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Objective: The serum lactate/albumin ratio (LAR) can be used to independently predict
mortality due to sepsis. However, whether the LAR predicts the outcomes of critically ill
patients with acute kidney injury (AKI) remains unclear. This study was performed to assess
the prognostic value of the LAR in critically ill AKI patients.

Methods: This retrospective observational study enrolled AKI patients, and all data were
collected through the eICU Collaborative Research Database. Outcomes included in-hospital
and intensive care unit (ICU) death. Multivariate Cox regression analysis was used to
determine independent risk factors. Forest plots and smoothing curves were generated. A
series of subgroup analyses were performed to further validate the robustness of the findings.
Results: A total of 4666 eligible patients were enrolled. We divided the participants into four
groups according to the LAR: quartile (Q)1 (LAR <0.46, n=1167), Q2 (0.46 <LAR <0.79,
n = 1162), Q3 (0.79 < LAR < 1.49, n = 1170), and Q4 (LAR > 1.49, n = 1167). The LAR,
when analyzed as a continuous variable, was associated with hospital and ICU mortality
(adjusted hazard ratio [HR] 1.22, 95% confidence interval [CI] 1.18-1.26, P < 0.0001 for
both). The risk of in-hospital and ICU mortality increased with increasing LAR Q relative to
Q1. The smoothing curves revealed a continuous linear association after adjusting for all
covariates. By the Kaplan—Meier analysis, patients in the higher LAR group showed sig-
nificantly shorter survival time. By the receiver operating characteristic analysis, LAR was
efficient in predicting in-hospital mortality (area under the curve [AUC]: 0.717) and ICU
mortality (AUC: 0.733). A positive and consistent effect of the LAR was seen in all
subgroups analyses after adjusting for all covariates.

Conclusion: A high LAR is an independent risk factor for in-hospital and ICU mortality in
critically ill patients with AKI. Further prospective studies are needed to validate these result.
Keywords: lactate/albumin ratio, acute kidney injury, mortality, critical care

Background

Acute kidney injury (AKI), defined as a sudden deterioration of renal function, is a
common condition worldwide with high morbidity, mortality, and medical costs. The
prevalence of AKI is estimated to range from 1% to 66%.' AKI occurs even more
commonly in intensive care units (ICUs) and is associated with adverse clinical out-
comes and increased costs. Approximately 50% of ICU patients experience AKI during

their ICU stay.” The mortality rate of ICU patients with AKI varies from 20% to 60%.’
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When AKI occurs concomitantly with other severe organ
dysfunctions, such as sepsis, septic shock, or myocardial
infarction, the mortality rate is even higher.* Given the poor
prognosis of AKI patients in the ICU, identifying effective
biomarkers to predict the severity of AKI, and encouraging
clinicians to implement early interventions to improve survi-
val, is needed. Several biomarkers have been discovered;
however, the clinical utility of these biomarkers for predict-
ing AKI prognosis remains unsatisfactory.” Therefore, it is
important to identify a new marker to help devise novel
therapeutic approaches and reduce the risk of death.

Low oxygen saturation and decreased oxygen delivery to
tissues lead to anaerobic metabolism, and high lactate levels
are usually associated with tissue hypoxia.® Studies have
shown that lactate levels are a robust parameter for diagnosis,
therapeutic evaluation, and predicting the prognosis of circu-
latory shock.”” Albumin plays a vital role in modifying
inflammation, and offers protection against inflammatory-
associated damage to the microcirculation and tissues.'
Albumin could serve as an additional parameter to predict
mortality and prognosis.'"*'? Patients with low albumin levels
are unstable and older patients have a worse prognosis.'> The
plasma albumin level is strongly associated with mortality in
adult community-acquired bacteremia patients.'* A high lac-
tate level is also seen in the setting of decreased lactate
elimination due to renal dysfunction. Serum albumin, which
is considered the classic negative acute-phase protein, can also
be affected by poor nutritional status and chronic disease.'
The lactate/albumin ratio (LAR) was developed to improve
mortality predictions. Several studies have reported a signifi-
cant association between the serum LAR and mortality in
patients with sepsis,'®'® heart failure," and acute respiratory
failure.?’ The prognostic potential of the LAR in AKI patients
in the ICU remains unclear. Here, we assessed the prognostic
(mortality prediction) performance of the LAR in critically ill
patients with AKI. In this study, data of critically ill patients
complicated with AKI were extracted from the eICU database.
We hypothesized that the LAR would be a good prognostic
marker to predict mortality in AKI patients.

