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Abstract

Introduction Acute Kidney Injury (AKI) is increasingly common in people over 65 years of age, but its causes and manage-
ment are poorly described. The purpose of this study was to describe the causes, management and prognosis of patients over
65 hospitalised for severe acute kidney injury (AKI) in all departments of a tertiary centre.

Method The prospective IRACIBLE (IRA: AKI in French; CIBLE: target in French) cohort included 480 patients hospi-
talised at a university hospital over 18 months for severe AKI or subgroup of AKIN3 (Acute Kidney Injury Network clas-
sification) defined by an acute creatinine increase > 354 pmol/L or managed with acute renal replacement therapy (RRT).
The history, aetiology of AKI, management, and prognosis were compared in three age groups: <65, 65-75, and > 75 years.
Results The study population included 480 subjects (73% men) with a median body mass index (BMI) of 26.6 kg/m?
[23.3, 30.9], 176 (37%) diabetic patients, 124 (26%) patients < 65 years, 150 (31%) 6575 years and 206 (43%) > 75 years.
Increasing age class was associated with more comorbidities, a significantly lower median estimated glomerular filtration
rate (¢GFR) 6 months before inclusion (82; 62; 46 ml/min/1.73 m?, p <0.05) and aetiology of AKI, which was more often
obstructive (12%; 15%; 23%, p=0.03) or part of a cardio-renal syndrome (6%; 9%; /15%, p=0.04). Older patients were less
often managed in the intensive care unit (54%; 47%; 24%, p<0.0001), were less frequently treated by RRT (52%; 43%; 31%,
p<0.001) and received fewer invasive treatments (6%; 9%; 22%, p <0.0001). Older survivors returned home less often
(80%; 73%; 62%, p=0.05) in favour of transfers to rehabilitation services (10%; 13%; 22%) with higher mortality at 3 months
(35%; 32%; 50%, p<0.0001).

Conclusion Older patients hospitalised for severe AKI have a specific profile with more comorbidities, lower baseline renal
function, an aetiology of AKI of mainly extra-parenchymal causes and a complex pathway of care with an overall poor
prognosis.
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Graphical abstract

Specificity of severe AKI etiology and care in the elderly. IRACIBLE prospective cohort study.
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Older patients hospitalized for severe AKI have a specific profile with more comorbidities, lower baseline renal

function, an etiology of AKI of mainly extra-parenchymal causes and a complex care pathway with a poor prognosis.
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Introduction

Acute Kidney Injury (AKI) is a syndrome characterized by
a rapid reduction in renal function resulting in decreased
clearance of toxins, water and electrolytes. According to the
2012 KDIGO (Kidney Disease: Improving Global Outcome)
guidelines [1] it is defined by a change in creatinine and diu-
resis over a period of time with a prognostic classification
in several stages of increasing severity in terms of morbi-
mortality and costs [2, 3].

This pathology is increasingly common in the general
population and particularly in older patients, as shown
by several epidemiological studies throughout the world,
whether for AKI requiring renal replacement therapy (RRT)
[4-6] or not [7, 8].

The aetiologies of AKI are numerous and differ accord-
ing to populations, regions and the country’s economic
level [9]. They are usually classified as pre-renal (including
hypovolemia, cardio-renal and hepato-renal syndromes),
renal (including tubular necrosis and vascular, glomerular
or interstitial causes), and post-renal (bladder or bi-ureteral
obstruction) [10]. The aetiologies of AKI have mainly been
described in Intensive Care Units (ICUs) where the princi-
pal causes are primarily related to septic, hypovolemic, or
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cardiogenic shock, to a lesser extent to drugs or toxic causes
(in particular antibiotics and iodinated contrast agents), to
obstructive causes and, even more rarely, to primary renal
diseases and hepato-renal syndromes [11-13].

Increasing age is associated with an increase in frailty,
defined as a decrease in physiological reserves exposing
patients to a greater frequency of organ decompensation for
moderate stresses, including AKI [14—-17]. The increased
risk of AKI in the elderly is thought to be due to various fac-
tors, some not modifiable such as the decrease in Glomerular
Filtration Rate (GFR) associated with renal ageing [18-20],
or the increase in the prevalence of comorbidities associ-
ated with the risk of AKI (diabetes mellitus, cardiovascular
disease) [11, 21, 22], and others that are modifiable, such
as polypharmacy [23, 24], exposure to nephrotoxic drugs
[25-27], trauma [28, 29] or major surgery [30].

