, dementia, chronic liver disease, and
active malignancy (diagnosed within the previous 5 years)]; baseline creatinine (SCr);
baseline urine albumin-to-creatinine ratio (ACR); laboratory at hemodialysis start
[hemoglobin, serum albumin, SCr, estimated glomerular filtration rate (eGFR)]; time from
admission to hemodialysis start; time from hemodialysis start to discharge; discharge status
(independent, home care, nursing home).

Presence of CKD was defined as an eGFR lower than 60ml/min/1.73m2.2°The estimated
glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) creatinine equation.1? Baseline SCr was considered
as the most recent outpatient value 7-365 days before hospitalization. For the remanining
comorbidities indication on clinical records of previous diagnosis was considered sufficient.
Comorbidity burden was quantified using the Charlson score. 1314

The risk of death within one year of discharge was calculated according to the ReDO score
with the online tool available at: https://gxmd.com/calculate/calculator_874.°

We evaluated all-cause mortality within one year of hospital discharge.

Statistical methods

Categorical variables were described as the absolute and relative frequency of each
category. Continuous variables were described as the mean * standard deviation. To
determine if variables were normally distributed, the Kolmogorov-Smirnov normality test
was used. Continuous variables were compared using Student’s t-test, whereas categorical
variables were compared using Chi-square test.

We classified patients into death outcome risk groups according to the ReDO predictive
score. Cox regression method was used to determine if the risk score was predictive of
mortality within the first year after discharge. The discriminatory ability for the ReDO score
to predict mortality was determined using the receiver operating characteristic (auROC)
curve. A cut-off value was defined as that with the highest validity by determining the
Youden point. Calibration was tested by the Hosmer—Lemeshow test.

Kaplan Meier survival analysis was performed to estimate the survival during the first year of

hemodialysis according to the ReDO score.
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Data were conveyed as hazard ratios (HR) with 95% confidence intervals (Cl). Statistical
significance was established as a p-value lower than 0.05. Statistical analysis was achieved

using the statistical software package SPSS for Windows (version 21.0).

Results

Our study focused on a cohort of 369 patients with a mean age of 71.1 + 14.3 years. The
majority were male (59.9%, n=221) and 87% were Caucasian (n=321). Baseline
characteristics are described in Table 1.

Eighty six percent of patients had hypertension (n=319), 73.3% had CKD (n=272) and 55.8%
were followed in nephrology consults, 46.1% had diabetes mellitus (n=170) and 43.6% had
heart failure (n=161). Twenty percent (n=74) of patients had been diagnosed with
malignancy in the 5 years prior to this study. Median Charlson score of this population was 7
t3.

Mean baseline SCr was 3.7 + 1.5 mg/dL, eGFR was 28 + 21.8 ml/min/1.73 m? and urine ACR
was 387.6 + 1324.2 mg/g. Mean time from baseline data collection to hemodialysis initiation
was 123.1 £ 101.2 days. Concerning laboratory at hemodialysis start, mean hemoglobin was
9.4 +1.7g/dL, albumin was 3.3 + 0.6 g/dL, creatinine was 6.3 (3.01) mg/dL with an eGFR of
8.2 +4.4 mL/min/1.73 m2.

The time from admission to dialysis start was 5.1 £ 8.9 days and from the start of dialysis to
hospital discharge 16.3 + 17.4 days. Most patients started hemodialysis with a central
venous catheter (78.6%, n=290). Dialysis was started in the Intensive Care Unit in 14 patients
(3.8%).

At discharge all patients were on hemodialysis and 65% were independent (n=240), 22% had
home care (n=81), and 13% were discharged to a nursing home (n=48).

The mortality rate within one year after discharge was 22.2% (n=82). Patients who died
within the first year after hemodialysis start were older (79.448.7 vs 68.7+14.7 years,
p<0.001), had a lower prevalence of hypertension (79.3 vs 88.5%, p=0.031), and a higher
median Charlson score (842 vs 743, p<0.001), with more prevalence of heart failure (59.8 vs
39.0%, p=0.001), ischemic cardiomyopathy (36.6 vs 23.0%, p=0.013) and dementia (11.0 vs
4.9%, p=0.044). These patients also had significantly lower serum albumin (3.1+0.6 vs
3.4+0.6 g/dL, p<0.001), a longer time from dialysis start to discharge, and were more

