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Abstract

Background We aimed to study the role of aetiology, pre-existing chronic kidney disease (CKD) and infections in acute
kidney injury (AKI) on renal outcome and mortality.

Methods This retrospective study analysed patients with AKI admitted to a university nephrology department from Janu-
ary 1st, 2020 through December 31st, 2020. Aetiology of AKI, underlying renal disease in case of pre-existing CKD and
presence of infections were assessed. Development of renal function and risk of death were studied with follow-up until
January 31st, 2023.

Results Of 1402 patients screened, 432 patients (30.8%, 67.9 + 15.4 years) fulfilled the inclusion criteria, half of the popu-
lation presented with advanced CKD. Even though CKD patients were more often in need of chronic dialysis at time of
discharge (6.9% vs 4.5%, p <.001), duration of hospital stay was shorter and in-hospital mortality tended to be lower when
compared to AKI without prior renal disease. Neither aetiology of AKI nor pre-existing CKD had an impact on the combined
endpoint of end-stage kidney disease and mortality (log rank 0.433 and 0.909). Overall, septic patients showed the highest
in-hospital mortality (23.5%) and longest hospital stay (30.0 +22.8 days, p <.001), while patients with urosepsis had the
shortest hospitalisation time (9.7 days) with lowest risk for dialysis (4.4%). Of note, outcome did not differ in patients with
AKI when considering the infectious status.

Conclusions Overall renal outcome and mortality in AKI patients were not affected by the cause of AKI, pre-existent CKD
or infectious status. Only severity of AKI had a negative impact on outcome.
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Background:
What role does aetiology, pre-existing chronic

kidney disease and infections of acute kidney
injury play in renal outcome and mortality?
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Conclusion: renal outcome and mortality in AKI patients were
not affected by cause of AKI, pre-existent CKD or infectious status.
Only severity of AKI had a negative impact on outcome.
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Introduction

Acute kidney injury (AKI) is a common problem in hospi-
talised patients. In fact, one of five in-patients experiences
AKI, while patients on intensive care units are even more
affected [1, 2]. Acute kidney injury is defined as a sud-
den decline in kidney function, classified into three stages,
most commonly using the AKIN or—more recently—the
KDIGO criteria [3]. Being associated with prolonged hos-
pital stay and increased risk of permanent renal replace-
ment therapy (RRT), AKI has a relevant impact on mor-
bidity. In addition, it has repeatedly been demonstrated
that AKI is an independent, significant risk factor for
short- and long-term mortality [4-6]. Acute kidney injury
itself is a complex entity with various underlying patho-
genic mechanisms. For practical purposes, it is generally
divided into three categories: (1) AKI with prerenal cause
and renal hypoperfusion due to hypovolemia or conges-
tive heart failure; (2) intrinsic AKI as the result of struc-
tural and/or functional damage to the kidney itself; and
(3) postrenal injury attributed to urinary tract obstruction
[7]. While the latter category can be easily identified by
ultrasound with a straight-forward therapeutic approach
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by reinstating urinary drainage, all other causes require a
thorough diagnostic analysis and target-specific therapy.

In daily clinical practice, the simultaneous presence
of prerenal and intrinsic AKI is common and often the
result of competing factors, such as exposure to contrast
medium, nephrotoxic medications, hypotension, and infec-
tion. Some underlying causes may affect kidney function
even through several mechanisms: e.g., infections, which
can result in impaired renal blood flow, acute tubular
necrosis and the release of pro-inflammatory mediators,
all resulting in renal damage [8, 9]. Of note, more than
40% of patients with AKI already present with pre-existing
chronic kidney disease (CKD) [10]. Reasons for CKD are
heterogeneous, and include renal involvement in hyperten-
sion, diabetes, vasculitis or primary glomerulonephritis
[11]. The role of the underlying cause of CKD in AKI
though has not yet been investigated with respect to renal
and patient outcome. Furthermore, the impact of pre-
existing CKD and the underlying renal disease on renal
recovery and patient mortality remains unclear.

The objective of the present study was: (1) to differ-
entiate outcome of AKI with respect to the underlying
aetiology of renal impairment and the potential role of
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infections; and (2) to identify the impact of pre-existing
CKD on all-cause mortality and renal outcome.