Although several studies have shown that the aetiologies
of AKI in older patients are similar to those in the general
population [31-33] there are some specificities such as the
greater prevalence of drug and iatrogenic [27, 34-36] or
obstructive causes [33, 37]. Finally, although the evidence
of excess mortality in elderly patients with AKI compared
to younger patients is not clear [38, 39], their prognosis is
reported to be worse: poorer renal recovery when dialysis is
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required [40], increased risk of rehospitalisation [35, 41] and
progression towards Chronic Kidney Disease (CKD) [42] or
End-Stage Renal Disease (ESRD) [43].

The management of subjects with AKI has been studied
and codified in the general population (1) but, so far, older
patients with severe AKI have only been the subject of a few
studies, mostly carried out in ICUs, thus including younger
patients than in other hospitalisation sectors [44].

In this context, we compared the aetiology, care, and out-
come of old patients (65-75) and very old patients (>75)
against non-old patients (< 65), in a population of adults
hospitalised for severe AKI in all departments of a university
hospital.

Patients and methods
Study population

All adults (> 18 years) presenting severe AKI at or after
admission to our university hospital from August 2016 to
December 2017 were eligible. They were prospectively
screened by physicians in the ICU, nephrologists in the
nephrology department, and biochemistry laboratory results
for the whole hospital. Inclusion criteria were severe AKI,
defined by 2 of the 3 criteria for KDIGO stage 3 AKI, i.e. an
acute increase in serum creatinine (SCr) above 354 pmol/L
or acute indication for RRT, but not a 3-fold increase in SCr
within 7 days with SCr below 354 pmol/L. Patients were
divided into 3 age groups: under 65, 65-75 years, and over
75 years of age. The threshold of 65 years was retained as
the international definition of older patients [15, 19, 32, 40,
45-47] and 75 years as the threshold defined for hospitalisa-
tion in geriatrics in France [48, 49].

Exclusion criteria were: Chronic Kidney Disease KDIGO
stage 5, kidney transplant, planned dialysis for bilateral

surgical nephrectomy, patients under curatorship/guardi-
anship, refusal to participate and absence of health insur-
ance. The exhaustiveness of inclusions during the study
period was regularly verified by the biochemistry depart-
ment, which sent information about all patients with SCr
above 354 pmol/L. Patients requiring RRT for AKI were
also screened weekly by the investigators throughout the
study period.
The study flow chart is reported in Fig. 1.

Information
Patient characteristics

The following information was recorded at inclusion: age,
sex, height, weight, body mass index [BMI], and pre-
specified chronic illnesses (coronary heart disease, treated
hypertension, heart failure, cardiac arrhythmia, cerebrovas-
cular disease, peripheral vascular disease, chronic obstruc-
tive pulmonary disease or asthma, non-invasive ventilation
except for supplemental oxygen, diabetes mellitus, chronic
liver dysfunction, solid organ malignancies, and haemopa-
thy). Comorbidities were defined according to the glossary
of terms used for the REIN registry [50]. Charlson comor-
bidity score was calculated at inclusion. The presence of a
consultation by a nephrologist and estimated GFR (eGFR)
at least 6 months before inclusion were also recorded. In the
absence of information on kidney function before hospitali-
sation, the GFR was estimated at a value of 75 mL/min/1.73
m?, as recommended [1].

The following laboratory values were recorded: SCr
(enzymatic method), urea, potassium, and bicarbonate.
Acute kidney injury cause was defined according to standard
nephrology definitions [10] and the clinical context, as sug-
gested by Kellum and Prowle [12]. The various causes con-
sidered were pre-renal kidney injury with a clinical context

Fig. 1 Flowchart. CKD chronic
kidney disease
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of real hypovolemia and rapid reversibility of AKI after fluid
administration; obstructive kidney failure with documented
urinary tract obstruction; and intrinsic kidney injury includ-
ing acute tubular necrosis (ATN), glomerulopathy, vascular
or acute interstitial nephritis, as assessed by a nephrologist
based on medical history, clinical presentation, kidney imag-
ing and urine analysis. Acute tubular necrosis was diagnosed
in cases of sustained renal ischaemia, direct drug-induced
tubular injury, rhabdomyolysis, cast nephropathy, or per-
sistent AKI more than 72 h after hemodynamic correction.
Acute kidney injury in the context of Type I cardio-renal
syndrome was defined by acute heart failure complicated by
AKI [51], and AKI with hepato-renal syndrome was defined
by AKI with cirrhosis or liver failure [52]. AKI associated
with sepsis was defined according to the 2016 definition
[53] and AKI with multiple organ failure as failure of at
least 3 organs. Finally, hospital-acquired AKI was defined
by its occurrence > 48 h after hospital admission, surgery-
associated AKI by its occurrence within 72 h after surgery,
and community-acquired AKI as not acquired during hos-
pitalisation. Two investigators (C. Aglae and O. Moranne)
reached a consensus about each probable cause of AKI. As
mentioned by Kellum et al., this diagnosis is sometimes
complex. Therefore, we first described causes according to
their clinical syndrome, as in sepsis or multiple organ fail-
ure, and then as hypovolemic, renal, or obstructive [54, 55].

