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ABSTRACT
Objectives  To identify the clinical risk factors that 
influence in-hospital mortality in elderly patients with 
persistent sepsis-associated acute kidney injury (S-AKI) 
and to establish and validate a nomogram to predict in-
hospital mortality.
Design  Retrospective cohort analysis.
Setting  Data from critically ill patients at a US centre 
between 2008 and 2021 were extracted from the Medical 
Information Mart for Intensive Care (MIMIC)-IV database 
(V.1.0).
Participants  Data from 1519 patients with persistent 
S-AKI were extracted from the MIMIC-IV database.
Primary outcome  All-cause in-hospital death from 
persistent S-AKI.
Results  Multiple logistic regression revealed that gender 
(OR 0.63, 95% CI 0.45–0.88), cancer (2.5, 1.69–3.71), 
respiratory rate (1.06, 1.01–1.12), AKI stage (2.01, 
1.24–3.24), blood urea nitrogen (1.01, 1.01–1.02), 
Glasgow Coma Scale score (0.75, 0.70–0.81), mechanical 
ventilation (1.57, 1.01–2.46) and continuous renal 
replacement therapy within 48 hours (9.97, 3.39–33.9) 
were independent risk factors for mortality from persistent 
S-AKI. The consistency indices of the prediction and 
the validation cohorts were 0.780 (95% CI: 0.75–0.82) 
and 0.80 (95% CI: 0.75–0.85), respectively. The model’s 
calibration plot suggested excellent consistency between 
the predicted and actual probabilities.
Conclusions  This study’s prediction model demonstrated 
good discrimination and calibration abilities to predict in-
hospital mortality of elderly patients with persistent S-AKI, 
although it warrants further external validation to verify its 
accuracy and applicability.

INTRODUCTION
The world’s population is estimated to be 
>7.3 billion. Of this estimate, individuals aged 
≥65 years would constitute approximately 

9% of the population, which is expected to 
expand to 17% by 2050.1 Ageing has been asso-
ciated with a decline in renal functions. Clin-
ical studies have demonstrated that elderly 
patients have a higher risk of acute kidney 
injury (AKI) with a worsening prognosis.2–5 
According to the US Renal Data System 
data from 2018, the in-hospital mortality for 
patients aged >66 years who were hospitalised 
for the first time with AKI was 8.2%, while that 
for inpatients without AKI was only 1.8%. On 
including the patients discharged to a hospice 
in the mortality calculation, the mortality of 
elderly inpatients with AKI and those without 
AKI increased by 13.2% and 3.8%, respec-
tively.6 In addition, the mortality of elderly 
patients with AKI receiving dialysis treatment 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study developed and validated a nomogram for 
predicting in-hospital mortality of elderly patients 
with persistent sepsis-associated acute kidney in-
jury (AKI) in intensive care units.

	⇒ Logistic regression was applied to analyse the clinical 
data, and the predictive models’ diagnostic efficacy was 
assessed using the consistency index, receiver operat-
ing characteristic curve and calibration plots.

	⇒ Multiple imputation was used to handle the covari-
ates with <20% missing to minimise the bias result-
ing from missing values.

	⇒ This investigation solely used serum creatinine 
criteria to define AKI; oliguria may have led to the 
overlooking of some acute renal damage in patients.

	⇒ The model was only internally validated, warranting 
further external validation to verify its accuracy and 
applicability.
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was higher, increasing from 31% to 80%.7 These statistics 
emphasise that elderly patients may encounter significant 
risks during AKI.

The duration of AKI significantly influences an elderly 
patient’s prognosis. According to past studies, persistent 
acute renal damage, rather than transitory acute renal 
injury, is an independent risk factor for in-hospital 
mortality.8–11 In this study, the fatality of geriatric patients 
with persistent AKI was found to be as high as 53.1%, 
while the mortality of transient AKI was only 5.9%. Li et 
al12 conducted a retrospective analysis of elderly patients 
with AKI aged >75 years and found that elderly patients 
with persistent AKI were independently associated with a 
significantly higher 90-day mortality.

