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Abstract: The early recognition of acute kidney injury (AKI) is essential to improve outcomes and
prevent complications such as chronic kidney disease, the need for renal-replacement therapy, and an
increased length of hospital stay. Increasing evidence shows that inflammation plays an important
role in the pathophysiology of AKI and mortality. Several inflammatory hematological ratios can be
used to measure systemic inflammation. Therefore, the association between these ratios and outcomes
(AKI and mortality) in patients suspected of having an infection at the emergency department was
investigated. Data from the SPACE cohort were used. Cox regression was performed to investigate the
association between seven hematological ratios and outcomes. A total of 1889 patients were included,
of which 160 (8.5%) patients developed AKI and 102 (5.4%) died in <30 days. The Cox proportional-
hazards model revealed that the neutrophil-to-lymphocyte ratio (NLR), segmented-neutrophil-to-
monocyte ratio (SMR), and neutrophil-lymphocyte-platelet ratio (NLPR) are independently associated
with AKI <30 days after emergency-department presentation. Additionally, the NLR, SMR and NLPR
were associated with 30-day all-cause mortality. These findings are an important step forward for the
early recognition of AKI. The use of these markers might enable emergency-department physicians
to recognize and treat AKI in an early phase to potentially prevent complications.

Keywords: hematological ratios; emergency department; acute kidney injury; mortality; infection;
inflammation

1. Introduction

Acute kidney injury (AKI) is a group of syndromes characterized by a rapid decline
of renal function [1–3]. The incidence of AKI varies depending on the population and the
definition used, and has steadily increased over the past few decades [3,4]. AKI is common
in critically ill septic patients and is associated with several short- and long-term outcomes,
including an increased length of hospital stay, morbidity (e.g., the development of end-stage
renal disease with the need for renal-replacement therapy (RRT)), and mortality. Altogether,
this results in the impairment of the sustainability of the healthcare system [5–8].

AKI has a complex pathophysiology and in most cases the development is multifac-
torial. Severe infections and sepsis in critically ill patients make up an important part
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of the causes of AKI, and there is growing evidence that even patients with less-severe
infections have a higher risk of developing AKI [9,10]. Inflammation may play an important
role in the pathogenesis of AKI in patients with severe infections or sepsis, and evidence
shows that AKI can even occur in the absence of hypoperfusion [11]. However, the early
recognition and treatment of AKI remains difficult. Therefore, it is important to investigate
the risk factors for AKI. Currently, the diagnosis of AKI is mainly dependent on the use of
serum creatinine (SCr), which can be relatively delayed and is affected by many factors [12].

Indeed, several studies have focused on biomarkers (e.g., KIM-1, NGAL) to detect AKI
in the early phase [13]. However, single biomarkers were proven not to be sensitive enough
for the detection of AKI and were not routinely available in daily clinical practice. Recent
studies described complete blood count to be associated with AKI [13]. Several hemato-
logical ratios that can be calculated from complete blood count (CBC) are associated with
inflammation [14–16]. As local and systemic inflammation play an important role in the
initiation and progression of AKI and mortality in patients with infections, hematological
ratios could be associated with AKI and mortality in patients with infections. Therefore, the
aim of this study was to investigate the association between inflammatory hematological
ratios, which were derived from a routine CBC, and the occurrence of AKI and mortality in
patients suspected of having an infection at the emergency department.

2. Materials and Methods
2.1. Study Design

This prospective observational cohort study was performed within the University
Medical Center Utrecht (UMCU). The UMCU is a large, tertiary academic teaching hos-
pital located in the Netherlands. Patients described in this study were included between
13 September 2016 and 1 January 2019 and followed until the time of death or censored
due to loss of a follow-up, or until one year after their emergency-department presentation.

Clinical data were used from the SPACE cohort (SePsis in acutely ill patients in the
emergency room) [17]. This study was reviewed and approved by the Medical Ethical
Committee of the UMCU under number 16/594 and registered in the Dutch Trial Register
(NTR) under number 6916. Since only pseudonymized data were included, the review
board decided that written patient consent was not required. This study was performed in
accordance with the Declaration of Helsinki.