Methods

Data Source

The data for the present study were collected from the multi-
center elCU Collaborative Research Database (eICU-CRD).
The database includes 200,859 ICU admissions of 139,367
patients during 2014 and 2015 at 208 US hospitals.?' The eICU
is a publicly available database sourced from the elCU

telehealth program, which is a telemedicine initiative provid-
ing continuous real-time monitoring and remote support to

ICU clinicians.?!

The database contains comprehensive
records, including demographics, physiological readings
bedside

Classification of Diseases, Ninth Revision codes), and other

from monitors,  diagnoses  (International
clinical data collected during routine medical care. The project
was approved by the Institutional Review Board of the
Xiangya Hospital of Central South University. This study
was conducted in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amend-
ments. After completing the “Protecting Human Research
Participants” curriculum, we obtained permission to extract
data from the eICU-CRD (authorization code: 41711250).
This study also followed the STrengthening the Reporting of
studies in (STROBE)

OBservational Epidemiology

Statement.>?

Population Selection Criteria

We used a keyword search (“acute renal failure”) in the
diagnostic chart of the eICU database to identify patients
with AKI. The diagnosis and staging of AKI was according
to the classification of Kidney Disease: Improving Global
Outcomes (KDIGO).** The minimum of serum creatinine
(SCr) values available within the 7 days prior to ICU admis-
sion was used as the baseline SCr.** When the preadmission
SCr was missing, the first SCr measured at ICU admission
was used as the baseline SCr.>> AKI stages were defined by
the maximal SCr value obtained within the first 48h after
ICU admission.?® SCr greater than or equal to 1.5 times the
baseline SCr; or increase in SCr greater than or equal to
0.3mg/dL from baseline SCr constitutes AKI stage 1. SCr
greater than or equal to 2.0 times the baseline SCr constitutes
AKI stage 2. SCr greater than or equal to 3.0 times the
baseline SCr; or increase in SCr concentration no less than
4.0 mg/dL; or initiation of renal replacement therapy consti-
tutes stage 3. The following inclusion criteria were applied:
age > 18 years, and first ICU admission. The exclusion
criteria were missing lactate and albumin values 48 h after
ICU admission, missing > 5% of data, missing in-hospital or
ICU length of stay (LOS) data, and missing survival out-
comes, including in-hospital or ICU mortality.

Data Collection

After applying for and obtaining permission, we used
PostgreSQL (version 9.6) to extract related variables and
outcomes in Structured Query Language (SQL) format.
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The following data were extracted from the elCU-CRD:
demographics (age, gender, and ethnicity), weight and
height on admission, laboratory tests, comorbidities, treat-
ment, and the Acute Physiology and Chronic Health
Evaluation (APACHE) IV score. The laboratory data
included lactate, albumin, and creatinine. Comorbidities
were also extracted, including sepsis, chronic kidney dis-
ease (CKD), hypertension, heart failure, coronary artery
disease, diabetes, chronic obstructive pulmonary disease
(COPD), pneumonia, and trauma. The treatment informa-
tion included hemodialysis, mechanical ventilation, car-
diac surgery, cardiac angiography, and the use of
antibiotics, glucocorticoids, or vasopressors. The
APACHE score is an illness severity score commonly
used in the ICU.?” Other extracted data included in-hospi-
tal LOS and ICU LOS. Survival information included
survival status at hospital and ICU discharge. Laboratory
parameters were extracted within 48 h after ICU admis-
sion. Only the first test value was included if there were
multiple values. The LAR was calculated as [lactate
(mmol/L)/serum albumin (g/dl)].

Endpoints

All-cause in-hospital mortality was the primary outcome of
the study, and was represented by survival status at hospital
discharge. ICU mortality, defined as survival status at ICU
discharge, was considered a secondary outcome.