Materials and methods

We performed a retrospective cross-sectional, descrip-
tive cohort study at the Department of Internal Medicine,
Nephrology and Intensive Care Medicine at the Univer-
sity Hospital in Marburg, Germany. All in-patients admit-
ted between January Ist, 2020 and December 31st, 2020
were screened for the presence of AKI using the electronic
patient record system. Patients treated on the nephrology
ward with an ICD code for all forms of acute kidney injury
(ICD-10N17.01-N17.99) were identified. Exclusion criteria
were age < 18 years and patients with a functional kidney
transplant.

After identifying eligible patients, AKI stages were
checked for each individual using the KDIGO definition;
in addition, the presence of pre-existing CKD was deter-
mined [3]. Aetiology of AKI, the underlying renal disease in
case of pre-existing CKD and duration of hospital stay were
assessed from the patients’ charts. The established diagno-
sis was the result of complex nephrology care supervised
by an experienced senior nephrologist, considering medi-
cal history, clinical signs and symptoms, imaging as well
as laboratory parameters. The diagnostic approach included
differentiated proteinuria analysis, measurement of urinary
concentration of electrolytes, creatinine, and osmolality in
spot urine or/and 24 h urine collection, and serum param-
eters to differentiate type of AKI. When deemed necessary, a
kidney biopsy had been performed. After discharge, patients
were followed-up until January 31st, 2023 with respect to
kidney function, development of end stage kidney disease
(ESKD) and death using the patients’ electronic medical
records.

For subsequent data analysis, all patients were classi-
fied in three different ways: (1) grouping regarding aetiol-
ogy of AKI (prerenal, intrinsic, combined); patients with
isolated postrenal AKI were excluded; (2) categorisation
with respect to infectious status (no infection, bacterial non-
systemic infection, urosepsis and any other kind of sepsis);
and (3) classification with respect to pre-existing CKD
(GFR > 60 ml/min vs. GFR16-59 ml/min, Fig. 1). Severe
AKI was defined as AKI stage 3. Definition criteria for sep-
sis were based on the guidelines of the Society of Critical
Care Medicine and the European Society of Intensive Care
Medicine, updated in 2016 [12].

To identify potential risk factors for the development of
severe AKI or death, multiple variables at the time of admis-
sion, including age, sex, serum sodium level, proteinuria, as
well as urinary ol-microglobulin and albumin were checked,
and a multivariable logistic regression calculation was

performed with respect to intra-hospital death and RRT at
time of discharge. Cox regression was used to retrospectively
analyse the potential impact of type of AKI, pre-existing
CKD and infectious status on outcome.

The primary combined endpoint was defined as death
and/or development of ESKD in need of renal replacement
therapy. Sample size calculations were performed prior to
data collection to determine the number of patients needed
to detect significant changes between groups. For this pur-
pose, the G*Power calculator by Faul et al. was used [13],
calculating for a mixed-model ANOVA with two, three and
four groups, respectively. Effect size was set at a low level
(f=0.15), while defining high statistical power (0.95). Using
these assumptions, calculations revealed a sample size of at
least n =160 patients with 40 patients per group (Supple-
mental Table 1). Potential risk factors for the development
of severe AKI and its influence on outcome were assessed
using a binominal logistic regression model. Statistical anal-
ysis was performed using SPSS statistics (version 28) and
Excel (version 16.0). Descriptive data are presented as total
count or mean, unless otherwise stated. One-way ANOVAs
were conducted to assess differences between patient groups;
where applicable, Tukey post-hoc analysis was subsequently
performed. Renal impairment requiring permanent RRT in
ESKD or death were imaged using Kaplan—Meier survival
curves, with differences objectified by log-rank test. A two-
tailed p value < 0.05 was considered statistically significant.

The study was given a waiver by the Ethics Committee,
Philipps University, Marburg, Germany (11/2021 RS 21/88).
The study and the manuscript comply with the STROBE
checklist for observational studies [14], available in the Sup-
plemental Table 2.

