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Abstract

Background:

The severity and course of sepsis-associated acute kidney injury (SA-AKI) are correlated with
the mortality rate. Early detection of SA-AKI subphenotypes might facilitate the rapid
provision of individualized care.

Patients and methods:

In this post-hoc analysis of a multicenter prospective study, we combined conventional kidney
function variables with serial measurements of urine (tissue inhibitor of metalloproteinase-2
[TIMP-2])* (insulin-like growth factor-binding protein [IGFBP7]) at 0, 6, 12, and 24 h) and
then using an unsupervised hierarchical clustering of principal components (HCPC) approach
to identify different phenotypes of SA-AKI. We then compared the subphenotypes with
regard to a composite outcome of in-hospital death or the initiation of renal replacement
therapy (RRT).

Results:

We included 184 patients presenting SA-AKI within 6 h of the initiation of catecholamines.
Three distinct subphenotypes were identified: subphenotype A (99 patients) was characterized
by a normal urine output (UO), a low SCr and a low [TIMP-2]*[IGFBP7] level; subphenotype
B (74 patients) was characterized by existing chronic kidney disease (CKD), a higher SCr, a
low UO, and an intermediate [TIMP-2]*[IGFBP7] level, and subphenotype C was
characterized by very low UO, a very high [TIMP-2]*[IGFBP7] level, and an intermediate
SCr level. With subphenotype A as the reference, the adjusted hazard ratio (aHR) [95%CI] for
the composite outcome was 3.77 [1.92-7.42] (p < 0.001) for subphenotype B and 4.80 [1.67-
13.82] (p = 0.004) for subphenotype C.

Conclusions:
Combining conventional kidney function variables with urine measurements of [TIMP-
2]*[IGFBP7] might help to identify distinct SA-AKI subphenotypes with different short-term

courses and survival rates.

CONTACT

Dimitri Titeca-Beauport titeca.dimitri@chu-amiens.fr Medical intensive Care unit, Amiens
university Hospital, F-80054 Amiens, France.



Background

Sepsis-associated acute kidney injury (SA-AKI) is the leading cause of AKI in the intensive
care unit and is associated with a higher mortality rate than other types of AKI [1-4].
According to the Kidney Disease Improving Global Outcome (KDIGO) initiative, the
definition of AKI is based on an increase in the serum creatinine (SCr) level and/or a decrease
in urine output (UO) [5]. However, an approach based solely on trends in functional variables
might not be sufficient for the accurate categorization of patients. Recent research results have
shown that serial measurements of urine levels of cell cycle arrest biomarkers (tissue inhibitor
of metalloproteinase-2 [TIMP-2] and insulin-like growth factor-binding protein [IGFBP7]),
mostly secreted by tubule epithelial cells) might help to stratify patients with regard to short-
term changes in kidney function, the need for renal replacement therapy (RRT), and survival
in septic shock [6-8] and was recently used to guide a therapeutic intervention for preventing
AKI progression [9,10]. On the same lines, an expert panel from the Acute Dialysis Quality
Initiative has suggested that combining kidney stress/damage biomarkers with Kkidney
function variables might help to better characterize AKI and enable physicians to provide
individualized care as soon as possible [11].

The objective of the present prospective cohort study was, therefore, to determine whether or
not the combination of serial measurements of urine cell cycle arrest biomarker levels and
conventional kidney function variables available within 24 h of the diagnosis of septic shock-
associated AKI could distinguish between the various subphenotypes of patients.