2.2. Study Population and Data Collection

The SPACE cohort consists of all consecutive patients who meet the following criteria:
(1) ≥18 years or older; (2) presentation at the emergency department with a suspected
infection defined by the treating physician; (3) registration in the emergency department
for the internal-medicine department or one of its subspecialties of oncology, rheumatology,
immunology, hematology, nephrology, endocrinology, geriatrics, infectious disease or
vascular medicine [17]. For the current analyses, patients receiving RRT, patients without
baseline or follow-up SCr and patients that had a repeated emergency-department visit
within 30 days were excluded.

Demographics, clinical data recorded at the time of presentation in the emergency
department and, if applicable, during hospitalization, as well as data on laboratory markers,
treatments, and outcomes were collected for all eligible patients in this cohort. Data on
immune status, comorbidities, diagnosis at admission, and diagnosis at discharge were
manually extracted from the Electronic Health Records (EHR) by independent researchers
and reviewed using a set of predefined and standardized definitions. All available data on
SCr within 30 days after presentation were extracted from the EHR. The qSOFA score was
calculated by assigning one point each for respiratory rate ≥22 breaths/min, systolic blood
pressure ≤100 mm Hg and altered mental status) and was considered positive in the case
of a score ≥2 [18]. Comorbidities were quantified using the Charlson Comorbidity Index
(CCI) [19].
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Additional data were retrieved using the Utrecht Patient Oriented Database (UPOD).
The structure and content of UPOD have been described in more detail elsewhere [20].
Hematological markers were retrieved from the UPOD that were determined by automated
blood-cell analyses performed with the Abbot Cell-Dynn Sapphire hematology analyzer
(Abbott Hematology, Santa Clara, CA, USA). The UPOD setup saves a wide range of
hematological parameters, even if they are not specifically requested by the physician [20].

2.3. Hematological Ratios

From all patients, blood samples that were obtained during presentation in the emer-
gency department were analyzed to determine the complete blood count as part of the
routine clinical care. The hematological ratios were then calculated from the results. The
modified delta-neutrophil index (modified DNI) can be determined by subtracting the
fraction of segmented neutrophils from the sum of the fractions of total neutrophils and
eosinophils. The neutrophil-to-lymphocyte ratio (NLR) (neutrophil count/lymphocyte
count) [14], monocyte-to-lymphocyte ratio (MLR) (monocyte count/lymphocyte count) [15],
segmented-neutrophil-to-monocyte ratio (SMR) (segmented neutrophil count/monocyte
count), platelet-to-lymphocyte ratio (PLR) (platelet count/lymphocyte count) [16],
neutrophil-to-lymphocytes-and-platelets ratio (NLPR) ((neutrophil count × 100)/(lympho-
cyte count × platelet count)) [21] and systemic immune-inflammation (SII) index (platelet
count × (neutrophil count/lymphocyte count)) [22] were all calculated from the complete
blood count. The modified DNI and SMR were inspired by the previously described
delta-neutrophil index (DNI) and segmented-neutrophil-to-mature-monocyte ratio (SeMo),
respectively [23,24]. However, since an incomparable method was used to determine
leukocyte maturity, other names were chosen to describe these ratios.

2.4. Outcomes and Definitions

The primary outcome in this study was the development of AKI within 30 days after
presentation at the emergency department. The diagnosis and staging of AKI were based on
the Kidney Disease: Improving Global Outcomes (KDIGO) criteria, and were defined as an
increase in SCr of 1.5 times the baseline value or an increase in SCr of 26.5 umol/L relative
to the value measured at the emergency department within the first 48 h after presentation
(stage 1) [2]. Baseline creatinine was defined as the most recent SCr measurement available
from 7 days to 12 months prior to presentation at the emergency department. The median
period between baseline SCr and presentation at the emergency department was 24 days
(interquartile range [IQR] 13–56). The highest SCr within 30 days was used to stratify the
KDIGO stages of AKI, with an increase of 2.0 to 2.9 times baseline SCr being classified
as stage 2, and an increase of >3.0 times baseline SCr or 352.6 umol/L being classified as
stage 3.