Elderly patients with persistent sepsis-associated AKI 
(S-AKI) should therefore be paid special attention to in 
clinical management practices. Early and precise assess-
ment of these patients’ mortality risk would facilitate 
early medical intervention and rational allocation of 
nursing resources, which, in turn, would improve patient 
survival through improved prognosis. The nomogram 
was deemed a robust tool for building a simplistic and 
intuitive prediction model for quantifying the perceived 
risk of clinical events.13 14 In order to investigate the risk 
factors for the poor short-term outcome and to provide a 
reference for the prevention and treatment of geriatric 
patients with persistent S-AKI, we developed a prediction 
model based on this nomogram for predicting in-hospital 
fatality among geriatric patients with persistent S-AKI.

METHODS
Data source and preprocessing
All data used in this study were obtained from the Medical 
Information Mart for Intensive Care IV (MIMIC-IV 
V.1.0) database—a public-access database supported by 

the Department of Medicine at Beth Israel Deaconess 
Medical Center and the Computational Physiology Labo-
ratory at MIT, which included full information of all 
patients admitted to the Beth Israel Deaconess Medical 
Center from 2008 to 2019 (last updated in March 2021).15 
This database is freely accessible to any qualified Phys-
ioNet user. The database consists of details of more than 
500 000 hospital admissions and 70 000 intensive care unit 
(ICU) admissions.

Study population
In this analysis, all patients with S-AKI meeting Sepsis-
3.0 and the Kidney Disease Improving Global Outcomes 
(KDIGO) creatinine criteria were included, in accordance 
with the ICD-9 (The International Statistical Classifica-
tion of Diseases and Related Health Problems 9th Revi-
sion) diagnostic code of the database. The following were 
considered the inclusion criteria: sepsis diagnosed as an 
infection and Sequential Organ Failure Assessment score 
of ≥2.16 The diagnosis of AKI was serum creatinine (Scr) 
≥0.3 mg/dL within 48 hours or Scr ≥50% within 7 days.17 
Patients were excluded from the study if they had the 
following diseases: severe chronic kidney disease (defined 
as glomerular filtration rate <15 mL/min/1.73 m2), preg-
nancy, cardiac arrest, life expectancy <48 hours after the 
admission to the ICU and kidney transplantation.

Clinical variables and definitions
Several variables were extracted from the database, which 
comprised patient demographics, vital signs, medical history, 
laboratory tests and scoring systems. All data were collected 
within 24 hours of admission to the ICU. Other data collected 
included the requirement for mechanical ventilation and 
renal replacement therapy. The outcome measurements 
were the length of stay in the ICU, ICU mortality, the length 
of hospital stay and in-hospital mortality. The mean values of 
laboratory variables within 24 hours of ICU admission were 
used for analyses and included in the predictive model while 
considering that several variables were measured more than 
once. In the case of missing data, multiple imputation was 
employed for missing data on the biochemical parameters. 
For the missing data on height and weight, age and gender 
were used to layer the linear relationship for interpolation. 
For other classification variables, ‘null’ was used as the default 
value.

According to the consensus report of the Acute Dial-
ysis Quality Initiative 16 working group, persistent AKI 
was defined as duration of >48 hours, which meets the 
KDIGO standard.18 Transient AKI is defined as AKI with 
duration of <48 hours.

Statistical analyses
Qualitative variables were displayed by median (IQR) and 
categorical variables by frequency (n) in absolute numbers 
and percentage (%). Mann-Whitney U test, Fisher’s exact 
test or Χ2 test were employed for intergroup comparison, 
as deemed appropriate. First, univariate analyses were 
performed on all variables to determine the statistically 

Figure 1  Study flow chart. AKI, acute kidney injury; ICU; 
intensive care unit; MIMIC-IV, Medical Information Mart for 
Intensive Care IV.
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significant factors affecting mortality. When using the 
logistic regression method for multivariate analyses, only 
variables with significant differences between the groups 
were used. Data were described by OR and CI of 95%, 
and p<0.05 was considered to indicate statistical signifi-
cance. A clinical prediction model for predicting in-hos-
pital mortality of persistent S-AKI was established through 
logistic regression, and the nomogram was evaluated by 
C statistics and operation area under the curve (AUC). 
All statistical analyses were conducted with the R V.4.2.1 
software.

