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Abstract

Introduction: Complex integrated information on disease
mechanisms and in-hospital outcomes in mild to moderate
acute kidney injury (AKI) is scarce. Methods: The Stockholm
Prospective AKI Cohort Study (SAKIS) included all patients
(=18 years, n =1,519) with community-acquired AKI (KDIGO
criteria) admitted to the nephrology ward at Danderyd Uni-
versity Hospital, Stockholm, Sweden, between 2009 and
2018. Detailed laboratory measures were registered. Odds
ratio for hypo- and hyperkalemia, recovery of kidney func-
tion by 30% and 50%, and in-hospital mortality were as-
sessed by logistic regression analysis. Results: Factors inde-
pendently associated with the presence of hyperkalemia at
admission were high age, high serum creatinine (sCr), and
low C-reactive protein (CRP). Signs of malnutrition, inflam-
mation, and acidosis were seen in 31% of patients. Kidney
recovery, defined as a reduction of sCr by 30% in-hospital
(63% of all patients), was associated with higher age, female
sex, lower body mass index (BMI), higher hemoglobin, and

higher CRP. Factors independently associated with mortality
(4.4% of patients) were high age, high BMI, and low albumin.
Conclusion: This study provides a detailed description of
community-acquired AKl and comprehensive analyses of in-
tegrated clinical and laboratory data associated with kidney
recovery. Features related to anemia, albuminuria, malnutri-
tion, inflammation, and acidosis associate with partial or
moderate short-term recovery of kidney function, with dis-
turbances in potassium homeostasis, and with in-hospital
mortality. Future studies are warranted to analyze the long-
term consequences of AKIl in terms of risk of kidney failure,
cardiovascular morbidity, and mortality.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Acute kidney injury (AKI) denotes a sudden decrease
in kidney function, causing a rapid increase in serum cre-
atinine (sCr) or a decrease in urine output, or both. It was
not until 2012 that a general definition of AKI was estab-
lished by the Kidney Disease: Improving Global Out-
comes (KDIGO) AKI Guidelines [1]. AKI is further com-
monly categorized into prerenal, renal, and postrenal in-
sults depending on the underlying etiology; in addition,
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there is acute on preexisting chronic kidney disease
(CKD), here referred to as AKI on CKD. Prerenal and re-
nal AKI account for 60-70% of cases [2]. Even though
AKI is both common, seen in up to 16% of all hospital
admissions in some series [3], and serious, accounting for
an up to fourfold increase in in-hospital mortality [4],
many features of its natural history remain undefined and
uncertain [5, 6].

The incidence of AKI not requiring dialysis has in-
creased in many countries during the last decades [7, 8].
In part, this may be explained by an aging, more multi-
morbid population. However, the increased incidence of
in-hospital AKI may also reflect a greater awareness of
AKI and a lower threshold for AKI diagnosis on hospital
admission [9, 10]. In parallel, several studies have report-
ed a concurrent decline in AKI-associated hospital mor-
tality [7, 11, 12].

Anassociation between AKI and poor long-term prog-
nosis, with risks of the development of CKD and the start
of renal replacement therapy, is supported by evidence
from large systematic reviews [13-15]. However, less is
known about the prognostic implications and kidney re-
covery rates in patients with milder forms of AKI, not be-
ing critically ill and not in need of treatment in the inten-
sive care [16]. The duration of AKI has been demonstrat-
ed to be of significance; higher mortality rates have been
reported with longer duration of mild AKI compared to
shorter duration of moderate AKI [17]. Moreover, potas-
sium disorders and their association with different stages
of AKTI are not well investigated. Recent studies show that
higher potassium levels at admission are an independent
predictor for severe AKI (stage 3) and death [18, 19]. Al-
though KDIGO AKI guidelines advocate follow-up of
AKI patients [1], only a minority see a nephrologist after
hospital discharge [20]. There is a need to support clini-
cians in prioritizing patients with the highest risks and the
most modifiable risk factors.