The secondary outcome was defined as all-cause mortality within 30 days after
emergency-department presentation. Sensitivity analyses for AKI and all-cause mortality
within 14 days after emergency-department presentation were included in order to evaluate
the robustness of the results.

2.5. Statistical Analyses

Continuous variables are presented as medians and interquartile ranges and categor-
ical variables are presented as frequencies and percentages. Non-normally distributed
variables were compared using the Mann–Whitney U test. Cox proportional-hazard models
were used to calculate hazard ratios (HRs) with 95% confidence intervals (CIs) in order to
assess the association between the different hematological ratios and outcomes (AKI and
mortality). Hematological ratios were divided into tertiles, with the lowest tertile used as a
reference. Hazard ratios were adjusted for potential confounders (based on the literature)
including age, sex, Charlson Comorbidity Index, immunocompromised, use of medica-
tion (angiotensin-converting-enzyme inhibitors (ACEi) or angiotensin-receptor blockers
(ARBs), diuretics, proton-pump inhibitors (PPIs) and non-steroidal anti-inflammatory
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drugs (NSAIDs)), disease severity (qSOFA) and the provisional diagnosis in the emergency
department. Sensitivity analyses were performed using the same Cox proportional-hazard
models with different time endpoints for the outcomes. Statistical significance was defined
at a p-value <0.05. Statistical analyses were performed with the statistical software package
SPSS 25.0 for Windows (IBM Corp, Armonk, NY, USA).

3. Results
3.1. Study Population and Baseline Characteristics

From 3,669 patients, a total of 1,889 patients remained eligible for the final analysis
(Figure 1). The baseline characteristics of the included patients are shown in Table 1.
The median age was 62 years (IQR 50–70) and 54.5% of the patients were male. Lower-
respiratory-tract infection (22.0%) was the most common diagnosis in the emergency
department, followed by urinary-tract infection (17.7%) and viral respiratory-tract infection
(15.5%). Of all the patients, 821 (43.3%) were immunocompromised and 98 (5.2%) were
considered critically ill based on a qSOFA score of ≥2.
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3.2. Incidence of AKI

Among the 1,889 patients that were analyzed, 160 (8.5%) developed AKI as defined by
the KDIGO criteria within the first 30 days after presentation at the emergency department.
The median time between ED presentation to the occurrence of AKI was 5 days (IQR 2–14).
Within the AKI group, there were 123 (76.9%) patients with AKI stage 1, 20 (12.5%) patients
with AKI stage 2, and 17 (10.6%) patients with AKI stage 3.

3.3. Hematological Ratios in AKI and Non-AKI Patients

The hematological ratios calculated from the CBC and the distribution between the
AKI and non-AKI patients are shown in Table 2. The NLR (median AKI group 8.52, IQR
4.38–17.92 vs. median non-AKI group 6.80, IQR 3.17–12.73), SMR (median AKI group
10.97, IQR 7.03–17.10 vs. median non-AKI group 8.83, IQR 5.62–13.88) and NLPR (median
AKI group 4.84, IQR 2.01–10.24 vs. median non-AKI group 3.03, IQR 1.45–6.55) were
significantly higher in the AKI group compared to the non-AKI group. Additionally, the
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distributions of these three ratios differed significantly between the several stages of AKI
(Supplemental Figure S1).

Table 1. Baseline characteristics of study population at emergency department by AKI status.

Total (N = 1889) No AKI (N = 1729) AKI (N = 160)

Demographics
Age (years), median (IQR) 62 (50–70) 62 (49–70) 64 (54–72)

Sex (male), n (%) 1029 (54.5) 938 (54.3) 91 (56.9)

Comorbidities
Charlson Comorbidity Index, median (IQR) 5.0 (3.0–7.0) 5.0 (3.0–7.0) 5.0 (4.0–7.8)

Hypertension, n (%) 618 (32.7) 551 (31.9) 67 (41.9)
Diabetes Mellitus, n (%) 367 (19.4) 324 (18.7) 43 (26.9)
Sever liver disease, n (%) 20 (1.1) 18 (1.0) 2 (1.3)