Patient and public involvement
None.

RESULTS
Patient characteristics of the training and validation cohorts
A total of 15 396 patients with sepsis in MIMIC-IV were 
screened sequentially with reference to the inclusion and 

exclusion criteria. A total of 4319 elderly patients with 
S-AKI were assessed, of which 1519 patients met the defi-
nition of persistent AKI and were accordingly assigned 
to either the training cohort (n=1065) or the validation 
cohort (n=454) (figure  1). No statistically significant 
difference was noted between the training and validation 
cohorts (online supplemental table 1).

Predictors and nomogram for in-hospital mortality
Univariate logistic analysis was initially conducted for all 
variables to assess the independent risk factors for in-hos-
pital mortality among geriatric patients with persistent 
S-AKI in the ICU (table 1). Univariately determined signif-
icant values (p<0.05) were then subjected to multiple 
logistic regression analyses, with the results presented 
as OR (95% CI). As presented in table  1, gender (0.63 
(0.45–0.88)), cancer (2.50 (1.69–3.71)), respiratory rate 
(1.06 (1.01–1.12)), AKI stage (2.01 (1.24–3.24)), blood 
urea nitrogen (BUN) (1.01 (1.01–1.02)), Glasgow Coma 

Table 1  Analysis of the risk factors for in-hospital mortality in the training cohort (univariate and multivariate logistic 
regression analyses)

Variables

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Gender 0.73 (0.55–0.96) 0.02 0.63 (0.45–0.88) 0.008

Chronic heart disease 2.14 (1.46–3.13) <0.001

Cancer 2.17 (1.54–3.06) <0.001 2.50 (1.69–3.71) <0.001

Heart rate 1.02 (1.01–1.03) <0.001

Respiratory rate 1.11 (1.07–1.15) <0.001 1.06 (1.01–1.12) 0.013

SBP 0.98 (0.97–0.99) 0.001

MAP 0.98 (0.97–1.00) 0.02

SpO2 0.90 (0.84–0.96) <0.001

Basal creatinine level 1.13 (1.02–1.24) 0.02

Creatinine 1.14 (1.05–1.24) <0.001

Creatinine_48 hours 1.08 (1.00–1.16) 0.04

AKI KDIGO stage 1.79 (1.19–2.68) 0.01 2.01 (1.24–3.24) 0.004

Creatinine_24 hours 1.08 (1.00–1.17) 0.04

BUN 1.01 (1.01–1.02) <0.001 1.01 (1.01–1.02) 0.001

Lactate 1.22 (1.14–1.31) <0.001

pH 0.04 (0.01–0.23) <0.001

SOFA score 1.07 (1.01–1.13) 0.02

GCS score 0.77 (0.72–0.82) <0.001 0.75 (0.70–0.81) <0.001

Dopamine use 2.09 (1.11–3.94) 0.02

Norepinephrine use 2.24 (1.69–2.99) 0.001

Mechanical ventilation 1.48 (1.05–2.08) 0.02 1.57 (1.01–2.46) 0.047

CRRT within 48 hours 19.8 (8.23–47.66) <0.001 9.97 (3.39–33.9) <0.001

Length of ICU stay 1.03 (1.01–1.05) <0.001

AKI, acute kidney injury; BUN, blood urea nitrogen; CRRT, continuous renal replacement therapy; GCS, Glasgow Coma Scale; ICU, intensive 
care unit; KDIGO, Kidney Disease Improving Global Outcomes; MAP, mean arterial pressure; pH, potential of hydrogen; SBP, systolic blood 
pressure; SOFA, Sequential Organ Failure Assessment; SpO2, peripheral oxygen saturation.
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Scale (GCS) score (0.75 (0.70–0.81)), mechanical venti-
lation (1.57 (1.01–2.46)) and continuous renal replace-
ment therapy (CRRT) within 48 hours (9.97 (3.39–33.9)) 
were independently correlated with in-hospital death. 
Finally, we created a nomogram including the previously 
published predictive variables to predict the incidence 
of in-hospital death among geriatric individuals with 
persistent S-AKI (figure 2).