frequently discharged to home care or nursing home (p<0.001).
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The one-year death outcome (DO) risk of the cohort was 29.7+14.0%, and it was significantly
higher in the subgroup of patients who died (38.8 £ 10.3 vs 27.1 £ 13.9%, p<0.001).
Concerning the DO risk, patients were divided in four groups, from lowest score or
probability of death to highest, from D1 to D4, as shown in Table 2. Thirty percent of
patients were D1 (n=112), 21.7% were D2 (n=80), 19.2% were D3 (n=71) and 28.7% were D4
(n=106). The one-year survival was significantly lower in patients with the highest probability
of death (D4=61.3% vs D3=67.6% vs D2=81.3% vs D4=97.3%, p<0.001) - Figure 1. The Kaplan-
Meier plot for death of each DO group is displayed in Figure 2.

Patients in D4 were older (p<0.001), had a higher median Charlson score (p<0.001), higher
prevalence of active malignancy (p<0.001), longer time from dialysis start to discharge
(p<0.001), and were more often discharged with home care or to a nursing home (p<0.001)
(Table 3).

The ReDO Death score accurately predicted the one-year risk of mortality, with a hazard
ratio of 1.2 [95% Cl (1.15-1.31), p<0.001]. The Hosmer—Lemeshow test indicated good fit of
this model (p=0.167).

The ReDO Death score predicted the one-year risk of mortality with an auROC of 0.741, [95%
Cl (0.687-0.794), p<0.001] (Figure 2), with a sensitivity of 78.9% and specificity of 60.6%
(Table 4). The optimal ReDO Death risk cut-off was >30%, with a hazard ratio of 6.57 [95% ClI
(3.48-12.2), p<0.001] for one year risk of death.

Mortality was significantly higher in older patients (HR 1.1 [95% CI (1.05-1.11), p<0.001]),
Caucasians (HR 2.7 [95% CI (1.04—7.09), p=0.042]), patients with heart failure (HR 2.3 [95% Cl
(1.40-3.83), p=0.001]), patients with ischemic cardiomyopathy (HR 1.9 [95% CI (1.14-3.27),
p=0.014]) and higher Charlson score (HR 1.3 [95% CI (1.13—-1.39), p<0.001]). Hypertension
was associated with lower risk of death (HR 0.49 [95% CI (0.26—0.95), p=0.034]), and so were
higher albumin levels at hemodialysis start (HR 0.4 [95% CI (0.27-0.66), p<0.001]).

On a multivariate analysis, older age (adjusted HR 1.08 [95% CI (1.05-1.12), p<0.001]) was
the only significant predictor of one-year mortality. Hypertension (adjusted HR 0.29 [95% ClI
(0.13-0.62), p=0.001]) and higher albumin levels (adjusted HR 0.46 [95% CI (0.28-0.75),

p=0.002]) were protective factors for one-year mortality.

Discussion
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In this cohort of patients who initiated hemodialysis during hospitalization, the mortality
rate within one year of discharge was 22.2% and the ReDO Death score accurately predicted
the one-year risk of mortality. We also identified that a ReDO Death risk >30% was a

significant risk predictor for one-year mortality.

Data from the United States Renal Data System shows that although mortality in the first
year after dialysis initiation has been decreasing, it remains high (217.3 per 1,000 person-
years), with over half being due to cardiovascular disease.'® The ERA Registry Annual Report
2021 demonstrated a one-year survival of 87%, corresponding to a 13% mortality rate,

which is lower than what we found in our cohort, but still significant.®

As such, it is important to assess patients’ prognosis after hemodialysis start. This is
fundamental to tailoring medical care, facilitating shared decision-making, and providing
appropriate support and resources. In this setting of significant early mortality risk,
understanding and managing patient trajectories enables healthcare professionals to deliver
patient-centered care that aligns with the individual needs and goals of each patient while

optimizing resource use.

