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Objectives : This study aimed to classify intensive care unit (ICU) patients who developed acute
kidney injury (AKI) into clusters based on serum creatinine trajectories and clinical characteristics,
and to assess differences in outcomes across clusters.

Methods : In this retrospective cohort study using the Medical Information Mart for Intensive Care
IV (MIMIC-1V) database, ICU patients who developed AKI (defined per KDIGO criteria) were included.
Patients with end-stage kidney disease or prior kidney replacement therapy (KRT) were excluded. We
collected creatinine measurements (7 days prior, 4 days after AKI onset), demographics, vital signs,
comorbidities, nephrotoxin and vasopressor use, sepsis, cardiac surgery history, and laboratory
results. Missing data were imputed using multiple imputation and linear interpolation. Clusters were
generated via deep learning-based autoencoders and Deep Embedded K-Means clustering. The
optimal number of clusters was selected using the Davies-Bouldin index. Clinical outcomes, including
mortality and KRT initiation at 7, 14, and 30 days post-AKI, were compared across clusters.

Results : A total of 30,096 ICU patients with AKI were included, and ten clusters were identified.
Baseline creatinine differed significantly among clusters (p<0.001), highest in cluster 6 (2.90 + 2.62
mg/dL) and lowest in cluster 2 (1.43 + 1.10 mg/dL). Nephrotoxic medication use was highest in
cluster 7 (46.8%) and lowest in cluster 8 (15.1%). Sepsis incidence was highest in cluster 5 (85.4%)
and lowest in cluster 1 (14.1%). Regarding creatinine trajectories, clusters 5 and 7 exhibited abrupt
elevations, while other clusters showed gradual increases. Clinical outcomes varied significantly across
clusters (all p<0.001). The 7-day mortality rate was highest in cluster 3 (2.44%), followed by cluster
6 (0.53%), while the 7-day KRT initiation rate was highest in cluster 7 (25.00%), followed by cluster
8 (3.45%).

Conclusions : Deep learning-based clustering identified clinically distinct AKI subtypes, which may
facilitate future AKI risk stratification, biomarker discovery, and mechanistic research.
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Table 1. Baseline characteristics of clusters