Statistical Analysis

Continuous variables are expressed as mean + standard devia-
tion (SD), and categorical variables as numbers and propor-
tions. One-way analysis of variance or the Kruskal-Wallis
H-test were used to compare continuous variables between
the groups according to the normality test results. Group
comparisons of categorical variables were made using the
chi-square test or Fisher’s exact test, as appropriate.
Univariate and multivariate Cox proportional-hazards models
were used to examine the association between LAR and the
outcomes. Three multivariate models were constructed based
on the adjusted variables. Factors including age, gender, and
ethnicity were adjusted for in multivariate model 1.
Multivariate model 2 included model 1 plus sepsis, diabetes,
pneumonia, COPD, trauma, heart failure, CKD, hypertension,
and coronary artery disease. Multivariate model 3 includes
model 2 plus admission height, admission weight, creatinine,
antibiotic use, glucocorticoid use, vasopressor use, cardiac
surgery, hemodialysis, mechanical ventilation, cardiac angio-
graphy, and the APACHE IV score. The receiver operating
characteristic (ROC) curve analysis was performed, and the
area under the curve (AUC) was measured to assess the
prognostic efficiency.”® The Kaplan-Meier method was used
to calculate the cumulative survival rate by LAR quartiles.”
All probability values were two-sided, and p-values < 0.05
were considered significant. Data were analyzed using the
statistical packages R (version 3.4.3; R Foundation for

Patients with AKI were identified from eICU database (n=19781)

Multiple ICU admission (n=2966)

y

A 4

Age < 18 years old (n=7)

Adult patients with AKI were selected (n=16808)

Subjects lacked lactate data or albumin data
within 48 hours into ICU (n=10332)

\ J
Patients had data integrity (n=4976)

P Subjects lacked in-hospital mortality, ICU
mortality, or length of stay (n=701)
>5% of individual data was missing (n=799)

A 4

Patients were enrolled for analyses (n=4666)

Figure | Flowchart of included patients.
Abbreviations: AKI, acute kidney injury; ICU, intensive care unit.

| Outliers were excluded (n=310)
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Table | Baseline Clinical and Laboratory Characteristics of the Study Patients

Variables LAR P value
Total Quartile | Quartile 2 Quartile 3 Quartile 4
<0.46 0.46-0.79 0.79-1.49 =1.49
Number 4666 1167 1162 1170 1167
Age (years) 64.88 + 15.55 63.56 + 15.77 64.84 + 15.84 66.20 + 14.95 6491 £ 15.55 <0.001
Gender 0.228
Male, n (%) 2574 (55.17%) 639 (54.76%) 670 (57.66%) 640 (54.70%) 625 (53.56%)
Female, n (%) 2092 (44.83%) 528 (45.24%) 492 (42.34%) 530 (45.30%) 542 (46.44%)
Ethnicity 0.033
Caucasian, n (%) 3728 (79.90%) 944 (80.89%) 951 (81.84%) 932 (79.66%) 901 (77.21%)
Others, n (%) 938 (20.10%) 223 (19.11%) 211 (18.16%) 238 (20.34%) 266 (22.79%)
Lactate (mmol/L) 294 + 262 091 £ 0.28 1.65 + 0.43 2.73 £ 0.83 6.47 +2.88 <0.001
Albumin (g/dL) 2.64 + 0.66 2.95 + 0.57 2.74 £ 0.61 2.54 £ 0.62 2.33 £ 0.66 <0.001
Creatinine (mg/dL) 2.76 £ 1.95 3.24 + 241 261 £1.82 2.57 £ 1.79 2,63 + 1.62 <0.001
APACHE IV score 83.49 £ 29.03 69.66 + 22.74 76.29 £ 24.72 85.25 + 26.53 102.73 £ 30.39 <0.001
Admission weight (kg) 87.37 £ 27.65 90.26 * 28.73 87.77 £ 27.28 86.97 + 27.38 84.48 + 26.93 <0.001
Admission height (cm) 169.62 £ |1.66 169.69 £ 10.71 169.82 + 12.54 169.62 + 11.78 169.33 = 11.56 0.773
Comorbidity
Sepsis, n (%) 2178 (46.68%) 424 (36.33%) 517 (44.49%) 639 (54.62%) 598 (51.24%) <0.001
CKD, n (%) 596 (12.77%) 175 (15.00%) 162 (13.94%) 129 (11.03%) 130 (11.14%) 0.006
Diabetes, n (%) 756 (16.20%) 203 (17.40%) 186 (16.01%) 202 (17.26%) 165 (14.14%) 0.117
Heart failure, n (%) 624 (13.37%) 178 (15.25%) 176 (15.15%) 143 (12.22%) 127 (10.88%) 0.003
Hypertension, n (%) 568 (12.17%) 190 (16.28%) 149 (12.82%) 130 (11.11%) 99 (8.48%) <0.001
Coronary artery disease, n (%) 176 (3.77%) 36 (3.08%) 59 (5.08%) 43 (3.68%) 38 (3.26%) 0.049
Pneumonia, n (%) 1145 (24.54%) 244 (20.91%) 323 (27.80%) 299 (25.56%) 279 (23.91%) 0.001
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COPD, n (%) 410 (8.79%) 113 (9.68%) 104 (8.95%) 123 (10.51%) 70 (6.00%) <0.001