The original ReDO Score included a derivation and validation cohort of a total of 9160
Canadian patients, which started dialysis during hospitalization and were discharged to
continue outpatient dialysis. The authors created a model to predict kidney recovery to
dialysis independence and death (all-cause mortality) within 1 year of hospital discharge,
generating the ReDO-Kidney Recovery Score and ReDO Death Outcome Score, respectively.
Predictive variables included age, comorbidities, health burden (including the Charlson
score, and new cancer diagnosed in previous 5 years), length of hospital admission, intensive
care status, discharge disposition, prehospital admission eGFR and random urine albumin-to-
creatinine ratio. These are easily attained variables at discharge from hospitalization or at
patient admission in a Dialysis Unit and using the online tool can easily provide useful
information. Compared to the original derivation cohort, our cohort is similar in terms of
age, if slightly older (71.1 years vs. 67 years), and of male preponderance (59.9% vs 62%).
However, our Portuguese cohort had lower prevalence of diabetes (46.1% vs. 67%) and of
heart failure (43.6% vs. 52%), but higher prevalence of active malignancy (20.1% vs. 13%)
and ischemic cardiomyopathy (26% vs. 15%). Median Charlson score was higher in our

cohort than in the derivation cohort (7 vs. 5).
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The ReDO Death Outcome also accounted for a significant interaction between age and
Charlson score, and for a lower predicted probability of death with lower baseline GFR. In
the derivation cohort, the c-statistic of the DO risk score was 0.65 (95% Cl, 0.60 to 0.69) and
although in the validation group model discrimination was modest (c-statistics [95% Cl] 0.66
[0.62 to 0.69]), calibration was good (integrated calibration index [95% Cl] was 4% [2% to
6%] for death). These results were similar in our cohort, in which the DO risk score had an
adequate auROC of 0.741, which corroborates the accuracy of this risk score.

To our knowledge, the ReDO Death Outcome score has not been studied in other
populations. Nevertheless, other studies have looked at predicting early mortality after
dialysis initiation. Thamer et al. presented a comprehensive risk model (auROC=0.72) to
predict all-cause mortality in the first 3 and 6 months after hemodialysis start in patients
aged 67 years or older, that assigned points for age, sex, race, serum creatinine,
hypoalbuminemia, catheter use, Nephrology referral, functional status and comorbidities as
predictors of mortality.'’

We found that patients who died within the first year were significantly older, with more
prevalent comorbidities such as heart failure, ischemic cardiomyopathy, and dementia, and
with a higher median Charlson score.® They were also more frequently discharged to home
care or nursing home settings, had lower serum albumin and longer hospital stays. Indeed,
the fact that the Death Outcome risk score incorporates many of these variables render it
effective in assessing for early mortality after starting hemodialysis.

A systematic review and meta-analysis of validated risk scores predicting death after dialysis
start evaluated 36 studies (of which 31 on hemodialysis and 5 on peritoneal dialysis), and
most studies used prognostic variables such as age and comorbidities; five studies also used
functional status and one evaluated length of hospital stay.'®?° The Charlson comorbidity
index presented the most consistent discrimination performance (auROC =0.74), which is
also included in the DO risk score. In a third of the cases no external validation was
conducted, contrasting with the ReDO Death Score original study.

The ReDO Death Score is a simple tool that can be used at the time of hospital discharge, to
better tailor medical care to the patients’ needs. An individualized care plan should be
discussed with the patient or with their healthcare proxy throughout their entire hospital
stay. And when the discharge date is presumed to be near, the subject should be revisited

and discussed to ensure a smooth transition to out-of-hospital care. The patients’ needs,
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goals and medical trajectory may need to be reassessed, and decisions such as transition of

care to a hemodialysis facility versus best supportive care can be discussed.

When the decision to remain on hemodialysis is made, vascular access planning must also be
considered. In most of our cohort, a catheter was used at the start of hemodialysis. Although
more than half the patients had previous Nephrology follow-up, the lack of functional fistula
or grafts might be in some cases explained by unexpected acute-on-chronic kidney injury,
patient option and/or frailty. The most recent guidelines recognize the complexity of
decisions regarding hemodialysis access, and promote individualized decisions, taking into
account the patient’s foreseeable lifespan, functional status, social support, preferences and
life goals.?! In this regard, the ReDO Death score might be an additional tool in deciding

whether to create a fistula or graft.

As limitations of this study, we recognize its retrospective and single center nature, which
limit the generalization of these results. Secondly, the moderate size of this sample also
limits further data generalization. Thirdly, although there was a high prevalence of prior CKD
in our cohort, we acknowledge that CKD cause was not ascertained which could have
implication on patient mortality (e.g. patients may have been under prior
immunosuppression). Fourthly, mortality causes were not assessed which could also be
important to interpret our results. Additionally, mortality within the first week post-
discharge was excluded due to challenges in accurate ascertainment. During the transition to
outpatient care, patients may not yet be captured in the receiving dialysis clinic's mortality
records. To account for this potential data gap, these cases were excluded from the study
population.