Trajectory and care

Patient trajectory during hospitalisation was recorded with
information about the different departments of hospitalisa-
tion for patients. The “inclusion ward” was defined as the
ward where the patient presented severe AKI requiring
inclusion. Three main groups of department/ward were stud-
ied including the ICU and the nephrology ward (NW) which
both had RRT availability, whereas the third group was “all
other departments without RRT”. The ICU contains 2 units,
1 surgical and 1 medical, with different patient profiles. We
also recorded the department, if any, before the “inclusion
ward”, the inpatient’s death ward, the last ward where the
patient stayed before discharge and the conditions of transfer
to home or another facility such as hospital or rehabilitation
centre for survivors.

Patients were sub-divided into 9 main groups according
to the principal reason for admission: sepsis, cardiovascular,
neurologic, digestive disease, respiratory distress, hypov-
olemia or haemorrhage, AKI, or other diagnoses. More than
1 condition could be selected in each case.

During hospitalisation, information regarding the inclu-
sion ward, care plan including treatment with RRT, intra-
venous infusion of vasopressors, mechanical ventilation,
decision to withhold/withdraw life-sustaining treatment,
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death during hospitalisation and dependence on dialysis at
discharge were recorded in the patient’s electronic file.

When RRT was indicated, the attending physician speci-
fied the reason from the following pre-specified items:
oligoanuria, hyperkalaemia, acute pulmonary oedema,
metabolic acidosis, hypercalcaemia, volume overload with
diuretic resistance or refractory shock. Several causes could
be selected.

Statistical analysis

We report the incidence of hospitalisation for severe AKI in
adults over the study period according to the overall num-
ber of stays in this tertiary university hospital for adults
hospitalised in medical, surgical, and obstetric wards. The
population characteristics, clinical presentation at inclusion,
trajectory, and care are reported for the overall population
and by age range. Quantitative values with Gaussian distri-
bution are expressed as means with their standard deviations
(SDs) and compared with the analysis of variance (ANOVA)
test; those with non-Gaussian distribution are expressed as
medians and their interquartile ranges (IQRs) and compared
by age range using the Kruskal-Wallis nonparametric test.
Qualitative values are expressed in numbers (with percent-
ages) for qualitative values and compared by age range with
the Chi-squared test. Significance was defined as P <0.05
with a bilateral test. Statistical analyses were performed with
SAS software version 9.3 (SAS Institute Inc, Cary, South
Carolina, USA). The statistical comparison of the variables
according to group is a global comparison between the three
age groups.

Ethics

This study was approved by the Ethics Committee (REB)
and the French Data Protection Authority (Commis-
sion Nationale Informatique & Libertés; CNIL number:
1963867v0) in accordance with the current French legis-
lation (Toulouse E, ACCPM 2020). All patients or their
legal representatives received clear information that they
could object to the collection of information on their health
records, and none expressed any opposition. The study is
registered on the Clinical Trials website under the number
NCT03192189.

Results

Socio-demographic characteristics and medical
history

Sociodemographic data, medical history, and previ-
ous renal function are detailed according to age range in
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Table 1. Of the 507 eligible patients, 480 were included
(median age 72 years [Q1-Q3 64, 83], 73% men) with
124 patients < 65 years (26%, median age 57 years; [Q]1-
Q3 51, 62]), 150 patients 65 to 75 years (31%, median age
70 years; [Q1-Q3 68, 72]), and 206 patients > 75 years
(43%, median age 84 years; [Q1-Q3 80, 89]) (Fig. 1). The
most commonly found medical histories were, for all par-
ticipants, cardiovascular disease (cardiopathy 79%, hyper-
tension 67%), diabetes (37%) and solid organ malignancies
(27%). Among the whole cohort, median eGFR 6 months
before inclusion was 59 ml/min/1.73 m? [Q1-Q3 37.5,79]
with 82 patients being followed by a nephrologist (17%).
Diabetes (25%; 43%; 39%, p=0.01) and cardiovascular
diseases were significantly more common in older groups.
The median eGFR 6 months before admission decreased
with age: 82 ml/min/1.73 m? in the < 65 year-old age group,
61.5 ml/min/1.73 m? in the 6575 year-old age group, 46 ml/
min/1.73 m? in the > 75 year-old age group (p <0.0001).
History of previous nephrological follow-up increased with
age (10%; 18%; 20%, p<0.001). However, for the whole
cohort, data on previous renal function were unavailable for

21 patients (4%), and therefore the imputation was made
with an eGFR of 75 ml/min/1.73 m?. Missing creatinine data
was more frequent in younger patients: 11 for the < 65 year-
old age group (9%), 9 for the 65-75 year-old age group (6%)
and only 1 for the > 75 year-old age group (0.5%).