Trauma, n (%) 251 (5.38%) 64 (5.48%) 56 (4.82%) 65 (5.56%) 66 (5.66%) 0.804
Antibiotics, n (%) 2244 (48.09%) 522 (44.73%) 576 (49.57%) 599 (51.20%) 547 (46.87%) 0.009
Glucocorticoid, n (%) 428 (9.17%) 112 (9.60%) 103 (8.86%) 125 (10.68%) 88 (7.54%) 0.062
Vasopressors, n (%) 2111 (45.24%) 333 (28.53%) 437 (37.61%) 547 (46.75%) 794 (68.04%) <0.001
Hemodialysis, n (%) 714 (15.30%) 174 (14.91%) 148 (12.74%) 162 (13.85%) 230 (19.71%) <0.001
Mechanical ventilation, n (%) 2220 (47.58%) 375 (32.13%) 493 (42.43%) 556 (47.52%) 796 (68.21%) <0.001
Cardiac angiography, n (%) 108 (2.31%) 20 (1.71%) 27 (2.32%) 29 (2.48%) 32 (2.74%) 0.400
Cardiac surgery, n (%) 58 (1.24%) 8 (0.69%) 14 (1.20%) 16 (1.37%) 20 (1.71%) 0.156
Time in hospital (days) 10.49 + 8.12 10.23 + 7.62 10.65 + 7.95 11.05 + 8.16 10.03 + 8.68 0.011
Time in ICU (days) 5.08 £ 479 422 + 401 5.12 £ 477 5.35 £ 4.79 5.65 + 5.37 <0.001
In-hospital death, n (%) 1270 (27.22%) 133 (11.40%) 228 (19.62%) 313 (26.75%) 596 (51.07%) <0.001
In-ICU death, n (%) 952 (20.40%) 82 (7.03%) 160 (13.77%) 219 (18.72%) 491 (42.07%) <0.001
AKI stages <0.001
Stage | 1034 (22.16%) 183 (15.68%) 234 (20.14%) 269 (22.99%) 348 (29.82%)
Stage 2 249 (5.34%) 30 (2.57%) 45 (3.87%) 62 (5.30%) 112 (9.60%)
Stage 3 829 (17.77%) 197 (16.88%) 170 (14.63%) 186 (15.90%) 276 (23.65%)
Unknown 2554 (54.74%) 757 (64.87%) 713 (61.36%) 653 (55.81%) 431 (36.93%)

Abbreviations: LAR, lactate/albumin ratio; APACHE, acute physiology and chronic health evaluation; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ICU, intensive care unit; AKI; acute kidney injury.
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Table 2 Cox Regression of LAR for Mortality in All Study Groups