Some previous hospital-based studies of AKI patients
may have been confounded by a lack of complete capture
of laboratory data; additionally, large registry studies lack
information correlating clinical features to specific and
integrated data. The aim of this large, single-center study
was to, in detail, characterize demographic features and
laboratory findings in consecutive patients with AKI
treated at a university hospital nephrology clinic, focus-
ing on malnutrition, inflammation, acidosis, and hyper-
kalemia, and to report clinical and integrated laboratory
factors associated with in-hospital kidney recovery and
mortality.
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Methods

Study Design and Cohort

This is a prospective observational study, the Stockholm Pro-
spective Acute Kidney Injury Cohort Study (SAKIS). All patients
(aged 18 or above) with AKI admitted to the Department of Ne-
phrology at Danderyd University Hospital, Stockholm, Sweden,
between 2009 and 2018 were eligible. The cohort was considered
having community-acquired AKI, as most patients were admitted
via the Emergency Department. Patients already dialysis-depen-
dent were excluded, as well as patients who were admitted in the
study period but were not yet discharged. Patients were followed
until discharge or, when applicable, until death at the ward.

Definition of AKI and Exposures

AKI was confirmed and staged in accordance with KDIGO AKI
Guidelines: stage 1: sCr 1.5-1.9 times baseline or increase of sCr
>26.5 umol/L; stage 2: sCr 2.0-2.9 times baseline; stage 3: sCr 3
times baseline or sCr increase to 2353.6 mmol/L or initiation of
renal replacement therapy [1], with the exception of time param-
eters and urine output data. Patients with sCr >130 umol/L (1.47
mg/dL) on admission without a previously known baseline value
were also included. Etiology and type of AKI (prerenal, renal,
postrenal, or acute on chronic) were registered, as assessed by the
attending senior consultant.

Outcomes

Patients were categorized according to potassium levels at ad-
mission: hypokalemia (<3.5 mmol/L), normokalemia (3.5-4.9
mmol/L), mild hyperkalemia (5-5.4 mmol/L), moderate (5.5-5.9
mmol/L), or severe hyperkalemia (26 mmol/L), as well as severity
stage of AKI, adhering to the KDIGO criteria [21]. Signs of mal-
nutrition/hypoalbuminemia, inflammation, and acidosis were de-
fined as serum albumin <35 g/L, C-reactive protein (CRP) >20
mg/L, bicarbonate <22 mmol/L. CRP >20 mg/L was considered
clinically relevant for an inflammatory process. Combinations of
these three criteria in total and according to AKI type were also
analyzed.

In-hospital sCr decline of at least 30% or 50% from admission
was determined as a measure of partial or moderate kidney recov-
ery, mainly in accordance with KDIGO AKI Guidelines (decrease
of sCr 250% within 7 days) [1, 22] and a recent study by Duff and
Murray [23] (decrease of sCr 233% within 7 days). Complete kid-
ney recovery was not registered, as patients were generally dis-
charged from the hospital prior to this.

Variables

Upon admission at the nephrology ward, multiple laboratory
measures were registered, focusing on aspects of anemia (hemo-
globin), acidosis (potassium, standard bicarbonate), electrolyte
disturbances (potassium), nutritional status (body mass index
(BMI), albumin), inflammation (albumin, CRP, leukocytes), and
albuminuria (urine albumin/creatinine ratio [ACR]).

Statistical Analysis

Statistical analyses were performed using IBM SPSS v.27. De-
scriptive analysis included mean, standard deviation (SD), median
values, and interquartile range (IQR) for quantitative variables.
Statistical significance was considered at a p value <0.05 and a con-
fidence interval (CI) of 95%. Data comparisons between groups
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Table 1. Baseline characteristics, differences between AKI groups