Other diseases in the clinical history, especially solid
organ malignancies, were not found more frequently in older
groups, and history of chronic liver dysfunction was more
common among younger subjects.

Reasons for hospitalisation, clinical data,
and aetiologies of AKI

Reasons for admission, hospital-acquired and surgery-
associated AKI rate, clinical and laboratory data at inclu-
sion, and causes of AKI are detailed in Table 2. The median
eGFR 6 months before inclusion according to the aetiology
of severe AKI is detailed in the Appendix (Fig. 1S). There
was no difference in admission reasons for the three groups.
Among the patients in the > 75 year-old age group, the most
frequent causes were infectious (24%), gastrointestinal

Table 1 Sociodemographic

. . <65 years 65-75 years >175 years p
Dfita, Medlca! History, and (N=124; (N=150;31%) (N=206;
Kidney Function 26%) 43%)
Age (years), median [IQR] 57 [51, 62] 70 [68, 72] 84 [80, 89] -
Sociodemographic data
Men, n (%) 92 (74%) 112 (75%) 147 (71%) 0.75
Past medical history, n (%)
Cardiopathy 67 (54%) 123 (82%) 188 (91%) <0.0001
Coronary heart disease 22 (18%) 28 (19%) 66 (32%)
Cardiac arrhythmia 6 (5%) 21 (14%) 81 (39%)
Heart failure 18 (15%) 32 (21%) 78 (38%)
Peripheral vascular disease 11 (9%) 31 21%) 44 21%) 0.01
Cerebrovascular disease 4 (3%) 9 (6%) 48 (23%) <0.0001
Treated hypertension 52 (42%) 109 (73%) 159 (77%) <0.0001
Diabetes mellitus 31 (25%) 64 (43%) 81 (39%) 0.01
Chronic liver dysfunction 17 (14%) 7 (5%) 512%) <0.0001
Solid organ malignancies 29 (23%) 45 (30%) 56 27%) 0.47
Haemopathy 6 (5%) 16 (11%) 18 (9%) 0.21
Asthma or COPD 16 (13%) 21 (14%) 29 (14%) 0.95
NIV or supplemental oxygen 8 (T%) 13 9%) 16 (8%) 0.79
Kidney function (previous 6 months)
¢GFR (ml/min/1.73 m?), median [Q1-Q3] 82 [68, 98] 61.5[42,78] 46 [31, 63] <0.0001
>60 ml/min/1.73 m?, n (%) 100 (81%) 78 (52%) 59 29%)
60—45 ml/min/1.73 m?, n (%) 5 (4%) 25 (17%) 50 (24%)
45-30 ml/min/1.73 m?, n (%) 13 (10%) 32 (21%) 47 (23%)
30-15 ml/min/1.73 m?, n (%) 6 (5%) 15 (10%) 50 (24%)
Consultation by a nephrologist, n (%) 13 (10%) 27 (18%) 42 (20%) <0.001

“P” for the global comparison of values between < 65 years, 65-75 years and > 75 years groups

IQRinterquartile range, COPD chronic obstructive pulmonary disease, NI/Vnon-invasive ventilation,
eGFRestimated glomerular filtration rate
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Table 2 Reason for Admission, Clinical Data, Laboratory Findings and Causes of AKI

<65 years (N=124; 26%) 65-75 years (N=150; 31%)

> 75 years (N =206; 43%) p

Reason for admission, n (%)

Gastrointestinal 30 (24%) 46 31%) 44 (21%) 0.13

Infectious 26 (21%) 30 (20%) 49 (24%) 0.67

AKI (alone) 21 (17%) 40 (27%) 38 (18%) 0.08

Hypovolemia/hemorrhage 27 (22%) 27 (18%) 39 (19%) 0.71

Cardiovascular 11 9%) 22 (15%) 37 (18%) 0.08

Respiratory distress 19 (15%) 18 (12%) 26 (13%) 0.69

Neurological 15 (12%) 9 (6%) 13 (6%) 0.10

Other 8 (6%) 10 (7%) 22 (11%) 0.12
Hospital-acquired AKI, n (%) 33 (27%) 45 (30%) 57 (28%) 0.81
Surgery-associated AKI, n (%) 20 (16%) 34 (23%) 44 (22%) 0.37
Clinical data, median [Q1-Q3]