Results

In total, 1402 patients were screened, among them, 459 had
a diagnosis of AKI (Fig. 1), and 432 patients fulfilled the
inclusion criteria. Average age was 67.9 +15.4 years with a
male predominance (n =272, 63.0%). One hundred seventy-
three patients were treated in the ICU at some point. Chronic
kidney disease was present prior to admission in more than
half of the study population (n=235, 54.3%), with most
patients having advanced CKD stages. Baseline characteris-
tics of patients without CKD and with mild CKD, and those
with advanced CKD stages (KDIGO G3a-4) are presented
in Table 1: CKD patients were significantly older (74.0 vs.
65.7 years, p <0.001) and more often in need of permanent
RRT at the time of discharge (13.9% vs. 5.2%, p=0.004).
Surprisingly, in-hospital mortality tended to be lower in
the advanced CKD group (13.1% vs. 21.4%, p=0.08) and
length of hospital stay was shorter (12.5 vs. 15.8, p=0.01).
In about one third of the CKD patients, hypertensive and/
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Fig. 1 Selection and classifica-
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* Patients with advanced CKD are not included here, because they are formally in ESKD

(CKD KDIGO 5, n=48).

or diabetic nephropathy was the underlying renal disease
(37.0%), followed by cardiorenal and hepatorenal syn-
drome (12.0%) and primary or secondary glomerulone-
phritis (13.0%, Supplemental Fig. 1). Patients with IgA
nephropathy were younger than the average CKD population

@ Springer

(49.0+ 15.8 years, p <0.001), had the shortest length of hos-
pital stay (9.0 +8.1 days, p=0.025) and did not require tem-
porary or permanent RRT. Of note, all other CKD patients
had comparable demographic and baseline characteristics
(Supplemental Table 3).
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Table 1 Baseline characteristics GFR > 60 ml/min GFR 16-59 ml/min p value
of patients comparing patients (n=224) (n=160)
with GFR > 60 ml/min pre-
admission (no CKD, CKD Age 65.7 74.0 <0.001
Nith re-cxisine CKD (KDIGO  Male 145 (64.7%) 93 (58.1%) 020
G3a-G4) Duration of hospital stay (d) 15.8 12.5 0.01
Temporary dialysis 51 (22.8%) 30 (18.8%) 0.49
Discharge with dialysis 10 (4.5%) 11 (6.9%) <0.001
In-hospital mortality 48 (21.4%) 21 (13.1%) 0.08
Severity of AKI
AKII 54 (24.1%) 53 (33.1%) 0.15
AKIIT 53 (23.7%) 35 (21.9%) 0.58
AKIIII 117 (52.2%) 72 (45.0%) 0.29
Pre-existing CKD
No CKD 191 (85.3%) / /
KDIGO G1 8 (3.6%) / /
KDIGO G2 25 (11.2%) / /
KDIGO G3a / 39 (24.2%) /
KDIGO G3b / 58 (36.2%) /
KDIGO G4 / 63 (39.3%) /
Comorbidities
Hypertension 161 (71.9%) 101 (63.1%) 0.16
Diabetes mellitus 69 (30.8%) 55 (34.4%) 0.003
Chronic heart failure 118 (52.7%) 71 (44.4%) 0.17
Laboratory parameters
Pre-admission creatinine 1.06 1.60 <0.001
First creatinine 2.59 2.99 <0.001
Maximum creatinine 3.37 3.62 <0.001
Last creatinine prior to dismissal® 1.64 2.11 <0.001

Patients with advanced CKD, formally in ESKD (CKD KDIGO 5, n=48) are not shown in this table
AKI acute kidney injury, CKD chronic kidney disease

“Discharged patients still in need of renal replacement therapy are excluded

When considering AKI patients with respect to their
infectious status (no infection, bacterial non-systemic
infection, urosepsis and any other kind of sepsis, Table 2),
patients with urosepsis showed the shortest hospitalisation
time (9.7 days) and were least often in need of permanent
RRT at the time of discharge (n=2, 4.4%), even though
groups were comparable with respect to severity of AKI.
Patients with any other kind of sepsis predominantly pre-
sented with pulmonary sepsis (n= 14, 41.2%), while other
septic foci were less common (skin: n=6, 17.6%; abdomi-
nal: n=35, 14.7%; infection of central venous catheters: n=4,
11.8%; endocarditis: n=2, 5.9%; not known: n=3, 8.8%).
Overall, septic patients showed the highest in-hospital mor-
tality (23.5%) and longest hospital stay (30.0 +£22.8 days,
p<0.001). When comparing patients with any kind of sepsis
to patients without any infection, hospital stay was also sig-
nificantly longer (18.5 vs. 10.4 days, p <0.001) and risk of
temporary dialysis was higher (29.1% vs. 15.7%, p=0.02).
There were no significant differences when comparing

patients’ outcome with respect to aetiology of AKI (Sup-
plemental Table 4).