Prerenal Renal Postrenal AKlonCKD  pvalue Total

N (%) N (%) N (%) N (%) X2+ N (%)
Patients, n 687 (45) 166 (11) 130 (9) 536 (35) <0.001 1,519 (100)
Female sex 342 (50) 74 (45) 30 (23) 183 (34) <0.001 629 (41)
AKl stage 1 137 (46) 45 (15) 21(7) 97 (32) <0.05 300 (20)
AKl stage 2 103 (54) 21(11) 12 (6) 56 (29) <0.05 192 (13)
AKl stage 3 447 (44) 100 (10) 97 (9) 383 (37) NS 1,027 (68)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) ANOVA Mean (SD)
Age, years 73 (16) 61(21) 76 (14) 75 (14) <0.0012b< 73 (16)
Previous sCr, pmol/L 103 (50) 112 (58) 120 (74) 188 (107) <0.0019ec 136 (87)
sCr admission, pmol/L 354,260) 391 (260) 561 (456) 459 (271) <0.001fcd 413 (293)
Systolic BP, mm Hg 125 (24) 142 (25) 141 (27) 132 (25) <0.0019efec 130 (25)
Diastolic BP, mm Hg 72 (14) 80 (14) 78 (15) 74 (14) <0.001faec 74 (14)
BMI, kg/m? 26 (6) 27 (6) 26 (6) 27 (6) NS 26 (6)
Hemoglobin, g/L 121 (24) 113 (21) 114 (22) 111 (21) <0.0019ef 116 (23)
Leukocyte count, x10%/L 11.4(6.2) 11.4(11.0) 12.9(16.2) 10.5 (9.3) 0.052¢ 11.2(9)
Albumin, g/L 30(7) 28 (7) 29 (6) 29 (6) <0.01° 29 (7)
Potassium, mmol/L 4.4(0.9) 43(0.7) 4.7 (1.0) 4.7 (0.9) <0.001fdbe 4.5(0.9)
Bicarbonate, mmol/L 21 (4) 21(3) 20 (4) 20 (4) <0.0019< 21 (4)

Median (IQR) Median (IQR) Median (IQR) Median (IQR) ANOVAS Median (IQR)
CRP, mg/L 41(110) 44(102) 58 (138) 27 (94) <0.0019e 74 (110)
ACR,% mg/mmol 8(22) 39(197) 18 (55) 15 (66) <0.001bcdefc 12 (40)

N (%) N (%) N (%) N (%) X
CRP >20 mg/L 419 (65) 94 (66) 89 (72) 287 (58) <0.01 889 (63)
Albumin <35 g/L 283 (50) 58 (48) 60 (57) 293 (65) <0.05 694 (56)
Standard bicarbonate <22 mmol/L 479 (74) 117 (82) 102 (83) 404 (80) <0.001 1,102 (78)

* x2 analysis. SANOVA based on logarithmic values. Post hoc analyses using the Tukey H test (p < 0.05). 2 Pre verus renal. ® Post versus
renal. “Renal versus AKI on CKD. 9 Pre versus AKI on CKD. € Post versus AKI on CKD. fPre versus postrenal. 9 Urine albumin/creatinine ratio.

were done using parametric and nonparametric methods as ap-
propriate. X* test or Fisher’s exact test were used for categorical
variables and the Student’s ¢ test or Mann-Whitney U test for con-
tinuous variables. ANOVA and the Tukey H test were used for
comparisons between groups. Due to the non-normal distribution
of CRP and ACR, logarithmic values were used. Linear correlation
analyses were made using Pearson’s and Spearman correlation co-
efficients as appropriate.

Unadjusted multiple logistic regression analysis and analyses
with conditional backward selection were used to determine vari-
ables associated with the occurrence of hyperkalemia (=5.0
mmol/L) as well as an in-hospital decrease of sCr of at least 30% or
50%, respectively. Data were expressed as odds ratio (OR) and 95%
CL

Ethical Approval

Observational data were collected, pseudonymized, and ana-
lyzed by group rather than an individual basis, without exposing
individual patients. The study was approved by the Swedish Ethi-
cal Review Authority.

Acute Kidney Injury: Characteristics and
Short-Term Outcomes

Results

Between January 2009 and December 2018, 1,861 eli-
gible patients with suspected AKI were registered. Of
these, 63 patients were excluded due to reassessment of
their preliminary AKI diagnosis, and a further 279 since
they did not fulfill the KDIGO AKI criteria of 2012. The
final cohort consisted of 1,519 patients, with a mean age
of 73 years (SD 16), and 41% of the patients were female.
The mean sCr at admission was 413 umol/L (SD 293).
AKI stages 1-2 were seen in 33% of patients. Most pa-
tients had prerenal AKI. In the AKI on CKD group, pre-
renal causes likewise dominated (82%), whereas 13% had
a postrenal cause. Table 1 shows baseline demographic
data, clinical, and laboratory findings stratified by AKI

type.
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Table 2. Hypo- normo-, mild hyper-, moderate hyper-, and severe hyperkalemia in patients with AKI