Finally, in contrast to the original study, we did not evaluate kidney function recovery to
hemodialysis independence.

Future research on outcomes in patients initiating hemodialysis may consider comparing the
discriminatory performance of the Charlson Comorbidity Index to the ReDO Death Score.
Nevertheless, our study has several strengths. This is the first study to validate the ReDO
Death Outcome risk score as a prognostic tool in a Portuguese population. The necessary
variables for its application are routinely recorded information, which allow for important
multivariate analysis. In addition, the good discriminatory ability and high sensitivity of this

model suggest that many patients may be identified using this tool.

9
Page 9 of 17



In conclusion, we validated the ReDO Death Outcome risk score for one-year mortality
prediction after hemodialysis start in a Portuguese population. This score should be used as
a tool to inform goals-of-care discussion at the time of transition to out-of-hospital care,
involving the in-hospital nephrology care team, the patient, and, if applicable, the future
care team, as it can enlighten clinical decisions and, in some cases, lead to better end-of-life

planning.

Funding: None to report.

Authors’ contributions: JG was responsible for study conception and design. TP, BT, MC, JAF, CO, SJ
and CR collected the data. TP, BT and JG contributed to data analysis and interpretation and draft
elaboration. JAL, CO, SJ, CR, JAL and JG provided significant intellectual content. All authors
contributed to revision of the manuscript. All authors have approved the final version of the article.

Conflict of interest statement: On behalf of all authors, the corresponding author states that there is
no conflict of interes

Data availability statement: Data in this article cannot be shared on a public repository due to privacy
reasons.

Acknowledgements: We thank all colleagues at Unidade Local de Satude Santa Maria, for their
support and contributions to this study.

10

Page 10 of 17



References:

1. KDIGO 2023 clinical practice guideline for the evaluation and management of chronic
kidney disease - Public review draft. Published online 2023.

2. Glassock RJ, Warnock DG, Delanaye P. The global burden of chronic kidney disease:
estimates, variability and pitfalls. Nat Rev Nephrol. 2017;13(2):104-114.
doi:10.1038/nrneph.2016.163

3. Hill NR, Fatoba ST, Oke JL, et al. Global Prevalence of Chronic Kidney Disease — A
Systematic Review and Meta-Analysis. PLoS One. 2016;11(7):e0158765.
doi:10.1371/journal.pone.0158765

4. Vinhas J, Aires |, Batista C, et al. RENA Study: Cross-Sectional Study to Evaluate CKD
Prevalence in Portugal. Nephron. 2020;144(10):479-487. doi:10.1159/000508678

5. Bello AK, Okpechi IG, Osman MA, et al. Epidemiology of haemodialysis outcomes. Nat Rev
Nephrol. 2022;18(6):378-395. d0i:10.1038/s41581-022-00542-7

6. Gabinete do Registo da Doenca Renal Crénica da Sociedade Portuguesa de Nefrologia.
Portuguese Registry of Kidney Replacement Therapy. [Online Slideshow]. Lisboa. Retrieved
from
Https://Www.Spnefro.Pt/Assets/Relatorios/Tratamento_doenca_terminal/Er2023_registo
.Pdf.; 2022.

7. Mailloux LU, Bellucci AG, Wilkes BM, et al. Mortality in Dialysis Patients: Analysis of the
Causes of Death. American Journal of Kidney Diseases. 1991;18(3):326-335.
do0i:10.1016/50272-6386(12)80091-6

8. de Arriba G, Gutiérrez Avila G, Torres Guinea M, et al. La mortalidad de los pacientes en
hemodialisis esta asociada con su situacion clinica al comienzo del tratamiento.
Nefrologia. 2021;41(4):461-466. doi:10.1016/j.nefro.2020.11.006

9. Clark EG, James MT, Hiremath S, et al. Predictive Models for Kidney Recovery and Death
in Patients Continuing Dialysis as Outpatients after Starting in Hospital. Clinical Journal of
the American Society of Nephrology. 2023;18(7):892-903.
doi:10.2215/CJN.0000000000000173

10. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease. Kidney International Supplments. 2013;3(1).
www.publicationethics.org

11. Levey AS, Stevens LA. Estimating GFR Using the CKD Epidemiology Collaboration
(CKD-EPI) Creatinine Equation: More Accurate GFR Estimates, Lower CKD Prevalence
Estimates, and Better Risk Predictions. American Journal of Kidney Diseases.
2010;55(4):622-627. doi:10.1053/j.ajkd.2010.02.337

12. Levey AS, Stevens LA, Schmid CH, et al. A New Equation to Estimate Glomerular
Filtration Rate. Ann Intern Med. 2009;150(9):604-612.