To identify potential risk factors for the development of
severe AKI, a multivariable logistic regression for intra-
hospital death and discharge in need of RRT showed no
significance for most parameters. Proteinuria was the only
identifiable risk factor for the permanent need for RRT at
time of discharge (p =0.004). Furthermore, neither type of
AKI nor pre-existing CKD or infectious status seemed to
have a prognostic impact on renal outcome and mortality
(Supplemental Tables 5 and 6).

Overall, 76 patients with AKI died in the hospital
(17.6%). Follow-up data were available for 238 of the
remaining 356 patients (66.7%) with an average follow-up
time of 304 days (range 10-1.065 days). Clinical and labo-
ratory characteristics at baseline did not differ between
patients with available follow-up data and those lost to
follow-up, except for a higher rate of patients in need of
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Table 2 Baseline characteristics of AKI patients with respect to infectious status

Total (n=432) Patients without

Bacterial infec-  Urosepsis (n=45) Any other sep- p value

infection (n=127)  tion (n=226) sis (n=34)

Age (years) 69.7 67.9 70.6 72.0 66.7 0.21
Male 272 (63.0%) 80 (63.0%) 133 (58.8%) 30 (66.7%) 29 (85.3%) 0.021
Duration of hospital stay (d) 15.0 10.3 16.4 9.7 30.0 <0.001*
Temporary dialysis 103 (24.0%) 20 (15.9%) 60 (26.8%) 8 (17.8%) 15 (44.1%) 0.003"
Discharge with dialysis 39 (9.0%) 8(6.3%) 26 (11.5%) 2 (4.4%) 3(8.8%) 0.27
In-hospital mortality 76 (17.5%) 16 (12.7%) 43 (19.2%) 9 (20.0%) 8 (23.5%) 0.32
Severity AKI

AKINT 120 (27.8%) 33 (26.0%) 67 (29.6%) 18 (28.9%) 7 (20.6%) 17

AKIN II 102 (23.6%) 37 (29.1%) 49 (21.7%) 11 24.4%) 5 (14.7%) 35

AKIN IIT 210 (48.6%) 57 (44.9%) 110 (48.7%) 21 (46.7%) 22 (64.7%) 14
Pre-existing CKD 235 (54.3%) 84 (66.1%) 123 (54.4%) 12 (26.7%) 16 (47.0)

KDIGO G1 8 (1.9%) 3(24%) 3(1.4%) 1(2.2%) 1(2.9%) 0.23

KDGIO G2 25 (5.9%) 10 (7.9%) 12 (5.4%) 2 (4.4.%) 1(2.9%) 0.59

KDGIO G3a 39 (9,1%) 12 (9.4%) 23 (10.4%) 2 (4.4.%) 2 (5.9%) 0.19

KDIGO G3b 58 (13.6%) 23 (18.1%) 29 (13.1%) 0 (0.0%) 6 (17.6%) 0.43

KDIGO G4 62 (14.5%) 24 (18.9%) 34 (15.3%) 2 (4.4.%) 2 (5.9%) 0.36

KDIGO G5 43 (10.1%) 12 (9.4%) 22 (9.9%) 5(11.1%) 4 (11.8%) 0.45
Comorbidities

Hypertension 296 (68.5%) 83 (65.9%) 164 (73.9%) 19 (42.2%) 20 (60.6%) 0.20

Diabetes mellitus 149 (34.5%) 49 (38.9%) 69 (31.1%) 29 (64.4%) 12 (35.3%) 0.34

Chronic heart failure 209 (48.4%) 60 (47.6%) 113 (50.9%) 20 (44.4%) 16 (48.5%) 0.85
Laboratory parameters (mg/dl)