Hypokalemia  Normokalemia Mild hyperkalemia  Moderate Severe p value
<3.5mmol/L, 3.5-49 mmol/L, 5.0-5.4 mmol/L, hyperkalemia hyperkalemia
5.5-5.9 mmol/L, =6.0 mmol/L,
N (%) N (%) N (%) N (%) N (%) X2*
Total 150 (11) 850 (60) 215 (15) 118 (8) 95(7) <0.001
AKl stage 1 31(11) 173 (63) 45 (16) 16 (6) 11 (4) <0.001
AKl stage 2 16 (9) 105 (57) 34 (19) 16 (9) 13(7) <0.001
AKl stage 3 103 (11) 572 (59) 136 (14) 86 (9) 71(7) <0.001
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) ANOVA
Age, years 67 (17) 72(17) 75 (13) 76 (11) 75(13) <0.0012Pcd
Previous sCr, umol/L 135 (108) 129 (84) 143 (91) 150 (81) 137 (71) NS
sCr admission, umol/L 388 (281) 372(258) 454 (299) 522 (335) 592 (455) <0.0071¢cdefgh
BMI, kg/m? 26 (6) 26 (6) 27 (6) 26 (6) 27 (6) NS
Hemoglobin, g/L 119 (22) 117 (23) 114 (22) 111 (24) 116 (22) <0.05°¢
Bicarbonate, mmol/L 22 (5) 21 (4) 19 (4) 17 (4) 17 (4) <0.001Pcdefghi
Median (IQR)  Median (IQR) Median (IQR) Median (IQR) Median (IQR)  ANOVAS
CRP, mg/L 54 (141) 40 (111) 30(113) (84) 16 (59) <0.001P<d
ACR, mg/mmol 14 (37) 13 (43) 15(57) 11 (68) 8(30) NS

* x2 analysis. S ANOVA based on logarithmic values. Post hoc using the Tukey H test (p < 0.05): 2Hypo versus normo. ® Hypo versus mild.
“Hypo versus moderate. “Hypo versus severe. Normo versus mild. Normo versus moderate. 9Normo versus severe. "Mild versus moderate.
'Mild versus severe.) Moderate versus severe.

Table 3. Unadjusted logistic regression analysis of risk of hyperkalemia (K =5 mmol/L) and logistic regression following conditional

backward selection

Unadjusted logistic regression (hyperkalemia)

Conditional backward selection (hyperkalemia)

p value OR unadjusted  95% Cl p value OR adjusted  95% Cl
Age (years) <0.001 1.019 1.012-1.027 <0.01 1.024 1.013-1.035
Female sex NS 0.921 0.743-1.140 - - -
BMI (kg/m?) NS 1.005 0.986-1.025 - - -
sCr admission (umol/L) <0.001 1.001 1.001-1.002 <0.01 1.001 1.000-1.001
Hemoglobin (g/L) <0.01 0.993 0.988-0.998 - - -
Leukocyte count (x10°%/L) NS 0.992 0.978-1.006 - - -
CRP (mg/L) <0.001 0.998 0.997-0.999 - - -
St bicarbonate (mmol/L) <0.001 0.816 0.789-0.842 <0.001 0.822 0.788-0.858
ACR (mg/mmol) <0.01 1.001 1.000-1.001 <0.01 1.001 1.000-1.001
AKl stage 1 Ref
AKl stage 2 0.061 1.475 0.983-2.214 NS 1.479 0.878-2.493
AKl stage 3 NS 1.23 0.91-1.663 NS 0.87 0.585-1.295
42 Kidney Dis 2023;9:39-48 Montgomerie/Spaak/Evans/Jacobson
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Table 4. Patients with hypoalbuminemia,

acidosis, and inflammation alone or in Criteria, n p value©

combinations, characteristics, and 02, 1, 2, 3b,

outcomes (30% and 50% decrease in sCr in mean (SD) mean (SD) mean (SD) mean (SD)

hospital)
Length of stay, days 53(45) 6.8(49) 87(6.7) 9.6(7.4) <0.001
Age, years 64 (20) 70(19) 73 (15) 75(13) <0.001
SCr previous, umol/L 114 (64) 124(86) 141(94) 140(81) 0.016
SCr admission, umol/L 276 (142) 332(233) 417(316) 518(331) <0.001
SCr discharge, pmol/L 166 (112) 205(159) 237 (208) 280 (248) <0.001
Hemoglobin, g/L 133(27) 124(22) 114(23) 111(21) <0.001
Potassium, mmol/L 43(0.7) 4.6(1.00 44(0.9 4.7(0.9 <0.001
Albumin, g/L 39400 34(63) 28(53) 26(4.7) <0.001
CRP, mg/L 7.2(5.9) 20(40) 85 (98) 124 (101) <0.001
St bicarbonate, mmol/L 24 (2.2) 22 (4.0) 21 (4.2) 18(2.8) <0.001

N (%) N (%) N (%) N (%) p value?