BMI (kg/m?) 26.1[22.9, 31.4] 28.2 [24.8, 32.6] 25.6 [23.1,29.4] <0.01

Charlson index 412,7] 6[4, 8] 81[7,10] <0.001
Laboratory data at inclusion,

median [Q1-Q3]

Creatinine (umol/L) 415 [339, 569] 435 [375, 576] 418 [372, 550] 0.67

Urea (mmol/L) 26.4[16.5, 34.8] 26.9 [20.2, 35.4] 32.6 [24.4,39.2] <0.0001

Potassium (mmol/L) 4.9 [4.0,5.6] 4.7[4.2,54] 5.0[4.4,5.6] 0.11

Bicarbonate (mmol/L) 17.6 [14.4,21.4] 18.4[13.3,21.7] 19.0 [15.8, 22.6] 0.04
Cause of AKI, n (%) <0.01
Hypovolemia 28 (23%) 28 (19%) 42 (20%) 0.73

Without nephrotoxic drugs 17 (14%) 22 (15%) 39 (19%)

With nephrotoxic drug* 11 9%) 6 (4%) 3(1%)
Renal 36 (29%) 39 (26%) 37 (18%) <0.05

Acute tubular necrosis 20 (16%) 25 (17%) 28 (14%)

Acute interstitial nephritis 5 (4%) 5 (3%) 3 (1%)

Glomerulonephritis 6 (5%) 9 (6%) 4 (2%)

Vascular nephropathy 5 (4%) 0 (0%) 2 (1%)
Obstructive 15 (12%) 23 (15%) 47 (23%) 0.03
Sepsis 23 (19%) 40 (27%) 41 20%) 0.19
Cardiorenal syndrome 8 (6%) 13 (9%) 30 (15%) 0.04
Hepatorenal syndrome 4 3%) 1 (1%) 0 (0%) 0.01
Multiorgan failure 10 (8%) 6 (4%) 9 (4%) 0.25

“P” for the global comparison of values between < 65 years, 65-75 years and > 75 years groups

AKlTacute kidney injury, BMIbody mass index, /QR interquartile range

*Not including natriuretics and Renin—Angiotensin—Aldosterone Inhibitors

(21%), hypovolemia (19%), isolated AKI (18%) and cardio-
vascular (18%). Similarly, the rates of hospital-acquired and
surgery-associated AKI did not vary significantly with age.
On the other hand, clinical characteristics differed signifi-
cantly between groups: older patients had a lower median
BMI (26.1; 28.2; 25.6 kg/mz, p<0.01) and a higher Charl-
son comorbidity index (4; 6; 8, p<0.001).

The main AKI aetiologies for the three groups are
shown in Fig. Is. In the > 75 year-old age group, the
main causes were obstructive (23%), followed by sep-
sis (20%) and hypovolemia (20%), then cardio-renal
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syndrome (15%), and finally acute tubular necrosis
(14%). Some aetiologies increased with age: obstructive
causes (12% for <65 years, 15% for 65-75 years, 23%
for> 75 years, p=0.03), hypovolemia without nephrotoxic
drugs (14/15/19%) and cardio-renal syndrome (6/9/15%,
p=0.04). Conversely, other etiologies decreased with
increasing age, including intrinsic kidney injury (29%
for < 65 years, 26% for 65-75 years, 18% for> 75 years,
p <0.05) and hypovolemia with nephrotoxic drug use
(9%; 1% respectively).
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Trajectory, care and outcome

Table 3 reports data on patient trajectory (including hos-
pitalisation ward, length of stay and mode of discharge),
treatment (invasive and supportive care), and outcome (vital
and renal status at discharge and 3 months after inclusion).
Complementary data concerning treatment in relation to age
(Fig. 2S), and eGFR distribution at discharge are detailed
in the Appendix (Table 1S). Trajectory differed according
to age: patients aged > 75 were more often admitted from
emergency (45%; 45%; 59% respectively) and surgical wards
(2%; 6%; 5%) than from medical wards (16%; 17%; 10%).
They were less often admitted to the ICU (54%; 47%;
24%) and Nephrology (27/%; 29%; 25%) but more often to
other wards (19%; 23%; 50%). The other wards included,
first, geriatrics (17%) and other medical wards (17%) for
the > 75 year-old group, onco-haematology (7%) and other
medical wards (7%) for the 65-75 year-old group. Patients
aged < 65 admitted to other wards were first admitted to
other medical wards (10%), and urology (5%).