11

Page 11 of 17



13. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: Development and validation. J Chronic Dis.
1987;40(5):373-383. d0i:10.1016/0021-9681(87)90171-8

14. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity
index. J Clin Epidemiol. 1994;47(11):1245-1251. doi:10.1016/0895-4356(94)90129-5

15. Johansen KL, Chertow GM, Gilbertson DT, et al. US Renal Data System 2021 Annual
Data Report: Epidemiology of Kidney Disease in the United States.

16. Boerstra BA, Boenink R, Astley ME, et al. The ERA Registry Annual Report 2021: a
summary Brittany. Clin Kidney J. Published online 2023.
doi:https://doi.org/10.1093/ckj/sfad281

17. Thamer M, Kaufman JS, Zhang Y, Zhang Q, Cotter DJ, Bang H. Predicting early death
among elderly dialysis patients: Development and validation of a risk score to assist
shared decision making for dialysis initiation. American Journal of Kidney Diseases.
2015;66(6):1024-1032. doi:10.1053/j.ajkd.2015.05.014

18. Alfaadhel TA, Soroka SD, Kiberd BA, Landry D, Moorhouse P, Tennankore KK. Frailty
and Mortality in Dialysis. Clinical Journal of the American Society of Nephrology.
2015;10(5):832-840. doi:10.2215/CIJN.07760814

19. Anderson RT, Cleek H, Pajouhi AS, et al. Prediction of risk of death for patients
starting dialysis: A systematic review and meta-analysis. Clinical Journal of the American
Society of Nephrology. 2019;14(8):1213-1227. do0i:10.2215/CJN.00050119

20. Di lorio B, Cillo N, Cirillo M, De Santo NG. Charlson Comorbidity Index is a Predictor of
Outcomes in Incident Hemodialysis Patients and Correlates with Phase Angle and
Hospitalization. Int J Artif Organs. 2004;27(4):330-336.
doi:10.1177/039139880402700409

21. Lok CE, Huber TS, Lee T, et al. KDOAQI Clinical Practice Guideline for Vascular Access:
2019 Update. American Journal of Kidney Diseases. 2020;75(4):S1-S164.
doi:10.1053/j.ajkd.2019.12.001

12

Page 12 of 17



Table 1- Baseline patient characteristics and according to mortality within the first year.

Characteristics

Mean age (years)
Male, n (%)
Caucasian, n (%)

Comorbid conditions, n (%)
CKD

Diabetes mellitus
Hypertension

Ischemic cardiomyopathy
Heart failure
Cerebrovascular disease
Peripheral arterial disease
Dementia

COPD

Chronic liver disease

Active malignancy in the past

5 years
Lung
Breast
KUB
Myeloma
Other

Previous nephrology
consultation, n (%)

Median Charlson score

Baseline SCr - mg/dL

Baseline eGFR - ml/min/1.73

m2

Baseline urine ACR - mg/g

Laboratory values at
hemodialysis start
Hemoglobin - g/dL

Serum albumin - g/dL
Median SCr (IQR) - mg/dL
eGFR - ml/min/1.73 m?

Time from admission to
dialysis initiation - days
Time from dialysis start to
hospital discharge - days

n =369

71.1+14.3
221 (59.9)
321 (87.0)

272 (73.7)
170 (46.1)
319 (86.4)
96 (26.0)
161 (43.6)
55 (14.9)
56 (15.2)
23(6.2)
43 (11.7)
20 (5.4)

74 (20.1)
2(0.5)
3(0.8)
16 (4.3)
25 (6.8)
28 (7.6)

206 (55.8)

7+3

3.7%+15
28+21.8

387.6+
1324.2

9.4+1.7
3.3+0.6
6.3 (3.01)
82144

51+29

16.3+7.4

Survival in the
first year (n=287)