Univariate Model | Model 2 Model 3
LAR HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% ClI) P value
Hospital mortality Per |-unit increase 1.33 (1.29, 1.36) | <0.0001 1.36 (1.33, 1.39) | <0.0001 1.36 (1.33, 1.40) | <0.0001 1.22 (1.18, 1.26) | <0.0001
Per 1-SD increase 1.43 (1.39, 1.47) | <0.0001 1.47 (1.43, 1.52) | <0.0001 1.48 (1.43, 1.53) | <0.0001 1.29 (1.24, 1.34) | <0.0001
Quartile | Reference Reference Reference Reference
Quartile 2 1.66 (1.34, 2.06) | <0.0001 1.63 (1.31,2.01) | <0.0001 1.63 (1.31,2.02) | <0.0001 1.37 (1.10, 1.71) | 0.0047
Quartile 3 2.20 (1.80, 2.70) | <0.0001 2.15 (1.76, 2.64) | <0.0001 2.19 (1.78, 2.68) | <0.0001 1.60 (1.30, 1.98) | <0.0001
Quartile 4 4.65 (3.85, 5.61) | <0.0001 4.70 (3.90, 5.68) | <0.0001 4.80 (3.96, 5.80) | <0.0001 2.53 (2.06, 3.11) | <0.0001
Per quartile increase | 1.68 (1.59, 1.77) | <0.0001 1.69 (1.60, 1.79) | <0.0001 1.71 (1.61, 1.81) | <0.0001 1.36 (1.28, 1.45) | <0.0001
ICU mortality Per l-unit increase 1.30 (1.26, 1.33) | <0.0001 1.34 (1.30, 1.38) | <0.0001 1.34 (1.30, 1.38) | <0.0001 1.22 (1.18, 1.26) | <0.0001
Per 1-SD increase 1.39 (1.35, 1.44) | <0.0001 1.45 (1.40, 1.50) | <0.0001 1.44 (1.39, 1.50) | <0.0001 1.28 (1.23, 1.34) | <0.0001
Quartile | Reference Reference Reference Reference
Quartile 2 1.62 (1.24, 2.11) | 0.0004 1.59 (1.22, 2.08) | 0.0007 1.59 (1.21, 2.07) | 0.0007 1.38 (1.05, 1.82) | 0.0190
Quartile 3 2.13 (1.65, 2.74) | <0.0001 2.10 (1.63, 2.71) | <0.0001 2.12 (1.64, 2.74) | <0.0001 1.59 (1.23, 2.07) | 0.0005
Quartile 4 4.58 (3.62, 5.80) | <0.0001 4.65 (3.67, 5.88) | <0.0001 4.62 (3.64, 5.86) | <0.0001 2.58 (2.01, 3.32) | <0.0001I
Per quartile increase | 1.69 (1.58, 1.81) | <0.0001 1.71 (1.60, 1.82) | <0.0001 1.70 (1.59, 1.82) | <0.0001 1.38 (1.28, 1.48) | <0.0001

e 39 nyz
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Notes: Model | adjusted for age, gender, ethnicity. Model 2 adjusted for age, gender, ethnicity, sepsis, chronic kidney disease, diabetes, heart failure, hypertension, coronary artery disease, pneumonia, COPD, trauma. Model 3 adjusted
for age, gender, ethnicity, sepsis, chronic kidney disease, diabetes, heart failure, hypertension, coronary artery disease, pneumonia, COPD, trauma, creatinine, APACHE score, admission weight, admission height, antibiotics,
glucocorticoid, vasopressors, hemodialysis, mechanical ventilation, cardiac angiography, cardiac surgery.

Abbreviations: LAR, lactate/albumin ratio; ICU, intensive care unit; HR, hazard ratio; Cl, confidence interval; APACHE, acute physiology and chronic health evaluation; COPD, chronic obstructive pulmonary disease.
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Statistical Computing, Vienna, Austria) and Empower (R)
(X&Y solutions, Inc., Boston, MA, USA).

Results

Basic Characteristics

During the study period, 19,781 AKI patients were
selected from the eICU database. After applying the
inclusion and exclusion criteria, 4666 patients with a
mean age of 64.88 years were enrolled (Figure 1). The
general characteristics of the enrolled patients are pre-
sented in Table 1. Among the patients, 55.17% were
male and 44.83% were female. The majority of the
patients were Caucasian (79.90%); 20.10% of the
patients were African American, Asian, Hispanic,
Native American, or other. The leading comorbidities
were sepsis (46.68%) and diabetes (16.20%); 1.24% of
the patients underwent cardiac surgery, 2.31% had cor-
onary angiography, and 47.58% received mechanical
ventilation. About 9% of the patients were treated with
a glucocorticoid, while 45.24% received a vasopressor.
The in-hospital death rate for all subjects was 27.22%,