30% decrease in sCr in hospital 160(53) 358(59) 269(61) 841 (58) NS
50% decrease in sCr in hospital 77 (26) 201(33) 183(41) 492(34) <0.001

@Number of criteria fulfilled. 0 = no hypoalbuminemia, no acidosis, and no inflammation.
b All three criteria. Patients with hypoalbuminemia, acidosis, and inflammation. < ANOVA.

dx2 analysis.

Potassium Disturbances

At admission, 30% of patients had hyperkalemia (=5
mmol/L) and 11% had hypokalemia (<3.5 mmol/L). The
potassium levels were similarly distributed in the differ-
ent AKI stages (Table 2). Mean bicarbonate levels were
within the normal range in the hypokalemic group (22
mmol/L, SD 5). Patients with hyperkalemia more fre-
quently had acidosis, higher sCr at admission, and lower
albuminuria (Table 2). Linear correlation analysis showed
a significant correlation between serum potassium and
bicarbonate levels (r = —0.38, p < 0.001). When stratified
by AKI type, sCr at admission was higher in the hyperka-
lemic groups of prerenal AKI, postrenal AKI, and AKI on
CKD (online suppl. Table ; for all online suppl. material,
see www.karger.com/doi/10.1159/000527299). Factors
independently associated with hyperkalemia were higher
age, higher sCr, lower CRP, and acidosis (lower standard
bicarbonate) (Table 3).

Malnutrition, Inflammation, and Acidosis

At admission, 56% of patients had hypoalbuminemia
and 78% had acidosis (Table 1). A linear correlation was
found between albumin and CRP (Spearman correlation,
r¢=—0.46; p < 0.001).

Furthermore, using the criteria for malnutrition, in-
flammation, and acidosis, most patients (94%) had at least
one criterion, and close to one third had all three criteria
fulfilled (online suppl. Table II). Patients with a higher in-

Acute Kidney Injury: Characteristics and
Short-Term Outcomes

cidence of malnutrition/inflammation/acidosis were old-
er, had longer hospital stay, had higher sCr at admission
and discharge, and had lower hemoglobin (Table 4).

In-Hospital Kidney Recovery

In our cohort, 63% of all patients had a sCr decrease of
at least 30% at discharge, while 38% had a sCr decrease of
at least 50%. The chance of partial or moderate kidney
recovery was largest in patients with prerenal and postre-
nal AKI compared to renal AKIand AKI on CKD (Fig. 1).
When stratifying the cohort by a sCr decrease of at least
30%, a higher CRP at admission was associated with a
higher chance of kidney recovery (Table 5). Furthermore,
higher hemoglobin, lower ACR, and lower BMI were sim-
ilarly associated with improved kidney recovery (Ta-
ble 5).

Variables independently associated with partial kid-
ney recovery (sCr decrease by 30%) were higher age, fe-
male sex, lower BMI, higher sCr at admission, higher he-
moglobin, higher CRP, and AKI stage 2 (compared to
AKI stage 1) (Table 6). Variables associated with moder-
ate kidney recovery (sCr decrease by 50%) were the same
as above, with the addition of lower ACR (online suppl.
Table III).

In-Hospital Mortality
In-hospital mortality was low at 4.4% (online suppl.
Table IV). Mortality was slightly higher among patients