68.7 £ 14.7
174 (60.6)
244 (85.0)

211 (73.5)
130 (45.3)
254 (88.5)
66 (23.0)
112 (39.0)
40 (13.9)
41 (14.3)
14 (4.9)
31(10.8)
16 (5.6)

52 (18.1)
1(0.3)
3(1.0)
12 (4.2)
18 (6.3)
18 (6.3)

166 (57.8)

7%3

3.8+£1.6
28.3+22.0

412 + 1326

9.3+1.7
34106
6.4 (3.2)
8.0+4.2

49+1.6

15.1+7.3

Death in the
first year (n=82)

79.4+8.7
47 (57.3)
77 (93.9)

61 (74.4)
40 (48.8)
65 (79.3)
30(36.6
49 (59.8
15 (18.3
15 (18.3
9(11.0)
12 (14.6)
4 (4.9)

)
)
)
)

22(26.8)
1(1.2)
0(0)

4 (4.9)

7 (8.5)

10 (12.2)
40 (48.8)

8+2

34+13
28.4+21.2

301 £1322

95+15
3.1£0.6
5.5(2.8)
9.0+4.8

5512

20.4+10.2

p-value

<0.001
0.590
0.350

0.893
0.577
0.031
0.013
0.001
0.329
0.372
0.044
0.340
0.801

0.330

0.145

<0.001

0.085
0.956

0.504

0.345
<0.001
0.256
0.063

0.600

0.015
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Dialysis first performed in ICU, 14 (3.8) 10 (3.5) 4 (4.9) 0.635
n (%)

AV access at hemodialysis 0.250
start, n (%)

Catheter 290 (78.6) 221 (77.0) 69 (84.1)

AV Fistula 74 (20.0) 61 (21.3) 13 (15.9)

AV Graft 5(1.4) 5(1.7) 0(0)

Discharge status, n (%) <0.001
Independent 240 (65.0) 204 (71.1) 36 (43.9)

Home care 81(22.0) 53 (18.5) 28 (34.1)

Nursing home 48 (13.0) 30(10.4) 18 (22.0)

One-year death risk (%) 29.7+14.0 27.1+£13.9 38.8+10.3 <0.001

ACR - albumin-to-creatinine ratio; AV — arterio-venous; CKD — chronic kidney disease; COPD — chronic
obstructive pulmonary disease; eGFR — estimated glomerular filtration rate; ICU — intensive care unit;
IQR — interquartile range; KUB — kidney, ureter and/or bladder; SCr — serum creatinine.

Table 2 - ReDO Death Score and corresponding death outcome risk groups: observed 1-year death
frequency.

ReDO ReDO score- n =369 Mortality 1-year p-value
Groups Death (n=82) survival

<0.001
D1 <14 112 (30.4) 3(3.7) 97.3%
D2 15-17 80 (21.7) 15 (18.3) 81.3%
D3 18-19 71(19.2) 23 (28.0) 67.6%
D4 20+ 106 (28.7) 41 (50.0) 61.3%
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Table 3 - Patient characteristics by death outcome risk group.

Characteristics

Mean age (years)
Male, n (%)

Caucasian, n (%)

Comorbid conditions,
n (%)
CKD

Diabetes mellitus
Hypertension

Ischemic
cardiomyopathy
Heart failure

Cerebrovascular
disease

Peripheral arterial
disease

Dementia

COPD

Chronic liver disease
Active malignancy in
the past 5 years

Previous nephrology
consultation, n (%)
Median Charlson
score (IQR)

Baseline SCr - mg/dL
Baseline eGFR -
ml/min/1.73 m?
Baseline urine ACR -
mg/g

Laboratory values at
hemodialysis start
Hemoglobin - g/dL

Serum albumin - g/dL
Median SCr (IQR) -
mg/dL

n =369

711+
14.3
221
(59.9)
321
(87.0)

272
(73.7)
170
(46.1)
319
(86.4)
96 (26.0)

161
(43.6)
55 (14.9)

56 (15.2)

23 (6.2)
43 (11.7)
20 (5.4)
74(20.1)

206
(55.8)
7 (2-9)

3.7+15
283+
21.8
387.6+
1324.2

9.4+1.7

33+06
6.3
(3.01)

D1
(n=112)

56.8 + 14.2
70 (62.5)