while the ICU death rate was 20.40%. The subjects were
stratified into four groups based on the quartiles (Qs) of
the LAR. The LAR values were < 0.46, 0.46-0.79,
0.80-1.48, and > 1.49, respectively. Parameters includ-
ing age, weight, ethnicity, creatinine, APACHE score,
vasopressor use, antibiotic use, mechanical ventilation,
hemodialysis, sepsis, pneumonia, COPD, heart failure,
coronary artery disease, CKD, and hypertension were
significantly different among the four LAR groups (all
P < 0.05, Table 1). The mean hospital LOS was 10.49
days and the mean ICU LOS was 5.08 days. The LOS
and death rates were also significantly different among
the groups (all P < 0.01, Table 1). The mean ICU LOS
increased from the low to high LAR groups (4.22 days
for the Q1 LAR group, 5.12 days for the Q2 LAR
group, 5.35 days for the Q3 LAR group, and 5.65
days for the Q4 LAR group, Table 1), while the mean
hospital LOS increased gradually from the Q1 to Q3
LAR group and then decreased in the Q4 LAR group
(10.23 days for the Q1 LAR group, 10.65 days for the
Q2 LAR group, 11.05 days for the Q3 LAR group, and
10.03 days for the Q4 LAR group, Table 1).
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Figure 2 The smoothing curves of in-hospital mortality of critically ill AKI patients against LAR.
Abbreviations: AKI, acute kidney injury; LAR, lactate/albumin ratio.
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Association Between the LAR and
Outcomes

Univariate and multivariate Cox proportional-hazards regres-
sion analyses revealed a significant association between LAR
and mortality in critically ill patients with AKI (Table 2). In the
univariate analysis, the LAR was associated with in-hospital
mortality (HR 1.33, 95% CI 1.29-1.36, P < 0.0001) when
analyzed as a continuous variable. The LAR remained an
independent predictor of in-hospital mortality in adjusted
model 1 (HR 1.36, 95% CI 1.33-1.39, P < 0.0001), model 2
(HR 1.36, 95% CI 1.33-1.40, P < 0.0001), and model 3 (HR
1.22, 95% CI 1.18-1.26, P < 0.0001). The LAR was also
associated with ICU mortality in the univariate analysis (HR
1.30, 95% CI 1.26-1.33, P < 0.0001), adjusted model 1 (HR
1.34,95% CI 1.30-1.38, P < 0.0001), model 2 (HR 1.34, 95%
CI 1.30-1.38, P < 0.0001), and model 3 (HR 1.22, 95% CI
1.18-1.26, P < 0.0001).

A 1-SD increase in LAR was associated with an increased
likelihood of in-hospital mortality (univariate analysis: HR
1.43, 95% CI 1.39-1.47, P < 0.0001; adjusted models 1: HR
1.47, 95% CI 1.43-1.52, P < 0.0001; model 2: HR 1.48, 95%

CI 1.43-1.53, P < 0.0001; model 3: HR 1.29, 95% CI 1.24-
1.34,P <0.0001). A SD increment in LAR was also associated
with ICU mortality (univariate analysis: HR 1.39, 95% CI
1.35-1.44, P < 0.0001; adjusted models 1: HR 1.45, 95% CI
1.40-1.50, P < 0.0001; model 2: HR 1.44, 95% CI 1.39-1.50,
P < 0.0001; model 3: HR 1.28, 95% CI 1.23-1.34, P <
0.0001). The unadjusted and multivariable adjusted HRs sug-
gested a significantly increased risk of both in-hospital and
ICU mortality in the higher quartiles of LAR level, compared
with the lowest quartile (Table 2).

To further explore the association between the LAR
and mortality in AKI patients in the ICU, we plotted
curves of the relationships between the LAR and in-hos-
pital and ICU mortality. We observed linear associations
after adjusting for all covariates. The trends in the plots
were consistent with the stepwise HRs for the four Qs in
the multivariate Cox regression analysis (Figures 2 and 3).
The Kaplan-Meier curve showed that the time-event
curves of the four groups of patients were significantly
different. Higher LAR Q was associated with lower survi-
val rate and shorter survival time (Figures 4 and 5). The
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Figure 3 The smoothing curves of ICU mortality of critically ill AKI patients against LAR.
Abbreviations: ICU, intensive care unit; AKI, acute kidney injury; LAR, lactate/albumin ratio.
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Figure 4 Kaplan-Meier survival curve for in-hospital mortality stratified by LAR in
four groups. P < 0.0001 by Log rank test.
Abbreviation: LAR, lactate/albumin ratio.