Congestive heart failure, n (%) 105 (5.1) 88 (5.6) 17 (10.6)
Myocardial infarction, n (%) 174 (9.2) 159 (9.2) 15 (9.4)

Peripheral vascular disease, n (%) 144 (7.6) 125 (7.2) 19 (11.9)
Cerebrovascular disease, n (%) 203 (10.7) 178 (10.3) 25 (15.6)

Kidney Transplant, n (%) 254 (13.9) 226 (13.1) 28 (17.5)
Immunocompromised, n (%) 821 (43.5) 748 (43.3) 73 (45.6)
Chronic kidney disease, n (%)

Stage 1 6 (0.3) 4 (0.2) 2 (1.3)
Stage 2 81 (4.3) 78 (4.5) 3 (1.9)
Stage 3 270 (14.3) 240 (13.9) 30 (18.8)
Stage 4 115 (6.1) 97 (5.6) 18 (11.3)
Stage 5 39 (2.1) 28 (1.6) 11 (6.9)

Medication
ACE inhibitor or angiotensin-receptor blockers, n (%) 501 (26.5) 448 (25.9) 53 (33.1)

Diuretics, n (%) 389 (20.6) 345 (20.0) 44 (27.5)
PPI, n (%) 1,003 (53.1) 913 (52.8) 90 (56.3)

NSAID, n (%) 76 (4.0) 72 (4.2) 4 (2.5)

Disease severity in ED
qSOFA-score ≥2, n (%) 98 (5.2) 86 (5.0) 12 (7.5)

Provisional diagnosis in the ED
Lower-respiratory-tract infection, n (%) 415 (22.0) 374 (21.6) 41 (25.6)
Viral respiratory-tract infection, n (%) 293 (15.5) 281 (16.3) 12 (7.5)

Urinary-tract infection, n (%) 334 (17.7) 299 (17.3) 35 (21.9)
Gastro-intestinal infection, n (%) 262 (13.9) 247 (14.3) 15 (9.4)

Skin infection, n (%) 131 (6.9) 122 (7.1) 9 (5.6)
Other (infectious) diagnosis, n (%) 454 (24.0) 406 (23.5) 48 (30.0)

Laboratory
Baseline serum creatinine (umol/L) 79 (63.0–116.0) 78.0 (63.0–113.0) 99.0 (63.3–161.5)
Baseline eGFR CKD-EPI (ml/min) 80.6 (52.3–98.9) 81.4 (53.9–99.1) 61.9 (33.7–97.0)

Abbreviations: ACE, angiotensin-converting enzyme; AKI, acute kidney injury; CKD-EPI, Chronic Kidney
Disease Epidemiology Collaboration; ED, emergency department; eGFR, estimated glomerular-filtration rate;
IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drugs; qSOFA, quick Sepsis-Related Organ-
Failure Assessment.

Table 2. Distribution of hematological ratios in AKI vs. non-AKI patients.

Total (N = 1889) No AKI (N = 1729) AKI (N = 160) p-Value

Modified delta-neutrophil index (IQR) 1.17 (0.41–4.73) 1.18 (0.41–4.47) 1.15 (0.38–7.89) 0.64
Neutrophil-lymphocyte ratio (IQR) 6.92 (3.27–13.04) 6.80 (3.17–12.73) 8.52 (4.38–17.92) <0.001
Monocyte-lymphocyte ratio (IQR) 0.70 (0.40–1.19) 0.70 (0.40–1.19) 0.70 (0.43–1.31) 0.43

Segmented-neutrophil-monocyte ratio (IQR) 8.99 (5.73–14.11) 8.83 (5.62–13.88) 10.97 (7.03–17.10) <0.001
Platelet-lymphocyte ratio (IQR) 225.36 (137.40–387.90) 225.06 (136.91–382.96) 243.85 (139.47–439.62) 0.50

Neutrophil-lymphocyte-and-platelets ratio (IQR) 3.15 (1.51–6.82) 3.03 (1.45–6.55) 4.84 (2.01–10.24) <0.001
Systemic immune-inflammation index (IQR) 1469.48 (609.94–3226.94) 1463.68 (586.76–3177.88) 1612.76 (792.82–3858.33) 0.08

Abbreviations: AKI, acute kidney injury; IQR, interquartile range.