Among the whole cohort, 194 patients (40%) received
RRT for AKI, for whom a decision to withhold/withdraw
life-sustaining treatment (including mechanical ventila-
tion, dialysis, vasopressor use and/or ICU Care admis-
sion), hereinafter referred to as supportive care, was made
for 67 patients (14%). This latter case was more frequent
in older patients (6%; 9%; 22%, respectively p <0.0001),
who received less frequently RRT (p <0.001), vasopressor
support (p=0.03) and mechanical ventilation (p <0.001).
Among the AKI patients treated with RRT, the indications
for anuria , acute pulmonary oedema and diuretic resist-
ance increased with age and, conversely, the indications for
metabolic acidosis and hyperkalaemia decreased with age
(p<0.001).

The median length of stay was 13 days with no signifi-
cant variation between groups (11; 14; 13 days, p=0.51).
Regarding in-hospital mortality, there was no significant
difference according to age. On the other hand, 3-month
mortality was significantly associated with age group in the
crude analysis (35%; 32%; 50%, p < 0.0001). Finally, among
patients discharged alive from the hospital, older patients
were less likely to go home directly and were more often
transferred to a rehabilitation centre or another hospital
(Table 3).

Discussion

In our population of patients hospitalised for severe AKI,
43% of the subjects were over 75 years old. These older
patients had specificities such as more comorbidities, par-
ticularly cardiovascular, diabetes and a significantly lower
eGFR 6 months before hospitalisation for severe AKI.

Moreover, the causes of AKI varied in older patients who
had more obstructive aetiologies, cardio-renal syndrome,
and hypovolemia. Finally, these older patients had fewer
admissions to ICU and Nephrology, fewer invasive proce-
dures, and received more supportive care. Mortality was
higher at 3 months, and survivors were less likely to return
home directly. These results emphasize that older patients
are a unique population with various AKI aetiologies often
related to their specific comorbidities and often worsened by
a lower baseline eGFR. These findings highlight the impor-
tance of a multidisciplinary team approach upon admis-
sion to discuss the interest of invasive care early on, plan
interventions on the identified vulnerabilities, and adapt the
pathway of care. Finally, these older patients could greatly
benefit from a robust aftercare process with remote nephro-
logical follow-up and geriatric evaluation to reduce mid- and
long-term mortality and prevent unnecessary procedures and
further hospitalisations.

The study population included patients with severe AKI,
on RRT or not, in all wards of a tertiary centre. Such data
are complementary to data from epidemiological registry
studies and cohorts of AKI requiring RRT [4-6] or AKI
all stages except RRT in all hospital wards [8], as well as
AKI managed in the ICU, requiring RRT or not [11, 13].
The overall characteristics of our population are similar to
those reported in the literature, and show a predominance
of men (54 to 65%), over 60 (60-70 years), with significant
cardiovascular comorbidities (17% to 65%), diabetes (13% to
31%), cancer (14% to 20%), and prior CKD (16%36%) [4-6,
8, 11, 13]. In our cohort, patients were older (72 years) and
showed a greater frequency of these comorbidities. Compar-
ison of in-hospital mortality rates confirms our population’s
specificity in terms of severity, at the interface between all-
stages of AKI except RRT (10%—-25% mortality) [8, 17, 36,
56] and AKI requiring RRT or ICU management (27%—-60%
mortality) [5, 6, 11, 13, 57]. Mortality after hospitalisation
has not been described for these particular studies, but the
increased risk of mid- and long-term mortality after AKI has
been previously reported [58, 59].

Our population had similarities with the one described
in a Spanish study conducted 30 years ago, in 1991-1992,
by Pascual et al. [33] which included 103 patients aged over
80 with AKI defined by creatinine > 177 umol/L, in all hos-
pital wards. Sixteen% of these patients aged over 80 were
followed in Nephrology and 3% were in the ICU. Unlike
our study, theirs was multicentric. On the other hand, their
inclusion criteria were patients seen for consultation in
Nephrology, exposing them to a selection bias. Finally, renal
function prior to AKI was not described. The distribution of
aetiologies was similar to our study, with a high frequency
of post-renal and pre-renal AKI (including hypovolemia
and cardio-renal syndrome) [33], as well as a low preva-
lence of intrinsic AKI other than ATN. The most important
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Table 3 Trajectory, Care and