Log rank test showed a statistically significant difference
in mortality between the four groups (P <0.0001). The
ROC analysis was performed to evaluate the prognostic

value of LAR. The AUC for LAR were 0.717 (95% CI
0.701-0.736) for in-hospital mortality and 0.733 (95% CI
0.717-0.752) (Figures 6 and 7).

Subgroup Analyses

We performed subgroup analyses to assess the effect of the
LAR on mortality according to the APACHE IV score,
sepsis, CKD, cardiac surgery, cardiac angiography, hemo-
dialysis, and AKI stages in multivariate Cox regression
models. A positive effect was evident in all subgroups
after adjustment. The LAR was associated with a higher
risk of in-hospital and ICU mortality when the analysis was
restricted to patients with APACHE IV scores < 72.5 (HR
1.64, 95% CI 1.45-1.85, P < 0.0001 and HR 1.56, 95% CI
1.33-1.84 P <0.0001, respectively). The HRs of in-hospital
mortality were significantly different within subgroups of
APACHE 1V scores and hemodialysis (P <0.0001 and P =
0.0059, respectively). The HRs of ICU mortality were sta-
tistically higher in the subgroups with APACHE IV scores <
72.5, without sepsis or hemodialysis (P < 0.0039, P =
0.0144 and P = 0.0092, respectively) (Figures 8 and 9).

LAR
e _
-— S Q1
— Q2
— Q3
e Q4
o
®©
2
=
n © ]
— o
©
—
o
>
@)
<
o
AN
o | P<0.0001
S
o
I [ I I [ I
0 5 10 15 20 25
ICU length of stay
Figure 5 Kaplan-Meier survival curve for ICU mortality stratified by LAR in four groups. P < 0.0001 by Log rank test.
Abbreviations: ICU, intensive care unit; LAR, lactate/albumin ratio.
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Discussion
The present study is the first to investigate the association
between the LAR and in-hospital and ICU mortality in
critically ill patients with AKI. Our study demonstrated that
the LAR was an independent predictor of in-hospital and
ICU mortality in critically ill patients with AKI. The predic-
tive value of the LAR was consistent among all subgroups.
Previous studies have reported that the LAR could be
used as an independent prognostic biomarker to predict the
mortality of critically ill patients diagnosed with sepsis,*"'
heart failure,' or acute respiratory failure.”’ Lactate and
albumin laboratory results are objective parameters. As
they are routinely monitored, the LAR is easy to obtain
clinically. Our study evaluated the association between the
LAR and mortality risk and revealed that a higher LAR
predicted a worse prognosis of AKI patients in the ICU.
We further examined the relationship between the LAR
and all-cause mortality in various subgroups. Septic AKI

is the most common type of AKI in critically ill patients,
and is characterized by the simultaneous presence of sepsis
and AKI. Of the 4666 patients in our study, 46.68% had
sepsis, which may have been the cause of AKI. In the
multinational Beginning and Ending Supportive Therapy
for the Kidney (BEST Kidney) study, sepsis was diag-
nosed in nearly half of the cohort of critically ill patients
with AKI,*? and the prevalence was similar to that in our
study. Our results confirm that the LAR has value for
predicting in-hospital and ICU mortality of patients with
AKI and sepsis (HR 1.19, 95% CI 1.15-1.24, P < 0.0001;
HR 1.18, 95% CI 1.13-1.23, P < 0.0001; respectively).
However, the underlying mechanism remains unknown.
Intrarenal hemodynamic changes, ischemia, and inflamma-
tion can lead to sepsis-induced renal injury.*® In a healthy
human, about 1500 mmol of lactate is produced daily,
primarily by highly glycolytic tissues. Lactate is elimi-
nated by the liver and kidneys, which are rich in lactate
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Figure 7 ROC analysis curves of LAR and ICU mortality in critically ill AKI patients.