First creatinine 3.12 3.16 3.06 3.40 291 0.84

Maximum creatinine 3.86 3.71 39 4.0 3.97 0.90

Last creatinine® 1.95 2.12 1.9 1.89 1.52 0.20

AKI acute kidney injury, CKD chronic kidney disease

#Any other kind of sepsis > no infection, bacterial infection, urosepsis; bacterial infection > no infection, urosepsis

®Any other kind of sepsis > no infection

“Discharged patients still in need of renal replacement therapy are excluded post-hoc comparisons between groups (Tukey’s test)

permanent RRT at time of discharge in the follow-up group
(Supplemental Table 7). In the course of AKI, serum cre-
atinine usually returned to baseline values observed before
the AKI episode. During follow-up, mean serum creatinine
in the no-CKD group was 1.12 mg/dl +0.41 mg/dl and
2.18 mg/dl +£0.66 mg/dl in the CKD group, respectively
(Fig. 2). Only 13 patients required long-term RRT, and
79 patients died during follow-up time. A Kaplan—Meier
curve comparing patients with and without pre-existing
advanced CKD regarding the combined endpoint (devel-
opment of ESKD and death) is shown in Fig. 3B. There
was no significant difference in dialysis-free survival
between the two groups. However, severity of AKI and
treatment in the ICU showed a highly significant impact
(log rank < 0.001, Fig. 3D, Supplemental Table 8 and Sup-
plemental Figs. 3 and 4), revealing higher risk of ESKD
and mortality.
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Discussion

Acute kidney injury is a very common diagnosis in hospi-
talised patients, both in medical and surgical departments.
Even though criteria for AKI and its grading are precisely
defined, the presentation of AKI is highly variable and may
affect patients of all ages with or without a complex medi-
cal history and both stable as well as critically ill patients.
Pathophysiological mechanisms in AKI are also manifold:
primary or secondary autoimmune processes, renal involve-
ment in chronic systemic diseases, nephrotoxic medication,
hypotension or venous congestion can all affect renal func-
tion [15-17]. In most patients, AKI is the result of a mul-
tifactorial process [18, 19]. Taking into account the differ-
ent settings, aetiology and pathophysiological mechanisms,
some authors describe AKI more as a syndrome than a diag-
nosis [20]. Additionally, the large proportion of patients pre-
senting with an “acute on chronic” kidney injury shows the
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Fig.3 Kaplan—Meier curve for combined endpoint of development of end stage kidney disease (ESKD) or death in patients with acute kidney
injury (AKI) with respect to aetiology of AKI (A), pre-existence of advanced CKD (B), infectious status (C) and severity of AKI (D)

diversity of this diagnosis. Development of AKI and CKD  progression of pre-existing CKD [21, 22]. On the other hand,
are knowingly in a vicious circle: observational studies dem- ~ CKD patients seem to have an elevated risk of AKI episodes
onstrated that AKI leads to newly developed CKD and to [23]. This connection is also reflected by the results of the

@ Springer



398

Journal of Nephrology (2024) 37:391-400

present study: more than half of the study population pre-
sented with pre-existing CKD, with 15.9% (n=69) of AKI
patients being readmitted for another AKI episode within
one year. In most cases, creatinine values at time of dis-
charge remained elevated compared to pre-admission values
(2.12 mg/dl vs. 1.35 mg/dl), meeting the diagnostic criteria
of acute kidney disease (AKD). However, one must consider
that patients are often discharged before full renal recovery.