Evaluation and validation of the nomogram
The consistency indices for the training and validation 
cohorts were applied for assessing the probability of 
in-hospital mortality for elderly patients with persistent 
S-AKI of 0.78 (95% CI: 0.75–0.81) and 0.80 (95% CI: 
0.75–0.85), respectively. In the training cohort, the AUC 
of the nomogram predicting the in-hospital risk of death 
was 0.78 (95% CI: 0.75–0.82) (figure 3A) in the training 
cohort and 0.82 (95% CI: 0.77–0.87) in the validation 
cohort (figure 3B). The calibration curve indicated that 
the nomogram model’s predicted results were in excel-
lent accordance with the actual observations (figure 4).

DISCUSSION
Based on the current findings, obtained through both 
univariate and multivariate regression analyses, the risks of 
in-hospital death among geriatric patients with persistent 
S-AKI were associated with gender, AKI stage, BUN, GCS 
score, cancer, respiratory rate, CRRT within 48 hours 
and mechanical ventilation. In addition, we developed a 
nomogram to predict the near-term outcomes in patients 
with persistent S-AKI, and it performed well on both the 
training and external validation datasets. This is the first 
research to develop and validate an in-hospital mortality 
risk prediction model for geriatric patients with persistent 
S-AKI that allows a simple, but relatively accurate risk-
identifying tool for early detection and response.

Clinical research demonstrated that geriatric individ-
uals were more likely to develop AKI and demonstrated 
a poorer prognosis following an episode of AKI.2–5 Sepsis 

and prolonged AKI duration significantly increased all-
cause mortality in elderly patients during hospitalisa-
tion.12 19 20 Geriatric individuals with persistent S-AKI had 
a significantly higher frequency of in-hospital mortality 
and ICU mortality when compared with patients with AKI 
with shorter duration of renal impairment or without 
sepsis.11 20 Emphasising sepsis management or renal 
support therapy alone does not significantly reduce 
mortality in elderly patients with persistent S-AKI.21 
Therefore, we focused on elderly patients with persistent 
S-AKI, analysed the risk factors correlated with in-hos-
pital mortality in this segment of patients and devel-
oped a nomogram to predict persistent S-AKI, which 
has the potential to improve the short-term outcomes of 
persistent S-AKI.

The present results demonstrated that the severity 
of AKI is a significant risk factor for increased all-cause 
mortality in geriatric individuals with persistent S-AKI 
(OR=2.01). Our study is supported by data from past 
studies suggesting that the overall in-hospital mortality 
rate without AKI was only 0.6%, while that in patients 
with AKI was significantly higher; the higher the stage of 
AKI, the greater the mortality rate (5.3% for stage I AKI, 
13.4% for stage III AKI and 35.4% for stage III AKI).22 23 

Figure 2  Nomogram for predicting in-hospital death of 
patients with persistent sepsis-associated AKI. AKI, acute 
kidney injury; BUN, blood urea nitrogen; CRRT, continuous 
renal replacement therapy; GCS, Glasgow Coma Scale.

Figure 3  ROC of nomogram in training cohort (A) and 
validation cohort (B). AUC, area under the curve; ROC, 
receiver operating characteristic.
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Therefore, the near-term prognosis of elderly patients 
with persistent S-AKI may be assessed and predicted in 
clinical practice based on the stage of AKI.

The metric GCS score is commonly used to evaluate the 
degree of consciousness in patients with sepsis.24 A previous 
meta-analysis revealed that patients with AKI following trauma 
often exhibited low GCS scores.25 In addition, a correlation 
was noted between the GCS scores and in-hospital mortality 
in elderly patients with sepsis.26 A higher GCS score was also 
recorded as a risk factor for in-hospital mortality in elderly 
patients with persistent S-AKI.