Patients and methods

We performed a post-hoc analysis of data from the multicenter, prospective AKI-CHECK
study [12] conducted between September 2015 and April 2017, in which 184 patients
presented with septic shock [13,14] and were diagnosed with AKI within 6 h of the initiation
of catecholamine treatment. The objective of the AKI-CHECK study was to determine
whether or not urine levels of [TIMP-2]*[IGFBP7] could rapidly distinguish between
transient AKI and persistent AKI in septic shock. The main exclusion criteria were severe
chronic kidney disease (CKD, defined as an estimated glomerular filtration rate (eGFR) <30
mL/min per 1.73 m2), obstructive AKI, Child C cirrhosis, a previous episode of AKI during
the current hospital stay, kidney transplantation, and cardiocirculatory arrest. In view of the
study’s primary objective, patients presenting anuria or having received emergency RRT on
admission were not included. The study protocol was approved by an independent ethics
committee (CPP Nord Ouest Il, Amiens, France: reference: 2015-A01392-47). Patients and
their surrogates were informed of the study’s objectives and procedures and consented to
participation. The present post-hoc analysis was registered with the French National Data
Protection Commission (Commission Nationale de 1’Informatique et des Libertés, Paris,
France: registration number: P12022_843_0068).



Objectives

The primary objective of the present analysis was to evaluate whether the combination of
serial measurements of urine levels of cell cycle arrest biomarkers and standard kidney
function variables over the first 24 h following the initiation of catecholamine treatment could
distinguish between SA-AKI subphenotypes. The secondary objective was to com-pare the
subphenotypes with regard to a composite out-come of in-hospital death or the initiation of
RRT.

Data

Demographic and clinical data (age, sex, comorbidities, admission pathway, and the etiology
of sepsis) were recorded, together with details of how the septic shock was managed (the
course of the septic shock, the stroke volume over the first 24 h, and the norepinephrine dose
[every 6 h]) over the first 24 h. The severity of illness was estimated using the Simplified
Acute Physiology Score (SAPS 2) [15] and the Sequential Organ Failure Assessment (SOFA)
score [16] on inclusion. Recovery from AKI was defined as a decrease of at least one KDIGO
stage over 3 d of follow-up. Patients who initiated RRT within this time period were
considered to have developed persistent AKI.

Statistical analysis
Clustering

We selected 12 candidate variables, based on their association with conventionally defined
AKI and the KDIGO stage: the pre-admission SCr and e-GFR (calculated according to the
Modification of Diet in Renal Disease [MDRD] formula), blood urea nitrogen at 0 h; SCr at 0
h and 24 h; and the weight-corrected UO at 0, 6, 12, and 24 h (measured with a bladder
catheter). The urine [TIMP-2]*[IGFBP7] value at 0, 6, 12, and 24 h was calculated
automatically for a 100 mL sample of thawed urine, as described previously [12]. The product
of the two biomarker concentrations was divided by 1000, to yield a risk value ranging from
0.02 to 135 (ng/mL)?/1000.

Clusters were built using an unsupervised, two-step hierarchical clustering of principal
components (HCPC) approach: a principal component analysis (PCA) was followed by a
hierarchical clustering analysis using Euclidean distance measurements with Ward’s criterion.
The use of a PCA was notably justified by the fact that all the continuous variables were
reduced to a smaller number of principal components, which reduce the noise in the
classification. Through scaling, this method balances the influence of all the continuous
variables. The optimal number of clusters was determined by the major-ity rule in NbClust in
R: the number of clusters indicated by the majority of the 25 indices is deemed to be the best
fit. Over- or under-representations of variables in each group were assessed in a v-test within
the HCPC function. The PCA and HCPC analysis were performed using the corresponding
functions in the FactoMineR package 2.4 in R (version 4.0.5).

Continuous variables were expressed as the median (inter-quartile range [IQR]), and
categorical variables were expressed as the frequency (percentage). Groups were compared



using the Kruskal-Wallis rank sum test, Fisher’s exact test, or Pearson’s chi-squared test, as
appropriate. The survival rates in each group (i.e., no RRT initiation or in-hospital death)
were estimated using the Kaplan—Meier method and com-pared using two-sided log-rank
tests. The adjusted survey function (adjusted curves package) in R software was used to
estimate the adjusted survival rate, using direct standardization or G-computation [17]. After
group membership had been determined in an ordinal model with the cluster indicator
variable as the dependent variable, the diagnostic performance in each cluster was estimated
by calculation of the volume under an r-dimensional surface (VUS) and its 95% confidence
interval (CI) [18]. Predictive performances were estimated by the C-statistic, together with its
95% CI.