J. Clin. Med. 2022, 11, 1017 6 of 12

3.4. Associations between Hematological Ratios and AKI

Table 3 shows the hazard ratios for several hematological ratios and the occurrence
of AKI <30 days after the emergency-department visit. In the univariate Cox regression,
there was a significant association between AKI and the highest tertiles of the NLR, SMR,
NLPR and SII index. After adjustment for age, sex, comorbidities, baseline renal function,
immune status, medication use, disease severity and diagnosis in the emergency depart-
ment, the highest tertile of the NLR (adjusted HR 1.8, 95% confidence interval [95% CI]
1.2–2.8), middle tertile of the SMR (adjusted HR 1.7; 95% CI 1.1–2.6), highest tertile of the
SMR (adjusted HR 2.0; 95% CI 1.3–3.0) and highest tertile of the NLPR (adjusted HR 2.1;
95% CI 1.4–3.2) remained independently associated with the occurrence of AKI <30 days
after emergency-department presentation. In a continuous analysis, NLR and SMR were
significant as well (adjusted HR 1.002; 95% CI 1.001–1.002 and adjusted HR 1.005; 95% CI
1.003–1.008, respectively).

Table 3. HRs (95% CI) for AKI <30 days after ED presentation.

Univariate Multivariate

Ratios Crude HR
(95% CI)

Adjusted HR:
Model 1 a

(95% CI)

Adjusted HR:
Model 2 b

(95% CI)

Adjusted HR:
Model 3 c

(95% CI)

Adjusted HR:
Model 4 d

(95% CI)

Modified DNI

Tertile 1, ≤0.5931 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Tertile 2, 0.5931–2.7088 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.7 (0.5–1.1)

Tertile 3, >2.7088 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4)

NLR

Tertile 1, ≤4.2805 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Tertile 2, 4.2805–10.2276 1.4 (1.0–2.2) 1.4 (1.0–2.1) 1.4 (1.0–2.1) 1.3 (0.9–2.1) 1.3 (0.9–2.0)

Tertile 3, >10.2276 2.1 (1.4–3.1) 2.0 (1.4–3.0) 2.0 (1.3–2.9) 1.9 (1.3–2.9) 1.8 (1.2–2.8)

MLR
Tertile 1, ≤0.5057 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 0.5057–0.9830 1.1 (0.8–1.7) 1.1 (0.7–1.6) 1.1 (0.7–1.6) 1.0 (0.7–1.6) 1.0 (0.7–1.5)
Tertile 3, >0.9830 1.2 (0.9–1.8) 1.2 (0.8–1.7) 1.2 (0.8–1.7) 1.2 (0.8–1.7) 1.1 (0.8–1.7)

SMR
Tertile 1, ≤6.7500 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 6.7500–11.9633 1.8 (1.2–2.8) 1.8 (1.2–2.7) 1.8 (1.2–2.7) 1.7 (1.1–2.7) 1.7 (1.1–2.6)
Tertile 3, >11.9633 2.2 (1.4–3.3) 2.2 (1.4–3.3) 2.1 (1.4–3.2) 2.0 (1.3–3.1) 2.0 (1.3–3.0)

PLR
Tertile 1, ≤161.6468 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 161.6468–314.6356 0.9 (0.6–1.3) 0.9 (0.6–1.3) 0.8 (0.6–1.3) 0.8 (0.6–1.2) 0.8 (0.6–1.3)
Tertile 3, 314.6356 1.1 (0.8–1.6) 1.1 (0.7–1.6) 1.1 (0.7–1.5) 1.1 (0.7–1.5) 1.0 (0.7–1.5)