The role of gender in kidney diseases remains a topic 
of widespread interest. Gender differences in chronic 
disease and mortality persist with population-based studies, 
suggesting that women have a higher overall prevalence 
of chronic kidney diseases.27–29 However, men are twice as 
likely as women to develop kidney cancer, with a higher 
mortality rate.30 In addition, exogenous hormone therapy 
has been associated with an increase in the incidence of AKI 
in patients with prostate cancer.31 Although our study only 
included patients with acute diseases, our findings implied 
that sex-related effects may play a role in the clinical course 
of S-AKI, which must be considered clinically.

Indeed, the risk of AKI increases in the first year 
following cancer diagnosis among elderly patients with 
cancer; this composite harms their survival, with a signif-
icant increase in their potential mortality rate.32 Past 
studies have demonstrated that BUN predicts both short-
term and long-term mortality independently of the Scr 
levels.33 Pre-dialysis BUN levels predicted 60-day mortality 
in individuals with severe AKI requiring dialysis.34 We 
found that the BUN levels acted as an independent 
predictor of short-term mortality.

In our study, mechanical ventilation and CRRT within 
48 hours acted as independent predictors of in-hospital 
mortality in older adults with S-AKI. In a recent meta-
analysis, van den Akker et al recorded an association 
between invasive mechanical ventilation and a three-
fold higher risk of AKI.35 Clinical studies have demon-
strated that hypoxaemia, hypercapnia, high positive 
end-expiratory pressure values and high tidal volume 
are the risk predictors for AKI in people on mechanical 
ventilation.35 Past evidence indicates that mechanical 
ventilation is related to the incidence rate, risk factors, 
all-cause mortality and renal prognosis of AKI in elderly 
patients.36 37CRRT is an important treatment modality for 
AKI in critically ill patients, with an increasing number 
of patients having received CRRT.38 39 In recent studies, 
CRRT has been reported to significantly increase all-
cause death rates.38 39

Finally, the in-hospital mortality prediction model 
proposed in this report displayed good discriminative 
power in training and external test sets. Owing to its 
simplicity, it lends itself well to generalisation and appli-
cation in clinical care and treatment. This study, however, 
has some limitations. First, we only internally verified the 
model, and the result warrants external confirmation. 
Second, because this investigation solely used Scr criteria 
to define AKI, oliguria may have led to overlooking some 
acute renal damage in patients. Third, the current study 
may have missed some potential risk factors, such as the 
Renal Resistance Index and new biomarkers of CCL14. 
Thus, the prediction model requires further clinical data 
for assessment as well as external validation to verify its 
accuracy and applicability.

CONCLUSION
Our study showed that CRRT within 48 hours, mechan-
ical ventilation, cancer, respiratory rate, gender, AKI 
stage, BUN and GCS score acted as independent predic-
tors of in-hospital mortality among elderly patients with 
persistent S-AKI. We also showed that the resulting nomo-
gram had good predictive performance, although it 
warrants further external validation to verify its accuracy 
and applicability.
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Differences between the training cohort and the validation cohort in terms of demographic characteristics and laboratory values