Results

Overall, 184 patients (median [IQR] age: 69 [58—79]) with septic-shock-associated AKI were
included in the analysis (Table 1). The primary etiology/site of sepsis was a lung infection.
One hundred and twelve patients (60.8%) were transferred from an emergency department or
admitted directly to the intensive care unit.

Identification of subphenotypes

An analysis of the indices’ frequency showed that the optimal number of distinct
subphenotypes was three (Supplemental Figure 1). The hierarchical clustering dendrogram is
shown in Figure 1(a), and the factor map with individuals in clusters is shown in Figure 1(b).

Comparison of the subphenotypes

The three subphenotypes did not differ significantly with regard to the admission pathway or
the etiology of the sepsis (Table 1). Vtest graphs revealed the various candidate variables that
differed significantly for the subphenotypes, when compared with the study population as a
whole (Figure 2). Comparative data on the SCr level, UO, and [TIMP-2]*[IGFBP7] level in
the various sub-phenotypes are shown in Supplemental Figure 2.

The subphenotype A group comprised 99 (53.8%) patients and was characterized by less
severe AKI at admission (stage 1 AKI in 66% of the patients). Compared with the study
population as a whole, subphenotype A patients presented a higher UO (median [IQR]: 1.21
[0.58-2.92] mL/Kkg), a lower urine [TIMP-2]*[IGFBP7] level (median [IQR]: 0.75 [0.18-
1.87] (ng/mL)2/1000 and a lower SCr level (median [IQR] 118: [93— 150] umol/L) on
inclusion. Overall, these patients were less severely ill, as indicated by a lower lactate level or
a lower SOFA score on inclusion. During the first 24 h, only one patient initiated RRT, and
kidney function normalized in 52 (54%) patients.

The subphenotype B group comprised 74 (40.2%) patients. This group had the highest
prevalence of CKD and the worst kidney function, with a high SCr level (median [IQR]: 216
[170, 281] umo/L) and a low UO (median [IQR]: 0.56 [0.24-1.20] mL/kg/h). The absolute
urine [TIMP-2]*[IGFBP7] values and the changes in these values did not distinguish the
subphenotype B group from the study population as a whole (Figure 2). Relative to



subphenotype A, patients with subphenotype B had a similar non-renal SOFA score at
inclusion but received a higher dose of norepinephrine and a greater volume of fluids over the
first 24 h. Over the first 24 h, kidney function normalized in seven (9.4%) patients, and RRT
was initiated in 14 (19%).

The subphenotype C group comprised 11 (6%) patients characterized by a very low UO and a
very high urine [TIMP-2]*[IGFBP7] level (median [IQR]: 6.37 [4.19-14.80] (ng/mL)2/1000).
The SCr and the blood urea nitrogen level on admission did not differ significantly from the
values in the study population as a whole (Figure 2). Subphenotype C patients were more
severely ill, with a median [IQR] nonrenal SOFA score of 11 [9-12]. Over the first 24 h, urine
[TIMP-2]*[IGFBP7] levels remain very high, and most of the subphenotype C patients
presented a rapid worsening of kidney function and persistent oliguria. These patients were
the most severely ill, with a higher lactate level and a higher non-renal SOFA score at
inclusion. Over the first 24 h, these patients received a greater volume of fluids and a higher
dose of norepinephrine. Seven (78%) patients developed stage 3 AKI, and RRT was initiated
in three (27%) of the latter.

The short-term outcome

Within the first three days, 83 (84%), 30 (40%) and two (18%) patients in the subphenotype
A, B and C groups presented a partial recovery (a decrement of at least one KDIGO stage) or
a complete recovery of kidney function (p < 0.001). Within the first 7 d, RRT was initiated in
four (4%), 27 (36%) and three (27%) patients in the subphenotype A, B, and C groups,
respectively (p < 0.001). The proportions of patients with reversible AKI, RRT initiation and
in-hospital death in the different subphenotype groups are shown in Figure 3.