Kidney Dis 2023;9:39-48
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Table 5. Characteristics of AKl patients

with a s-creatinine decrease >30% or not at sCrodecrease 230%, sCr;decrease <30%,  pvalue’
discharge from hospital N (%) N (%)
Patients, N 958 (63) 558 (37) <0.001
Female sex 409 (43) 219 (39) NS
In-hospital death 14(1.7) 42 (9) <0.001
AKl stage 1 173 (18) 127 (23) <0.01
AKl stage 2 139 (15) 53(10) <0.01
AKl stage 3 646 (67) 378 (68) <0.01
Mean (SD) Mean (SD)
Age, years 74 (15) 71(17) <0.01
Length of stay, days 8(6) 8(7) NS
BMI, kg/m? 26 (6) 27 (6) <0.01
Hemoglobin, g/L 119 (23) 111 (21) <0.001
Leukocyte count, x10%/L 11.6 (9.1) 10.6 (9.2) <0.05
Albumin, g/L 30 (6) 29 (7) <0.05
Potassium, mmol/L 4.5 (1.0) 4.5(0.8) NS
St bicarbonate, mmol/L 20 (4) 21 (4) NS
Median (IQR) Median (IQR) p valueP
CRP, mg/L 42 (121) 26 (88) <0.001
ACR, mg/mmol 10 (25) 30(127) <0.001
2y2 analysis. P Student’s t test is based on logarithmic values.
80% 76%
73%
70%
63%
60% 54%
49% S1%
50%
5 40%
40% 3%
30% 25%
20%
Fig. 1. Percent patients with in-hospital 20%
partial (s-creatinine decrease by 230%) or 10% .
moderate kidney recovery (=50% de- ’ 4% 5% 2% 1% o%
crease)*, and in-hospital mortality?. *The 0% L L - — [
difference in sCr decrease (by 30% or 50%) Total PRERENAL RENAL POSTRENAL AKI on CKD

between AKI groups was statistically sig-
nificant. YDeath was not registered in all
patients (N = 1,292).

SCr decrease 30% (p <0.001)

W SCr decrease 50% (p <0.001)

M Dea

th

with prerenal AKI or AKI on CKD (n =27 [5%] and n =
26 [6%]) (Fig. 1). Deceased patients were older, had low-
er blood pressure, lower hemoglobin, and lower albumin
and bicarbonate at admission compared to survivors (on-
line suppl. Table IV). Furthermore, patients with an in-
creased risk of mortality more often had two or three cri-

44 Kidney Dis 2023;9:39-48
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teria of malnutrition, inflammation, and acidosis (online
suppl. Table IV). In logistic regression analysis, higher
age, higher BMI, and lower plasma albumin were inde-
pendently associated with the risk of in-hospital mortal-
ity, but not AKI stage (Table 7).
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Table 6. Unadjusted logistic regression analysis of partial kidney recovery (=30% sCr decrease) in AKI patients and logistic regression

following conditional backward selection

Unadjusted logistic regression (=30% sCr decrease)

Conditional backward selection (=30% sCr decrease)

p value ORunadjusted  95%Cl p value OR adjusted 95% Cl
Age (years) <0.01 1.01 1.004-1.016 <0.01 1.011 1.003-1.019
Female sex <0.05 1.269 1.047-1.537 <0.01 1.372 1.030-1.828
BMI (kg/m?) <0.01 0.971 0.954-0.989 <0.01 0.968 0.947-0.991
sCr admission (umol/L) <0.001 1.001 1.000-1.001 <0.001 1.002 1.001-1.002
Hemoglobin (g/L) <0.001 1.013 1.008-1.017 <0.001 1.024 1.018-1.031
Leukocyte count (x10%/L)  <0.01 1.022 1.006-1.038 - - -
CRP (mg/L) <0.001 1.003 1.001-1.004 <0.001 1.003 1.001-1.004
Potassium (mmol/L) NS 1.063 0.954-1.185 - - -
Albumin (g/L) <0.05 1.018 1.001-1.035
St bicarbonate (mmol/L) 0.072 0.977 0.952-1.002 - - -
ACR (mg/mmol) <0.001 0.999 0.998-0.999 <0.01 0.999 0.999-1.000
AKl stage 1 Ref
AKl stage 2 <0.01 1.925 1.3-2.85 <0.05 1.784 1.077-2.955
AKl stage 3 NS 0.926 0.72-1.19 NS 0.842 0.603-1.176