Previous data—mainly investigating AKI in critically
ill patients—have identified AKI as an independent risk
factor for mortality and morbidity [5, 24]. The correlation
of severity of AKI with mortality could be confirmed in
the present study cohort, comprising also patients in stable
conditions (log rank <0.001). Van Berendoncks and col-
leagues showed that mortality following AKI is unrelated
to treatment modality; however, the impact of the underlying
pathomechanisms and the effect of co-existing or underlying
infections on renal and patient outcome have not yet been
fully investigated [25]. The present retrospective study tried
to fill this gap of knowledge, by analysing AKI patients in a
nephrology department in a university setting and investigat-
ing the impact of the aetiology and infectious status of AKI.
Of interest, patients with urosepsis and AKI experienced the
shortest hospital stay (9.7 d, p<0.001) and were least likely
to require temporary RRT (17.8%, p=0.003), even though
severity of AKI and in-hospital mortality were comparable
to other AKI groups. This observation matches our clinical
experience in this patient population; patients with urosepsis
often present with a fulminant disease onset in urgent need
of fluid therapy for volume management and often require
vasopressin therapy. However, if treatment is started in time,
affected patients show a quick recovery after initiation of
antimicrobial and volume therapy [26, 27]. Not surprisingly,
patients with other septic foci, predominantly those with pul-
monary sepsis, had the longest hospital stay (30+22 days),
the most frequent need for RRT (44.1%) and the highest
in-hospital mortality (23.5%). Nevertheless, mortality rate
in septic patients in the present cohort seems to be rather
low when compared to previously published data of a large
meta-analysis, revealing an average mortality rate of 32.5%
in septic patients in Europe [28]. This might be due to inclu-
sion of only critically ill patients fulfilling sepsis criteria in
other studies or since patients in the present study were only
treated by nephrologists, assuming a specific goal-directed
approach in AKI patients.

Previous data have identified CKD as an independent risk
factor for all-cause mortality. Go et al. showed in a longitu-
dinal study the association between level of kidney dysfunc-
tion as determined by glomerular filtration rate (GFR) and
risk of death. With impaired GFR, mortality increases dis-
proportionately; e.g., CKD stage 5 patients have a 5.9 times
higher mortality risk than their peers [29]. In contrast, the
present study did not find a significant difference in survival
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comparing CKD patients to no-CKD patients with AKI (log
rank 0.902). Unexpectedly, in-hospital mortality following
AKI was lower in patients with pre-existing advanced CKD
when compared to mortality in patients without pre-existing
CKD (13.4% vs. 21.7%, p=0.032). Khosla et al. made a
similar observation in the PICARD study, where in-hospi-
tal mortality was lower in AKI patients with pre-existing
CKD (31% vs. 40%, p=0.04) [30], while other publica-
tions described an elevated risk in patients with “acute on
chronic” kidney injury [10, 31]. These findings contribute
to the observation by Fiorentino et al. and Peerapornratana
and coworkers who showed that recovery from AKI by time
of discharge is essential for patients” long-term outcome:
when full recovery can be achieved, mortality is similar
to that in non-AKI patients [32, 33]. It is imaginable that
patients with CKD have already adapted to the situation of
impaired kidney function and that they are less likely to be
critically affected by another blow to the kidney, as has been
demonstrated with potassium homeostasis in CKD [34, 35].
In concordance with other publications [36], in the present
study the percentage of patients requiring permanent RRT
following AKI was higher in those with pre-existing CKD
vs. those without CKD (13.9% vs. 5.2%, p=0.004).

This study has several strengths and a unique selling
point in that it provides representative data on all patients
with AKI, not limiting the inclusion criteria to critically ill
patients, like in most previous studies. Furthermore, the
potential role of the AKI modality and of a pre-existing
CKD as well as the impact of infections has been included in
the evaluation of possible relevant parameters defining AKI
outcome. Including only patients treated in a nephrology
department at a university hospital may have improved iden-
tification of patients with AKI. Limitations include the ret-
rospective observational study design that makes the results
vulnerable for confounding factors. Moreover, a number of
patients were lost to follow-up, with a potential impact on
long-term outcome results, although baseline characteristics
were not different from those included in the follow-up. A
prospective study on the subject could strengthen the results.

Conclusion

In conclusion, the present study shows that in patients with
AKI: (1) prerenal and intrarenal causes have no different
impact on renal outcome and mortality; (2) infections do
not result in worse renal function, more need of RRT or
increased mortality, although patients with urosepsis have a
significant shorter in-hospital stay; (3) in case of pre-existing
CKD the underlying renal disease does not affect the course
of AKI and outcome; and (4) in- hospital mortality is lower
in AKI patients with pre-existing CKD, but the risk of devel-
oping permanent RRT is significantly higher.
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