The unadjusted RRT-free survival curve is shown in Figure 4. The crude 7-d RRT-free
survival rate [95% CI] was, respectively, 91% [85-97], 50% [39-62], and 27% [10-72] for
sub-phenotypes A, B, and C. After adjustment for confounding factors (age, renin—
angiotensin system inhibitors, non-renal SOFA score at inclusion, lactate at inclusion, SAPS
I1, dobutamine support over the first 24 h, and fluid administered over the first 24 h), the 7-d
RRT-free survival rate [95%CI] was, respectively, 85% [77-94], 59% [50-70], and 56% [34—
79] for subphenotypes A, B, and C. The adjusted RRT-free survival curve is shown in Figure
5. With subphenotype A as the reference, the adjusted hazard ratio (aHR) [95%CI] for the
composite outcome (in-hospital death or RRT initiation) was 3.77 [1.92-7.42] (p < 0.001) for
subphenotype B and 4.80 [1.67— 13.82] (p = 0.004) for subphenotype C.

Respectively 24 (24%), 35 (47%) and nine (82%) patients in the subphenotype A, B, and C
groups died during the hospital stay (p < 0.001). With subphenotype A as the reference and
after adjustment for confounding factors, the aHR for in-hospital death was 2.07 [0.97— 4.41]
(p = 0.058) for subphenotype B and 3.96 [1.37— 11.49] (p = 0.01) for subphenotype C
(Supplemental Figure 2).



Table 1. Characteristics of the study population.