Total Cluster  Cluster2 _ Cluster _ Cluster 4 Cluster Cluster 8 Cluster
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(534%)  (46.00%)  (60.13%)  (S9.67%)  (43.75%) %) (@391%)  (©371%)  (5200%)  (5337%)  (@525%) 1
6445+ 6460+ 6321+ 6635+ 5889+ 5454+ 6704+ 5660+  644l: 6258+ 5899+ <000
Age (vears) 1633 16.58 16.58 1538 17.19 15.06 1 17.54 16.54 1597 1725 1
Weight (Kg) $246+ 8123+ 8433+ 8268+ 8093+ 8560+ 8570+ 8408+ 8381+ 8275+ 8224+ <000
1673 14.96 18.37 16.56 14.85 2183 2226 2134 1935 17.95 2063 1
S (umBg) 8840+ 9034+ 8470+ 8808+ 9078+ 7929+ 8342+ 7983+ 8989+ 8764+ 89004  <0.00
12.31 10.82 14.23 11.87 11.23 23.08 13.93 21.61 12.32 13.18 12.39 1
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Baseline creatinine 1.57 4 143 4 1.60 + 144+ 290 + 1.58 + 144+ 1.50 & <0.00
(mg/dL) 161131 121 1.10 116 117 1474140 262 1734142 121 120 117 1
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Lactate (mg/dL) 2000168 o s o B sa2eam G0 sasiam e o !
Total  bilirubin 102+ 239+ 1 096 493+ 139+ 184+ L4 <000
(mg/dL) 1665352 196 3.69 327 237 AGs=A 933 25+ 225 2.63 1.69 1
AT UL 1765+ 42054 347384 36884 53104 5750824 3658+ 311380+ 8086+ 23203+ 9614+ <000
T () 48834 12833 38530 3310 6647 3947.92 3236 216636 13534 55670 134.60 1
AST(UL) 18255+ 5101+ 53385+ 5399+ 6941+ 1178675+ 5151+ 501825+ 10922+ 26980+ 14251+  <0.00
793.53 67.42 519.56 5213 109.39 431767 5155 1184.48 1985 26322 20175 1
37814 34841 3962+ 34814 3528+ 16194 8068+ 3951+ 3700+ 3707+ 37704 <0.00
APTT (sec) 18.69 12.11 2020 991 13.09 2646 4364 15.85 15.83 1523 18.73 1
PTINR 1s30gs TS Y v Ly ameam MBS assiia0 TS v LoL 0w
. 868+ 7294 829+ 867+ 850+ 854+ 798+ 858+ <000
Calciom (mgiat) 8334170 508 o 2 o Tese17s S qasi20 s o v !
Platelet (oL 2082+ 26915+ 16719+ 13409+ 48271+ 13754+ 13957+ 12662+ 21426+ 20142+ 36656+ <000
1791 4747 6522 4535 126.11 8654 6533 7323 3971 7621 3793 1
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Anion gap 15304 4.26 1520+ 16.41 + 1419+ 16.21 + 23.40 4 6.60 17.58 + 2102+ 1522+ 1572+ 16.48 + <0.00
(mmol/L) 3044 390 483 3.66 454 40+ 64 503 686 378 440 408 1
) 10137+ 10077+ 10211+ 10246+ 9923+ 10030+ 10063+  10145% 10100+  10188% 9927+ <000
Chloride (mmol/L) 621 602 608 597 647 649 746 656 587 589 617 1
13742+ 137464 137734 13769+ 13614+ 138164 13671+ 13794+ 13749+ 13758+ 13616+ <000
Sodium (mmoUL) 5.09 495 5.03 5.02 507 578 6.53 528 462 5.08 481 1
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Potassium 4391 4524 4334 449+ 4524 4394 4514 450+ <000
(mmol/L) AALL0T6 - g7s 080 0.68 0.84 A68L102 g 4S80 o 0.2 087 1
BUN (mgldL) 3440+ 244+ 3278+ 362+ 2879+ 342+ 7106+ 3934+ BYIL 34T+ 3252+ <000
o/ 2301 2098 2080 18.61 2096 2044 3975 284 2151 2118 2682 1
Norepinephrine 553 726 926 163 287 66 6 19 20 <0.00
(%) BIOOCH  (539%)  (676%)  ©05%)  ©21%) VO ooy 323%) (576%)  (1067%)  (9.05%) 1
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Nephrotoxin 6376 1740 1068 2126 Y ) 58 181 38 59 <0.00
medication (%) @12%)  (1697%) (465%) (21.89%)  (25.84%) T agssw)  @671%)  (1S.01%)  @135%)  (2670%) 1
Chronle i 7574 2742 1021 2346 651 saesse 3 34 320 37 61 <0.00
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Chronic  kidney 9655 3202 1156 3562 00 g rosy 6B 17 401 47 61 <0.00
disease (%) (G21%)  (123%)  (669%) (36.68%)  (19.05%) IR (s0m%)  (1371%)  (347%)  (2640%)  (1.60%) |
) 14618 5209 2194 4548 1262 . 534 57 603 89 95 <0.00
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Congestive  heart 10464 3586 1438 3480 R a 459 53 s8 <0.00
failure (%) (48%)  (3497%)  (3319%)  (35.84%)  (23.89%) (5059%)  (3306%)  (3831%)  (978%)  (2624%) 1
Cerebrovascular 1016 386 982 1 125 124 17 <0.00
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disease (%) (146%)  (143%)  (1694%)  (2081%)  (6.90%) ) Grssw)  (588T%)  (860%)  (10.1%)  (950%) 1
1423 4124 1514 3632 868 605 28 489 53 87 <0.00
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SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase; aP T, activated partial in time; PTINR, in time

international normalized ratio; WBC, white blood cell; BUN, blood urea nitrogen.
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Figure 3. Creatinine trajectory
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Figure 4. Outcomes
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