Table 7. Unadjusted logistic regression analysis of in-hospital mortality in patients with AKI and logistic regression following conditional

backward selection

Unadjusted logistic regression in-hospital mortality

Conditional backward selection in-hospital mortality

p value OR unadjusted 95% Cl p value OR adjusted 95% Cl
Age (years) <0.001 1.059 1.032-1.087 <0.001 1.074 1.036-1.114
Female sex NS 0.781 0.448-1.362 - - -
BMI (kg/mz) NS 1.018 0.97-1.07 <0.05 1.062 1.01-1.117
sCr admission (umol/L) NS 1.000 1.000-1.001 - - -
Hemoglobin (g/L) <0.05 0.987 0.975-1.000 - - -
Leukocyte count (x1 0°L) NS 1.002 0.973-1.032 - - -
CRP (mg/L) NS 1.001 0.998-1.004 - - -
Potassium (mmol/L) NS 1.200 0.893-1.612 - - -
Albumin (g/L) <0.001 0.895 0.857-0.935 <0.01 0.915 0.869-0.963
St bicarbonate (mmol/L) <0.01 0.899 0.841-0.962 0.066 0.925 0.851-1.005
ACR (mg/mmol) NS 1.000 0.999-1.001 - - -
AKl stage 1 Ref
AKl stage 2 NS 0.48 0.169-1.358 - - -
AKl stage 3 NS 0.807 0.441-1.476 - - -

Risk of in-hospital mortality in AKI patients with 0, 1, 2 criteria in comparison to patients with both hypoalbuminemia, acidosis, and

inflammation
0 criteria®
1 criterion
2 criteria
3 criteria®

<0.001
0.005
0.090
<0.001

0.277 0.14-0.547
0.249 0.096-0.65
0.176 0.024-1.311

2 Number of criteria fulfilled. 0 = no hypoalbuminemia, no acidosis, and no inflammation. ° All three criteria

hypoalbuminemia (<35 g/L), acidosis (standard bicarbonate <22 mmol/L), and inflammation (CRP >20 mg/L).

. Patients with both

Acute Kidney Injury: Characteristics and

Short-Term Outcomes
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Discussion

This is the first report from the SAKIS cohort. In this
large, prospective observational study of AKI on hospital
admission, we found that factors related to anemia, albu-
minuria, malnutrition, inflammation, and acidosis sepa-
rately and in combination were associated with partial or
moderate recovery of renal function, with disturbances in
potassium homeostasis, and with in-hospital mortality.

There are abundant registry data on the short- and
long-term consequences of severe acquired AKI in criti-
cally ill patients [13-16], but several gaps in our under-
standing of disease mechanisms and outcomes in milder
AKIT in patients not in need of intensive care remain. One
important problem in many previous studies was the
availability of clinical and laboratory data interrelating
several features associated with AKI. Results obtained
from large registries and consolidated health care systems
often encompass information from one or few laboratory
analyses, most often baseline and peak values of sCr [24],
whereas data on more complex integrated information
on impaired kidney function, including anemia, inflam-
mation, malnutrition, acidosis, hypo- or hyperkalemia,
and albuminuria, are missing. Also, the interpretation of
results may be biased by residual confounding due to im-
perfect assessment of the severity of illness. Furthermore,
there is scarce multifaceted information in the literature
on the short-term implications of milder forms of AKI,
not demanding intensive care. The SAKIS study focuses
on such information.

In the present study, we demonstrate significant dif-
ferences in laboratory findings between patients admitted
because of clinical signs and symptoms who were judged
to have prerenal, renal, postrenal, or AKI on CKD at dis-
charge. The highest hemoglobin at admission was ob-
served in the patients with prerenal AKI, the highest sCr,
and CRP in postrenal AKI. Albuminuria and hypoalbu-
minemia were more often present in renal AKI patients,
while patients with AKI on CKD more often were aci-
dotic.

Potassium disturbances in AKI and CKD are serious
and potentially harmful, but also modifiable by measures
such as correction of acidosis, dietary restrictions, and use
of potassium binders [21]. Hypokalemia has been less ex-
amined than hyperkalemia in CKD and AKI, but obser-
vational studies indicate that the mortality risk might be
higher with hypokalemia than with hyperkalemia [21, 25,
26]. In our study, 30% of AKI patients had hyperkalemia
on admission, of which 50% had moderate or severe hy-
perkalemia. Additionally, 11% had hypokalemia. Patients
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with moderate or severe hyperkalemia had significantly
higher sCr and lower standard bicarbonate at admission,
the latter in all types of AKI. Furthermore, the occurrence
of hyperkalemia in AKI was independently associated
with high age, high sCr, low standard bicarbonate, and
low CRP at admission. Also, high potassium was associ-
ated with better kidney recovery (at least a 50% decrease
in sCr) but not with in-hospital mortality.