Total cohort
Characteristics (n=184) Subphenotype A (n=99) Subphenotype B (n=74) Subphenotype C (n=11) 4p Value
Age (years) 69 [58-79] 67 [55- 77] 72 [62- 82] 63 [53-71] 0.024
Male sex 122 (66) 65 (66) 50 (68) 7 (64) >09
Comorbidities
Hypertension 93 (66) 42 (42) 45 (61) 6 (55) 0.1
Diabetes mellitus 51 (28) 24 (24) 25 (34) 2(18) 03
NYHA class IV chronic heart 15 (8) 7@ 8 (11) 0(0) 05
failure
Stage 3 chronic kidney disease 27 (15) 3(3) 23 (31) 1(9) <0.001
Prior e-GFR (mL/min per 1.73 m?) 77 [72- 98] 86 [76— 118] 73 [52- 78] 77 [69-122] <0.001
Renin-angiotensin system inhibitor 67 (37) 29 (30) 37 (50) 1(9.1) 0.003
Chemotherapy 25 (14) 16 (16) 709 2 (18) 04
Source of admission to the ICU 04
The emergency department 82 (45) 44 (44) 31 (42) 7 (64)
Direct admission to the ICU 30 (16) 19 (19) 10 (13) 109
A hospital ward 48 (26) 26 (26) 19 (26) 3(27)
Transfer from another hospital 24 (13) 10 (10) 14 (19) 0
Etiology/site of sepsis
Admission for a nonsurgical 168 (91) 94 (95) 64 (86) 10 (91) 0.13
condition
Lung 105 (57) 63 (64) 36 (49) 6 (55) 0.14
Urinary tract 22 (12) 11 (1) 9(12) 2 (18) 08
Abdomen 37 (20) 16 (16) 18 (24) 3(27) 03
Soft tissue 15 (8) 7@ 709 109 0.7
Documented pathogen 112 (61) 54 (55) 51 (69) 7 (64) 0.14
Organ failure
Lactate concentration on inclusion 2.00 [1.40-3.50] 1.90 [1.35-2.90] 2.50 [1.50-3.90] 4.10 [2.60-6.80] 0.009
(mmol/L)
SOFA score at inclusion 10 [8-12] 9 [7-11] 11 [9-12] 13 [11-16] <0.001
Nonrenal SOFA score 8 [7-10] 8 [6-10] 8 [7-10] 11 [9-12] 0.014
SAPS Il 55 [42-69] 48 [39-61] 60 [50-75] 64 [48-79] <0.001
Mechanical ventilation 101 (55) 53 (54) 44 (59) 4 (36) 03
Norepinephrine dose (ug/kg/min) at 0h 037 [0.20-0.75] 0.33 [0.20-0.68] 0.41 [0.18-0.70] 0.45 [0.20-2.00] 04
Dobutamine support over the first 17 (9.2) 5(5 9(12) 327 0.031
24h
Fluid administered over the first 24h 31 [15-52] 25 [14-45] 36 [17-59] 68 [32-80] 0.006
{ml/kg)
Kidney function on inclusion
Serum creatinine level (umol/L) 150 [112-216] 118 [93-150] 216 [170-281] 127 [108-189] <0.001
Serum blood urea nitrogen (mmol/L) 14 [9-19] 11 [8-15] 19 [14-25] 14 [10-15] <0.001
Urine output (mL/kg) 0.86 [0.39-1.90] 1.21 [0.58-2.92] 0.56 [0.24-1.20] 0.30 [0.16-0.49] <0.001
[TIMP-2]*[IGFBP7] at Oh ([ng/ 1.26 [0.26-4.00] 0.75 [0.18-1.87] 2.11 [0.41-5.89] 6.37 [4.19-14.80] <0.001
mL}%/1000)
KDIGO status <0.001
Stage 1 AKI (mild) 94 (51) 65 (66) 25 (34) 4 (36)
Stage 2 AKI (moderate) 55 (30) 26 (26) 22 (30) 7 (64)
Stage 3 AKI (severe) 35 (19) 8 (8.1) 27 (36) 0(0)
Urine variables at 6h
Urine output (mi/kg/h) 0.59 [0.27-1.09] 0.86 [0.54-1.74] 0.33 [0.20-0.68] 0.25 [0.09-0.31] <0.001
[TIMP-2]*[IGFBP7] ([ng/mL}*/1000) 0.71 [0.22-2.86] 037 [0.11-1.34] 1.43 [0.41-4.32] 13.80 [9.28-31.34] <0.001
Urine variables at 12h
Urine output (mi/kg/h) 0.68 [0.35-1.27] 0.96 [0.61-1.54] 0.40 [0.17- 0.86] 0.20 [0.05-0.36] <0.001
[TIMP-2]*[IGFBP7] ([ng/mL}%/1000) 0.50 [0.19-1.59] 0.29 [0.12-0.82] 0.82 [0.28-2.08] 1045 [3.88-1961] <0.001
Kidney function at 24h
Urine output (mi/kg/h) 0.72 [0.34-1.32] 1.06 [0.64-1.82] 0.47 [0.20-0.97] 0.05 [0.00-0.26] <0.001
[TIMP-2]*[IGFBP7] ([ng/mL}%/1000) 0.46 [0.16-1.18] 0.34 [0.13-0.99] 0.52 [0.22-1.20] 11.27 [5.28-22.05] <0.001
Serum creatinine level (umol/L)* 123 [88-181] 88 [72-115] 183 [156-255] 189 [159-228] <0.001
KDIGO status <0.001
Complete recovery 57 32) 52 (54) 5@ 0 (0)
Stage 1 AKI (mild) 47 (27) 28 (29) 18 (26) 1(11)
Stage 2 AKI (moderate) 31 (18) 14 (14) 16 (23) 1(11)
Stage 3 AKI (severe) 41 (23) 3(3) 31 (44) 7 (78)
Initiation of RRT within the first 24h 19 (10) (1 14 (19) 3(27) <0.001
Outcome
Death related to the initial septic 45 (24) 13 (13) 25 (34) 7 (63) <0.001
shock
In-hospital death 68 (37) 24 (24) 35 (47) 9 (82) <0.001

Data are quoted as the median [interquartile range] or n ().

*Kruskal-Wallis rank sum test; Fisher's exact test; Pearson’s chi-squared test.