83 (74.1)

83 (74.1)
38(33.9)
97 (86.6)
15 (13.4)
28(25.0)
15 (13.4)

11 (9.8)

68 (60.7)
5(3)
44+138
27.4+23.2

381.2+
1004.5

9.3+15

35+06
4.3(1.8)

D2
(n=80)

73.9+8.2
45 (56.3)

72 (90.0)

61(76.3)
42 (52.5)
69 (86.3)
28 (35.0)
32 (40.0)
11 (13.8)
11 (13.8)
6(7.5)
11 (13.8)
3(3.8)
5(6.3)
50 (62.5)
7 (3)
3.8+1.1

25.5+20.4

745.1 +
2063.2

9.4+1.6

34106
4.0(1.6)

D3
(n=71)

77.4+7.4
40 (56.3)

65 (91.5)

51(71.8)
38 (53.5)
63 (88.7)
20(28.2)
41(57.7)
9(12.7)
14 (19.7)
4 (5.6)
13 (18.3)
4 (5.6)
16 (22.5)
38 (53.5)
8(2)
34+13

29.2+20.9

589+
216.8

9.7+2.2

3.2+0.6
3.5(1.7)

D4
(n =106)

80.0+9.1
66 (62.3)

101 (95.3)

77 (72.6)
52 (49.1)
90 (84.9)
33(31.1)
60 (56.6)
20(18.9)
20(18.9)
11 (10.4)
11 (10.4)
9 (8.5)
48 (45.3)
50 (47.2)
9 (3)
32413

30.8+21.9

344.7
+1293.2

9.2+1.5

3.2+0.7
3.3(1.6)

p-value

<0.001
0.710

<0.001

0.926
0.019
0.911
0.003
<0.001
0.598
0.181
0.067
0.123
0.371
<0.001
0.116
<0.001
<0.001

0.386

0.015

0.229

0.002

0.060
15
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eGFR - ml/min/1.73 8.2+44 7.7+%54 7.8+34 9.4+4.4 8.2+3.6 0.048
m?

Time from admission 51+89 4.1+6.7 3.1+6.8 72+13.0 6.1+84 0.017
to dialysis initiation -
days
Time from dialysis 163+ 9.5+8.0 13.7+144 2131246 22.0+18.2 <0.001
start to hospital 17.4
discharge - days
Dialysis first 14 (3.8) 4(3.8) 0 (0) 4 (5.6) 6 (5.7) 0.218
performed in ICU, n
(%)
AV access at 0.923
hemodialysis start, n
(%)
Catheter 290 84 (75) 63 (78.8) 59 (83.5) 84 (79.2)
(78.6)
AV Fistula 74 (20.0) 26 (23.2) 16 (20.0) 11(15.5)  21(19.8)
AV Graft 5 (1.4) 2(1.8) 1(1.3) 1(1.4) 1(0.9)
Discharge status, n <0.001
(%)
Independent 240 105 (93.8) 56 (70.0) 47 (66.2) 32 (30.2)
(65.0)
Home care 81(22.0) 7(6.3) 17 (21.3) 16 (22.5) 41 (38.7)
Nursing home 48 (13.0) 0(0) 7 (8.8) 8(11.3) 33 (31.1)
One-year Death risk 29.7¢14  12.1+0.7 25.9+1.9 35.2+1.7 47.4 +£2.2 <0.001
(%)
Mortality within 1 82(22.2) 3(2.7) 15(18.8)  23(32.4)  41(38.7)  <0.001

year, n (%)

ACR - albumin-to-creatinine ratio; AV — arterio-venous; CKD — chronic kidney disease; COPD — chronic
obstructive pulmonary disease; eGFR — estimated glomerular filtration rate; ICU — intensive care unit;
IQR — interquartile range; KUB — kidney, ureter and/or bladder; SCr — serum creatinine.

Table 4 - Statistics of the REDO Death Score performance. AUC - area under the curve; Cl -
confidence interval.

Performance measure p-value
AUC (95% Cl) 0.741 (0.687-0.794) <0.001
Sensitivity 78.0%
Specificity 60.6%
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Figure 1. Cumulative probability of death curves according to REDO Death Score Groups. Log-rank
test p<0.001.
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Figure 2. Area under the curve of the REDO risk model for the prediction of death within the first
year (auROC 0.741, p<0.001).
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