Outcome
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<65 years 65-75 years > 175 years p
(N=124;26%) (N=150;31%) (N=206;43%)
Trajectory, n (%)
Ward before inclusion 0.04
Surgery 3 (2%) 9 (6%) 11 (5%)
Medicine 20 (16%) 26 (17%) 21 (10%)
Emergency 56 (45%) 68 (45%) 121 (59%)
Inclusion ward <0.0001
Intensive care unit 67 (54%) 71 (47%) 50 (24%)
Nephrology 34 (27%) 44 (29%) 52 (25%)
Other wards including: 23 (19%) 35 (23%) 104 (50%)
Elder care 0 (0%) 1(0.7%) 34 (17%)
Urology 6 (5%) 8 (5%) 13 (6%)
Oncology/haematology 2 (1.6%) 10 (7%) 4 (1.9%)
Cardiology 0 (0%) 3 2%) 8 (4%)
Palliative care 1(0.8%) 2 (1.3%) 3(1.5%)
Obstetric ward 1(0.8%) 0 (0%) 0
Other medical ward 12 (10%) 10 (7%) 36 (17%)
Other surgery ward 1 (0.8%) 1(0.7%) 5 (2%)
Treatment, n (%)
RRT delivery 65 (52%) 65 (43%) 64 (31%) <0.001
Reason for RRT:
Anuria 32 (49%) 41 (63%) 39 (61%)
Metabolic acidosis 37 (57%) 38 (58%) 31 (48%)
Hyperkalaemia 23 (36%) 22 (34%) 17 27%)
Acute pulmonary oedema 9 (14%) 5 (8%) 19 (30%)
Volume overload with diuretic resistance 7 (11%) 9 (14%) 13 (20%)
Refractory shock 1 2%) 2 (3%) 2 (3%)
Hypercalcaemia 3(5%) 0 (0%) 1(2%)
Vasopressor use 44 (35%) 51 (34%) 48 (23%) 0.03
Mechanical ventilation 40 (32%) 45 (30%) 30 (15%) <0.001
Supportive care 7 (6%) 14 9%) 46 (22%) <0.0001
Outcome
Length of stay (days), median [IQR]* 11 [6,24.5] 14 [7, 25] 13 [8, 21] 0.51
Trajectory at discharge, n (%)*
Transfer to home 67 (80%) 85 (73%) 86 (62%) 0.05
Transfer to rehabilitation centre 8 (10%) 15 (13%) 30 (22%)
Transfer to another hospital 9 (11%) 17 (15%) 22 (16%)
Renal information at discharge, n (%)*
GFR < 15 ml/min/1.73 m? ** 7 (8%) 21 (18%) 25 (18%) 0.09
Dialysis dependence™** 6 (17%) 5(12%) 11 (28%) 0.16
In-hospital death, n (%) 40 (32%) 33 (22%) 68 (33%) 0.06
3-month mortality, n (%) 44 (35%) 48 (32%) 103 (50%) <0.0001

“P” for the global comparison of values between < 65 years, 65—75 years and > 75 years groups

RRTrenal replacement therapy, GFR glomerular filtration rate

*Among survivors

**Dialysis free

*** Among survivors with at least one RRT delivery during hospitalisation
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difference is ATN which was much less frequent in our
cohort. This probably results from our different classifica-
tion, taking AKI into account as part of a clinical syndrome
(cardio- or hepato-renal syndrome, and sepsis-associated
AKI) [60].

Renal ageing makes older patients more prone to volume
variations [19], which together with the high prevalence of
cardiovascular disease and low baseline eGFR (Fig. 25),
may explain the excess of cardio-renal syndrome and hypo-
volemic AKI in our old patient population. Among hypov-
olemic AKI, the low number of nephrotoxic drugs in older
patients compared to other studies, and their association
with young age in our study is more surprising. This may
be explained by several factors: more frequent evolution to
ATN in older patients treated with nephrotoxic drugs, bet-
ter management of nephrotoxic agents in old patients than
in young patients and also the recruitment of patients with
severe AKI. These results may also be explained by our
choice not to include natriuretics and RAAS inhibitors in
nephrotoxic drugs, whereas these were described in other
studies [36].

Regarding management of these patients, our population
differed from Pascual’s [33]. Although their results did not
report a difference in death rates by age, they showed that
older patients had a lower rate of hospitalisation in Nephrol-
ogy and ICU, and less access to invasive treatments, includ-
ing RRT. We were able to show more precisely that the use
of RRT decreased little with age until patients were over 85,
after which it dropped sharply, while conversely the propor-
tion of patients on supportive care increased slowly from
55 years old, then sharply over 85 (Fig. 32S).

The differences in the indication for RRT reported by the
physicians seem to be related to AKI aetiologies, with two
typical clinical pictures: on the one hand, "volemic" older
patients, with cardio-renal syndrome, resistance to diuretics,
acute pulmonary oedema or anuria, and on the other hand,
"metabolic"” younger patients with multi-visceral failure
complicated by acidosis and hyperkalaemia. It should be
noted that, although our biological data at inclusion do not
show an excess of hyperkalaemia in younger patients, they
do show higher urea and bicarbonate levels with increasing
age (Table 2). This could be explained by the increase in
pre-renal causes (hypovolemia and cardio-renal syndrome)
which are often associated with elevated urea levels.