NLPR
Tertile 1, ≤1.9151 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 1.9151–5.0605 1.4 (1.0–2.2) 1.4 (0.9–2.2) 1.4 (0.9–2.2) 1.4 (0.9–2.1) 1.3 (0.9–2.0)
Tertile 3, >5.0605 2.4 (1.6–3.5) 2.3 (1.5–3.4) 2.2 (1.5–3.2) 2.2 (1.4–3.3) 2.1 (1.4–3.2)

SII index
Tertile 1, ≤869.43 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 869.43–2414.46 1.4 (1.0–2.0) 1.3 (0.9–2.0) 1.3 (0.9–2.0) 1.3 (0.9–1.9) 1.3 (0.8–1.9)
Tertile 3, >2414.46 1.6 (1.1–2.4) 1.5 (1.0–2.3) 1.5 (1.0–2.3) 1.5 (1.0–2.2) 1.4 (0.9–2.1)

Abbreviations: HR, hazard ratio; AKI, acute kidney injury; DNI, delta-neutrophil index; NLR, neutrophil-
to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SMR, segmented-neutrophil-to-monocyte ratio;
PLR, platelet-to-lymphocyte ratio; NLPR, neutrophil-to-lymphocyte-platelet ratio; SII index, systemic immune-
inflammation index. Bold numbers indicate statistical significance. a Correction made for: age, gender.
b Correction made for: age, gender, comorbidity score, baseline renal function, immune status. c Correction made
for: age, gender, comorbidity score, baseline renal function, immune status, medication use. d Correction made
for: age, gender, comorbidity score, baseline renal function, immune status, medication use, disease severity,
provisional diagnosis in the emergency department.
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3.5. Association between Hematological Ratios and Mortality

Of the 1889 patients, 102 died within 30 days (5.4%). The analysis of the Cox proportional-
hazard models demonstrated the association between several hematological ratios and
30-day mortality (Table 4). After adjustment for confounders, the highest tertile of the NLR
(Adjusted HR 1.7; 95% CI 1.0–2.9), highest tertile of the SMR (adjusted HR 1.8; 95% CI
1.1–3.1), highest tertile of the PLR (adjusted HR 1.7; 95% CI 1.1–2.8), middle and highest
tertiles of the NLPR (adjusted HR 2.5; 95% CI 1.4–4.4 and adjusted HR 2.1; 95% CI 1.2–3.7),
and highest tertile of the SII index (adjusted HR 1.8; 95% CI 1.1–2.8) were shown to be
independently associated with 30-day mortality as compared with the lowest tertiles. In a
continuous analysis, NLPR was significantly associated with 30-day mortality (adjusted
HR 1.008; 95% CI 1.003–1.013).

Table 4. HR’s (95% CIs) for 30-day all-cause mortality.

Univariate Multivariate

Ratios Crude HR
(95% CI)

Adjusted HR:
Model 1 a

(95% CI)

Adjusted HR:
Model 2 b

(95% CI)

Adjusted HR:
Model 3 c

(95% CI)

Adjusted HR:
Model 4 d

(95% CI)

Modified DNI
Tertile 1, ≤0.5931 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 0.5931–2.7088 0.8 (0.5–1.1) 0.9 (0.5–1.4) 0.8 (0.5–1.4) 0.8 (0.5–1.3) 0.8 (0.5–1.4)
Tertile 3, >2.7088 1.2 (0.8–1.9) 1.3 (0.8–2.0) 1.3 (0.8–2.1) 1.3 (0.8–2.1) 1.3 (0.8–2.0)

NLR
Tertile 1, ≤4.2805 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 4.2805–10.2276 1.3 (0.7–2.1) 1.1 (0.6–1.9) 1.2 (0.7–2.0) 1.2 (0.7–2.1) 1.2 (0.7–2.1)
Tertile 3, >10.2276 1.9 (1.2–3.1) 1.6 (1.0–2.6) 1.7 (1.0–2.8) 1.8 (1.1–23.0) 1.7 (1.0–2.9)