Variable Validation cohort Training cohort p.overall

N=454 N=1065

Age (years) 76.0 [71.0;82.0] 76.0 [71.0;83.0] 0.736

Male (n%) 261 (57.5%) 615 (57.7%) 0.971

Weight, kg 78.0 [67.8;93.1] 80.0 [67.7;95.1] 0.540

Height, cm 168 [163;175] 168 [160;175] 0.940

Comorbidities, n%

Hypertension 188 (41.4%) 434 (40.8%) 0.856

Diabetes 178 (39.2%) 447 (42.0%) 0.344

Chronic heart disease 61 (13.4%) 130 (12.2%) 0.564

Cerebrovascular disease 68 (15.0%) 168 (15.8%) 0.753

COPD 29 (6.39%) 100 (9.39%) 0.069

Chronic kidney disease 210 (46.3%) 505 (47.4%) 0.719

Cancer 73 (16.1%) 173 (16.2%) 0.997

Source of infection, n%

Lung 146 (32.2%) 341 (32.0%) 1.000

Urine 110 (24.2%) 278 (26.1%) 0.482

Blood 190 (41.9%) 427 (40.1%) 0.561

Other(n) 8 (1.76%) 19 (1.78%) 1.000

Vital signs

Heart rate, bpm 84.5 [74.9;94.7] 82.9 [74.1;94.0] 0.336

Respiratory rate, bpm 19.2 [17.0;22.1] 19.2 [17.1;22.2] 0.979

Temperature, ℃ 36.8 [36.5;37.1] 36.7 [36.5;37.0] 0.07

Map, mmHg 74.0 [68.0;80.0] 73.2 [68.5;79.8] 0.667
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SpO2 97.3 [95.6;98.6] 97.3 [95.8;98.6] 0.398

Basal creatinine level, mg/dL 1.35 [0.90;2.40] 1.40 [0.90;2.30] 0.980

Creatinine, mg/dL 1.80 [1.30;3.00] 1.90 [1.30;2.90] 0.829

AKI KIDGO stage 0.766

1 354 (78.0%) 812 (76.2%)

2 49 (10.8%) 124 (11.6%)

3 51 (11.2%) 129 (12.1%)

Creatinine_48 h 2.10 [1.30;3.60] 2.20 [1.50;3.60] 0.383

Laboratory results within 24 h

Creatinine, mg/dL 2.00 [1.20;3.50] 2.10 [1.30;3.30] 0.480

BUN, mg/dL 29.0 [19.0;49.5] 29.5 [20.0;48.0] 0.621

Lactate, mmol/L 1.90 [1.35;2.90] 1.85 [1.35;2.85] 0.933

PH 7.37 [7.32;7.42] 7.37 [7.32;7.42] 0.700

Hematocrit, g/dL 30.8 [27.4;35.7] 31.1 [27.1;35.5] 0.731

Hemoglobin, g/dL 10.2 [9.00;11.8] 10.2 [8.95;11.8] 0.647

Platelets, ×10^9 172 [124;230] 174 [124;246] 0.580

WBC, ×10^9 12.3 [8.42;16.4] 12.2 [8.75;16.5] 0.872

Albumin, g/dL 3.00 [2.60;3.50] 3.00 [2.60;3.50] 0.595

Sodium, mmol/L 138 [136;141] 138 [135;140] 0.291

Potassium, mmol/L 4.35 [3.95;4.80] 4.30 [3.95;4.75] 0.687

Interventions, n%

Furosemide use 97 (21.4%) 235 (22.1%) 0.815

Dopamine use 29 (6.39%) 42 (3.94%) 0.053

Norepinephrine use 151 (33.3%) 345 (32.4%) 0.788

Mechvent use (n%) 343 (75.6%) 799 (75.0%) 0.879

CRRT use within 48hours 17 (3.74%) 41 (3.85%) 1.000

Score
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COPD, chronic obstructive pulmonary disease; Map, mean arterial pressure; SpO2, peripheral oxygen saturation; AKI, acute

kidney injury; KIDGO, Kidney Disease Improving Global Outcomes; BUN, Blood Urea Nitrogen; PH, potential of hydrogen; WBC,

white blood cell; CRRT, continual renal replacement therapy; SOFA, sequential organ failure assessment; GCS, Glasgow Coma

Scale; APSIII, Acute Physiology Score III; ICU, Intensive Care Unit.

SOFA score 4.00 [2.00;5.00] 4.00 [2.00;5.00] 0.899

GCS score 15.0 [14.0;15.0] 15.0 [14.0;15.0] 0.515

APSIII score 64.0 [48.0;85.0] 65.0 [48.0;86.0] 0.718

Outcomes

Length of ICU Stay, days 5.38 [3.00;10.3] 5.43 [2.86;10.4] 0.979

Length of Hospital Stay, days 12.8 [8.09;20.2] 13.2 [8.61;21.6] 0.381

ICU mortality (n%) 89 (19.6%) 174 (16.3%) 0.143

Hospital mortality (n%) 115 (25.3%) 268 (25.2%) 0.997
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