Previous retrospective and observational studies have
shown that acute hyperkalemia is associated with more
severe forms of AKI and with higher mortality [19, 25,
27]. Our findings support studies indicating hyperkale-
mia being an early sign of AKI, as well as being an indica-
tor of severity, especially in combination with other risk
factors such as high age and acidosis. Moreover, hypoka-
lemia is common in mild to moderate AKI and needs to
be explored more in relation to the severity and outcomes
of AKI.

In the present study, 82% of patients with AKI had hy-
poalbuminemia at admission, being most common in pa-
tients with renal AKI, and associated with signs of acute
inflammation. Hypoalbuminemia in AKI and CKD may
be a consequence of albuminuria, malnutrition, or in-
flammation and is associated with an increased mortality
risk [28-31]. Albuminuria is associated with an increased
risk of long-term progression of kidney failure, cardio-
vascular complications, and mortality in CKD [32, 33].
Metabolic acidosis is frequently observed both in patients
with AKI and CKD and is linked to protein-energy mal-
nutrition and inflammation, often designated the malnu-
trition inflammation complex syndrome (MICS), which
relates to the risk of mortality in CKD [29, 34, 35]. These
complex relationships have been less studied in patients
with AKI, but some reports have shown that hypoalbu-
minemia, inflammation and malnutrition are risk factors
for mortality also in AKI [30, 36-38]. In the present study,
these modifiable parameters are associated separately and
in combination with length of stay and short-term out-
comes (partial kidney recovery and in-hospital mortali-
ty), indicating that early focused therapeutic measures
may result in positive short-term effects. These issues
warrant future prospective investigations.

In-hospital mortality was low in patients with AKI
stages 1-2 in the present study. Patients who died had
lower blood pressure, lower hemoglobin, and plasma al-
bumin than those who survived, indicating cardiovascu-
lar instability at admission. This has similarly been dem-
onstrated in other cohorts with severe AKI [38-40], but
not so much in AKI patients treated ata nephrology ward.
Furthermore, AKI patients with more laboratory signs of
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malnutrition, inflammation, and acidosis had a higher
risk of in-hospital mortality in our study, which accords
with long-term outcomes in patients with CKD.

Treatment targets in AKI focus on reducing the risk of
acute hemodynamic and infectious complications and to
restore kidney function and reduce in-hospital mortality.
In the present study, patients with a 30-50% reduction in
sCr in hospital were mostly in the prerenal and postrenal
AKI groups. Factors associated with improved kidney re-
covery in the hospital included laboratory signs of hemo-
concentration and inflammation at admission in combi-
nation with a low ACR. The latter observation is a new
finding and accords with the clinical interpretation of pa-
tient signs and symptoms.

The present study has several strengths. The careful
design of the SAKIS study protocol enabled the identifi-
cation and enrollment of all patients fulfilling the KDIGO
AKIT criteria in a large, regional hospital. Furthermore,
clinical and laboratory data were collected according to
prespecified systematic protocols, enabling the integra-
tion of complex laboratory findings in the analyses. Al-
most all patients underwent a kidney ultrasound. Classi-
fication of etiology, AKI type, and severity were made by
senior nephrology consultants unaware of the study hy-
pothesis. We present detailed integrated laboratory data
focusing on determinants of in-hospital outcomes and
features that influence recovery of kidney function, in-
hospital mortality, and the occurrence of hypo- and hy-
perkalemia in patients with AKI in a nephrology ward.
This comprehensive “real world data” provides novel, ex-
tensive information on each patient and, as such, be-
comes unique and representative as opposed to limited
and more commonly used register data.

The study has limitations. We do not have information
on whether patients have had previous AKI episodes.
Also, we lack detailed information on patients’ symp-
toms, urine volume status, and medication at admittance,
as well as changes in prescriptions during hospital stay.
Presently, we do not have information on long-term out-
comes, but such data are currently collected and will later
be described.

In conclusion, factors related to anemia, albuminuria,
malnutrition, inflammation, and acidosis separately and
in combination are associated with short-term recovery
of kidney function, disturbances in potassium homeosta-
sis, and in-hospital mortality in patients with AKI at a
nephrology ward. Future studies are warranted to analyze
the long-term consequences in terms of risk of kidney
failure, cardiovascular morbidity, and mortality.
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