MLR
Tertile 1, ≤0.5057 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 0.5057–0.9830 0.9 (0.5–1.5) 0.8 (0.5–1.3) 0.8 (0.5–1.3) 0.8 (0.5–1.4) 0.8 (0.5–1.3)
Tertile 3, >0.9830 1.5 (0.9–2.2) 1.2 (0.7–1.9) 1.2 (0.7–1.9) 1.2 (0.8–2.0) 1.2 (0.7–1.9)

SMR
Tertile 1, ≤6.7500 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 6.7500–11.9633 1.6 (1.0–2.7) 1.5 (0.9–2.5) 1.5 (0.9–2.5) 1.5 (0.9–2.5) 1.5 (0.9–2.5)
Tertile 3, >11.9633 1.9 (1.1–3.1) 1.8 (1.1–2.9) 1.9 (1.1–3.2) 2.0(1.1–3.3) 1.8 (1.1–3.1)

PLR
Tertile 1, ≤161.6468 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 161.6468–314.6356 1.1 (0.7–1.9) 1.1 (0.6–1.8) 1.1 (0.6–1.8) 1.1 (0.6–1.9) 1.2 (0.7–2.1)
Tertile 3, 314.6356 2.0 (1.2–3.2) 1.8 (1.1–2.9) 1.7 (1.0–2.8) 1.8 (1.1–2.9) 1.7 (1.1–2.8)

NLPR
Tertile 1, ≤1.9151 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 1.9151–5.0605 2.6 (1.5–4.4) 2.3 (1.3–3.9) 2.4 (1.4–4.2) 2.6 (1.5–4.5) 2.5 (1.4–4.4)
Tertile 3, >5.0605 2.2 (1.3–3.9) 1.8 (1.0–3.2) 2.0 (1.2–3.6) 2.2 (1.3–4.0) 2.1 (1.2–3.7)

SII index
Tertile 1, ≤869.43 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Tertile 2, 869.43–2414.46 0.6 (0.3–1.0) 0.5 (0.3–0.9) 0.5 (0.3–1.0) 0.6 (0.3–1.0) 0.6 (0.3–1.1)
Tertile 3, >2414.46 1.9 (1.2–2.9) 1.7 (1.1–2.6) 1.7 (1.1–2.7) 1.8 (1.2–2.9) 1.8 (1.1–2.8)

Abbreviations: HR, hazard ratio; AKI, acute kidney injury; DNI, delta-neutrophil index; NLR, neutrophil-
to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SMR, segmented-neutrophil-to-monocyte ratio;
PLR, platelet-to-lymphocyte ratio; NLPR, neutrophil-to-lymphocyte-platelet ratio; SII index, systemic immune-
inflammation index. Bold numbers indicate statistical significance. a Correction made for: age, gender.
b Correction made for: age, gender, comorbidity score, baseline renal function, immune status. c Correction made
for: age, gender, comorbidity score, baseline renal function, immune status, medication use. d Correction made
for: age, gender, comorbidity score, baseline renal function, immune status, medication use, disease severity,
provisional diagnosis in the emergency department.
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3.6. Sensitivity Analysis

As a sensitivity analysis, we used the same models to examine the associations of the
hematological ratios with the occurrence of AKI <14 days after emergency-department
presentation. The highest tertile of the NLR (adjusted HR 2.1; 95% CI 1.3–3.5), highest
tertile of the SMR (adjusted HR 2.1; 95% CI 1.3–3.4) and highest tertile of the NLPR
(adjusted HR 2.4; 95% CI 1.5–3.8) were associated with an increased risk of developing AKI
as compared with the lowest tertiles (Table S1, Supplementary Materials).

The sensitivity analysis showed that he highest tertile of the SMR (adjusted HR 2.3,
95% CI 1.0–5.4), and middle and highest tertiles of the NLPR (adjusted HR 2.6, 95% CI
1.1–6.3 and adjusted HR 2.6, 95% CI 1.1–6.3) were associated with 14-day mortality as
compared with the lowest tertiles. The middle tertile of modified DNI (adjusted HR 0.3;
95% CI 0.1–0.7) was associated with a decreased risk of mortality.