AKI: acute kidney injury; eGFR: estimated glomerular filtration rate; NYHA: New York Heart Association; RRT, renal replacement therapy; SOFA: Sequential
Organ Failure Assessment; SAPS II: Simplified Acute Physiology Score.

*Kruskal-Wallis rank sum test; Fisher’s exact test; Pearson’s chi-squared test.

*Excluding patients on renal replacement therapy at 24h.

The biomarker’s contribution to diagnostic and predictive performances

To estimate the biomarker’s contribution to the classification process, we built another three
clusters by using all the same variables other than the biomarker. Diagnostic performances
were significantly better when the urine [TIMP-2]*[IGFBP7] values were integrated into the



cluster-building process (VUS [95%CI]: 0.83 [0.75 — 0.91]), compared with the same process
without the urine [TIMP-2]*[IGFBP7] values (VUS [95%CI]: 0.55 [0.38 — 0.71]). Including
the urine [TIMP-2]*[IGFBP7] values also improved (albeit slightly) the cluster’s predictive
performance (Supplemental Table 1).

Discussion

Most patients with septic shock have AKI at the time of diagnosis [4, 19, 20]. In this
population, the severity and course of AKI are correlated with mortality, early recovery of
kidney function is associated with a better prognosis, and the progression of AKI is associated
with a lower survival rate [20, 21]. Early identification of patients with different AKI courses
might enable individualized management and also better stratification in clinical trials of
kidney-targeted therapies. In this study, we used an unsupervised clustering approach that
combined kidney function variables and serial measurements of urine levels of an established
kidney stress/damage bio-marker. We identified three SA-AKI subphenotypes with different
trajectories and short-term survival rates.

Subphenotype A (with a normal UO, a low SCr, a low urine [TIMP-2]*[IGFBP7] level, and a
rapid improvement in kidney function) corresponds to a low likelihood of death or RRT
initiation. Even though subphenotype B and subphenotype A had similar nonrenal SOFA
scores, AKI was more severe and more persistent in subphenotype B patients; this led to
higher RRT initiation rate and a greater likelihood of death. Subphenotype B patients might
have been more susceptibility to the development of AKI — perhaps (at least in part) because
of a higher baseline prevalence of conventional AKI risk factors (such as older age,
underlying CKD, and previous exposure to renin—-angiotensin system inhibitors [22—25].

The small number of subphenotype C patients were characterized clinically by early-onset,
severe oliguria but a relatively moderate elevation of SCr; this illustrates the limits of SCr-
based estimations of AKI severity in patients receiving large amounts of intravenous fluids
[26]. There is a well-characterized association between the magnitude and duration of oliguria
on one hand and the progression of SA-AKI on the other [27, 28]. However, oliguria was also
com-mon in subphenotype B and, to a lesser extent, in subphenotype A (Supplemental Figure
2). This finding suggests that oliguria was influenced by different disease mechanisms, such
as hypotension and hypovolemia [29, 30]. The particularly high, sustained urine level of
[TIMP-2]*[IGFBP7] distinguished subphenotype C from the other patients with oliguria. This
elevated level might reflect very intense, pro-longed kidney stress/damage as a result of more
severe ill-ness (reflected by a higher lactate level or a higher SOFA score), especially as
baseline risk factors for AKI were infrequent in this group. This hypothesis is also supported
by recent data showing that patients presenting greater endothelial dysfunction and a more
intense inflammatory response are less likely to recover from SA-AKI in the short term [31-
33]. Subphenotype C had a significantly higher risk of early death (relative to phenotype A)
and so could be categorized as “high risk”. Similarly, Molinari et al.’s ancillary analysis of the
ProCESS study showed that with the same degree of AKI severity, a urine [TIMP-
2]*[IGFBP7] level above 2.0 (ng/mL)2/1000 (the high-specificity cutoff for predicting AKI
progression) was associated with a lower 30-d survival rate [34]. Only continuous variables