Abbreviations: ROC, receiver operating curve; LAR, lactate/albumin ratio; ICU, intensive care unit; AKI, acute kidney injury.

dehydrogenase.®* Thus, the generation and consumption of
lactate are well-balanced under physiological conditions.
The blood plasma lactate concentration is maintained
within the reference range of 0.5—1.5 mmol/L. An increase
of lactate production and decrease of lactate consumption
contribute to hyperlactatemia. An elevated lactate level
reflects an imbalance between oxygen delivery and
demand,*® and is a sensitive biomarker of global and
regional hypoperfusion.®® Serum albumin is the most
abundant protein in the plasma. Inflammation or inade-
quate protein or caloric intake leads to reduced albumin
levels, also known as hypoalbuminemia.’” Lactate and
albumin are regulated by different mechanisms involved
in the progression of septic AKI. Prediction based solely
on a single parameter may have some limitations.
Therefore, the LAR, which combines both parameters,
may be related to the severity of AKI and has value for
predicting mortality risk.

AKI is the most common and serious complication of
cardiac surgery.>® The pathophysiology of cardiac surgery
associated AKI is complex and multifactorial, and prob-
ably involves renal ischemia-reperfusion injury, oxidative
stress, inflammation, and nephrotoxins.>®> Our study
enrolled 58 AKI patients who underwent cardiac surgery.
In the subgroup analysis of patients who underwent car-
diac surgery, the LAR tended to have predictive value for
in-hospital and ICU mortality (HR 1.16, 95% CI 0.92—
1.47, P = 0.2117 and HR 1.23, 95% CI 0.95-1.59, P =
0.1091, respectively). However, due to the small number
of patients included in the analysis, the results should be
interpreted with caution. CKD patients were more prone to
develop AKI, which is the so-called acute-on-chronic (A-
on-C) renal failure. Its prevalence ranges from 13 to 35 per
100 AKI patients.***' In the present study, the incidence
of A-on-C renal injury was 12.77%. Evidence suggests
that patients with A-on-C renal failure have worse
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Figure 8 The association between LAR and in-hospital mortality in subgroups.

1 1.5 2

Abbreviations: APACHE, acute physiology and chronic health evaluation; CKD, chronic kidney disease; AKI, acute kidney injury; HR, hazard ratio; Cl, confidence interval.

outcomes than those without CKD.**** The LAR pre-
dicted the risk of death in patients with A-on-C renal
injury in our study (HR 1.18, 95% CI 1.07-1.31, P =
0.0014 for in-hospital mortality and HR 1.21, 95% CI
1.08-1.35, P = 0.0008 for ICU mortality).

Our study had some strengths. First, it had a large
sample size, with 4666 AKI patients. Second, the data
source was the eICU, which is a multicenter database.
Thus, the results of this study are representative and reli-
able. However, the study also had some limitations. First, it
was a retrospective study, so it was impossible to incorpo-
rate blinded and random method. Selection bias was inher-
ent limitation in retrospective studies. In order to reduce the
risk of spurious associations, common confounding vari-
ables that were available in the eICU database were

included as covariates in our analyses. Potential residual

confounding still cannot be fully excluded. Some potential
biases caused by unmeasured confounding factors may
have reduced the robustness of the results. However,
given the large sample size and diversity of hospitals and
patients included in the eICU-CRD, the results can still be
considered trustworthy. Second, some important informa-
tion was not recorded in the eICU database. Because major
adverse events after discharge were not recorded, the pre-
dictive value of the LAR for cerebrovascular and cardio-
vascular events was not assessable. Data on the long-term
predictive value of the LAR for mortality were also unavail-
able. Third, the timing of lactate measurement was an
important determinant of mortality in ICU.** Blood lactate
concentration may fluctuate rapidly; therefore, the optimal
timing for lactate measurement is unclear. Fourth, this study
evaluated the relationship between the LAR and prognosis
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Figure 9 The association between LAR and ICU mortality in subgroups.

Abbreviations: APACHE, acute physiology and chronic health evaluation; CKD, chronic kidney disease; AKI, acute kidney injury; HR, hazard ratio; Cl, confidence interval.

only; therefore, it was not possible to assess the effect of a
dynamic change in the LAR on prognosis.

Conclusion

Based on the clinical data of 4666 AKI patients in the eICU
database, a high LAR was an independent risk factor for in-
hospital and ICU mortality in critically ill patients with AKI.
Furthermore, the LAR was linearly correlated with in-hospi-
tal and ICU mortality. We consider prospective studies are
need to validate these results. The LAR merits warrant
further study to verify its long-term predictive value.
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