Finally, as regards non-increasing in-hospital mortality
in older patients with severe AKI, we found similar results
to those of the study by Pascual [33] and several others,
for surgery-associated AKI [61], AKI managed in Nephrol-
ogy and ICU [62] or throughout the whole hospital [63].
It should be noted that these studies mainly focused on in-
hospital mortality which, as illustrated here, is only part of
the prognosis of a patient hospitalised for an acute event.
In our study we report that older patients return home less

directly, reflecting the greater frailty of this population and
the need for specific care. Finally, we report higher mortal-
ity at 3 months for older patients and a non-significant trend
for a higher frequency of dialysis dependence after an epi-
sode of severe AKI in our study population of median age
72 years, as other studies have also shown [40, 42].

The strengths of our study are the prospective nature of
the cohort, and the inclusion of all adult patients with severe
AKI, defined by robust criteria, in all wards of a tertiary cen-
tre, while most studies in a population of adult patients with
severe AKI are limited to Nephrology or IC or are based on
medico-administrative data, include all KDIGO stages of
AKI, or are limited to AKI requiring RRT, often without
specifying aetiology. Furthermore, the description of our
population is very detailed and very few prior eGFR data
(4%) were unavailable, due to the prospective design of this
study. Finally, we describe the trajectory of these patients
and the way they were managed at discharge, to better take
into account the prospective organization of care.

Our study also has limitations. Firstly, a possible selection
bias of our population due to the inclusion criteria which do
not consider the totality of the KDIGO 3 AKI definition,
with non-use of the criteria based on diuresis and serum
creatinine tripling. This led to the non-inclusion of patients
with decreased urinary output or tripling of creatinaemia
without reaching the threshold of 353 umol/l and not treated
with RRT. However, this may also be a strength, with robust
selection criteria to define severe AKI, easy screening and
easy implementation of these selection criteria. The second
limitation is the single-centre nature of the study, a tertiary
centre without cardiac surgery or an organ transplant depart-
ment. This limits the extrapolation of results to hospitals
with such services.

Moreover, our results suggest that patients > 75 years
old are very heterogeneous, probably with a dichotomy in
the management of those over and under 85 years of age.
Further studies would be useful to describe severe AKI in
patients aged over 85, with a more precise description of ger-
iatric parameters (such as dependence, chronic and/or acute
cognitive impairment, iatrogenicity), and their association
with the decision for supportive care and with outcomes.

Kidney ageing puts older patients at greater risk of
severe AKI, primarily from pre- and post-renal causes.
This type of damage predominates in elderly patients
but does not correspond to all the aetiologies of AKI in
the elderly, which are as variable as in younger subjects
[31-33, 64]. Elderly patients should therefore be explored
in the same way without limiting access to renal biopsy if
necessary [65, 66]. Moreover, this frail and very comor-
bid elderly population requires multidisciplinary manage-
ment during hospitalisation, associating nephrologists,
intensivists, geriatricians, and other specialists to evalu-
ate their functional reserves as completely as possible.
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This is essential to try and answer the complex question
[45, 67] of the expected benefit of dialysis and ICU man-
agement, in order to avoid unreasonable care, implement
interventions on the medico-psycho-social frailties and
anticipate the subsequent care in the geriatric network.
Indeed, the pathway of care of older patients is complex
and often involves a rehabilitation centre before returning
home, which is often difficult. Follow-up requires special
organization adapted to this population [47, 68-70] and
this is why early consultation with a geriatrician is highly
recommended. In addition, given the frequency of previ-
ous CKD or age-related reduction of the kidney tissue,
and insufficient previous nephrological follow-up in this
population, consultation by a nephrologist is important for
older patients, particularly with low GFR before hospitali-
sation as indicated by national and international recom-
mendations [1, 71].

Conclusion

In this prospective single-centre study, patients aged over
65 hospitalised for severe AKI had more comorbidities,
a lower baseline eGFR, and more frequent pre- and post-
renal causes of AKI. Management is less often performed
in Nephrology and the ICU, with less invasive treatments.
Among survivors, the study reports more transfers to
inpatient facilities before an eventual return home. This
study emphasizes the specificity of this elderly population,
and the importance of seeking an underlying lower eGFR
whilst investigating the aetiologies of AKI. A multidis-
ciplinary approach is necessary to discuss the option of
invasive or non-invasive management, plan interventions
focused on the vulnerabilities identified, and adapt the
pathway of care. Nephrological follow-up and geriatric
evaluation could probably help to reduce mortality, unnec-
essary procedures, and further hospitalisations.
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