were included in this study; we reasoned that including a classification variable (the KDIGO
stage, for example) or a predefined cutoff value would bias the cluster-building process. Our
results suggest that a sustained, very high urine level of [TIMP-2]*[IGFBP7] is a potent
warning sign of AKI progression and early death, as previously suggested by the Sapphire
investigators [35].
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Figure 1. Cluster identification. The upper figure shows the hierarchical clustering dendrogram with three clusters. The lower figure shows the factor map
from the principal component analysis. Each individual is represented by label, depending on the cluster: a green circle (subphenotype A), a blue triangle
(subphentopye B), or a red square (subphenotype C).
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Figure 2. Vtest graph, showing the variables that contribute to the different subphenotypes. The Vtest graph characterizes the groups in terms of the
variables whose average is lower or higher than in the total sample. Each bar represents the distance (in multiples of the standard deviation) between the
within-class mean value and the total cohort mean value. TIMP-2: tissue inhibitor of metalloproteinases-2; IGFBP-7: insulin-like growth factor-binding pro-
tein 7; SCr: serum creatinine; eGFR: estimated glomerular filtration rate.
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Figure 3. Proportions of patients with in-hospital death, renal replacement therapy initiation, and reversible AKI in the different subphenotype groups.
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the adjusted hazard ratio (aHR) [95%(l] for the composite In-hospital survival was 3.77 [1.92-7.42] (p < 0.001) for subphenotype B and 4.80 [1.67-13.82)
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dobutamine support over the first 24h, and fluld administered over the first 24h.

To the best of our knowledge, this study is the first to have combined functional variables
with a clinically available bio-marker in a clustering approach [36]. Urine [TIMP-
2]*[IGFBPT] is the best-studied biomarker in AKI. Even the individual perfor-mances of this
biomarker did not improve prediction of persistent AKI in AKI-CHECK, other studies
(including some conducted by our group) showed good levels of performance for predicting
progression to severe AKI in various settings — including sepsis. In our cluster-building
process, adding urine [TIMP-2]*[IGFBP7] improved the overall precision of classification
and notably helped to discriminate between patients with seemingly similar AKI stages (based
on the KDIGO criteria) but potentially different trajectories and prognoses, depending on the
cluster to which they belonged. We identified various SA-AKI profiles with potentially
different underlying disease mechanisms and outcomes, such as greater susceptibility to
kidney damage in subphenotype B and more intense kidney damage in subphenotype C. The
subphenotype was still associated with major adverse kidney events (RRT and in-hospital
death) after adjustment for variables reflecting extrarenal organ dysfunction, such as the
SOFA score and the SAPS-II. Sepsis is nevertheless a complex condition, and kidney-
function-limited subphenotypes might not wholly reflect all the various organ dysfunction
pat-terns involved in the patient’s prognosis [37, 38].0ur study had several limitations. First,
it was an unplanned analysis of previously collected data. Second, our study population was



relatively small. This might have limited our ability to detect differences in survival rates in
the subphenotype B in the adjusted analysis. Third, the fact that the study population
presented AKI within 6 h of the diagnosis of septic shock (i.e., with the exclusion of those
who developed AKI later than that) limits the generalizability of our results. Given the
difficulty in determining the onset of sepsis and the resulting AKI, it is impossible to estimate
the time window between the onset of kidney injury and the diagnosis of AKI. This time
window probably affects the values and time course of the functional variables and the
biomarker in our population. Although a full description of change in kidney function was not
avail-able after day 3, most patients who recover from AKI do so within 3 d [39]. TIMP-2 and
IGFBP7 assays are not available in all hospitals, which limit the use of our clustering
approach in routine clinical practice. Lastly, the study results were not validated externally in
another cohort.

In conclusion, we identified three distinct SA-AKI subphenotypes (with different short-term
trajectory and survival rates) by combining conventional kidney function indicators with urine
measurements of a cell-cycle arrest biomarker. This approach might be useful for better-
stratifying patients in the early phases of septic shock but needs to be confirmed in a larger,
independent cohort.
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