4. Discussion

In the current study, the inflammatory hematological ratios NLR, SMR and NLPR
were associated with an increased risk of developing AKI <30 days after admission to the
emergency department. In addition, increased values of the NLR, SMR, PLR, NLPR and
the SII index were independently associated with a higher risk of 30-day mortality.

Several prior studies that investigated the association between inflammatory hema-
tological ratios and AKI showed similar results. A study of a single emergency-room
measurement of the NLR reported a cut-off value of 5.5 to be associated with AKI (odds
ratio 6.4; 95% CI 2.7–16) [25]. In septic patients, two retrospective studies also demonstrated
that NLR was an important risk factor for the occurrence of AKI [26,27]. Furthermore,
there are several studies that showed an association of the occurrence of AKI with elevated
postoperative or post-coronary angiography NLR levels, implicating the important role of
inflammation in the development of AKI [28–30]. Due to a lack of previous studies on the
association between the SMR, NLPR, and AKI, it is not possible to compare our results with
previous data. In the present study, there was no association between the modified DNI,
MLR, PLR and SII index and the occurrence of AKI. Although there are some previous
studies that suggested that these ratios are associated with AKI, they were performed
in other settings (e.g., postoperative or ICU) or with other types of ratio measurements
(e.g., DNI requires measuring myeloperoxidase-reactive cells and a nuclear lobularity
assay) [28,31–35].

In the context of mortality, multiple studies have shown that high NLR values are
associated with mortality [36,37]. A retrospective study of critically ill AKI patients also
reported higher NLR levels to be associated with all-cause mortality (HR 1.83; 95% CI
1.66–2.02) [38]. There are a few studies that investigated the association between some sort
of neutrophil-monocyte ratio and mortality, which found contradictive results. One study
investigated neutrophil-to-monocyte ratio and found a high value (≥17.75) to be associated
with mortality in COVID-19 patients [39]. Another study investigated the ratio between
segmented neutrophils and mature monocytes (SeMo). This study reported the opposite: a
SeMo ratio of <16 in critically ill septic patients was associated with a higher risk of 28-day
mortality [23]. A likely explanation for the difference in findings between the study of
Fang et al. and our study is the use of a different analyzer with incomparable measuring
methods. Additionally, the current study had a different study population. In the study of
Fang et al., only patients with severe sepsis or septic shock who were already admitted to
the ICU were included, compared to only 98 (5.2%) patients in our population that were
considered critically ill based on the qSOFA score. For NLPR, there are several studies
that showed the association between higher perioperative levels and postoperative AKI
and mortality [21,40,41]. Furthermore, another study indicated that an NLPR of ≥15.48
was associated with 28-day mortality in septic patients, which is concordant with the
association of higher NLPR values with AKI and mortality in the present study [42]. In line
with the current findings, several studies found an association between high PLR levels,
high SII-index values and mortality [33,34,43,44].
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There are several potential pathophysiological reasons why these inflammatory hema-
tological ratios are associated with AKI. The pathophysiology of AKI in severe infections
and sepsis is complex and multifactorial [9]. Septic AKI is often attributed to an ischemia–
reperfusion injury resulting from hypoperfusion and shock. However, studies have found
that AKI in patients with infections and sepsis can even occur in the absence of hypoperfu-
sion [10,45]. Moreover, it was shown that an inflammatory response was even present in
patients with non-severe infections and AKI [10,46]. The role of inflammation in AKI is still
not completely understood, but it is likely that pro-inflammatory changes in the endothelial
and epithelial cells of the kidney play an important role [47,48]. This is caused by a complex
inflammatory process that is triggered by both the innate and adaptive immune system.
In the initial phase, renal epithelial cells increase the expression of damage-associated
pattern (DAMP) molecules and Toll-like receptors (TLRs). This induces a recruitment of
innate immune cells, including neutrophils and macrophages [49,50]. At the same time,
macrophages and neutrophils are activated by natural killer T cells that transfer from the
vascular system to the renal tissue [51]. Neutrophils are mainly involved during the first
24 h by endothelium adherence and the release of cytokines, reactive oxygen species, and
proteases [52,53]. This is followed by a reaction of the adaptive immune system in which
lymphocytes cause cellular damage in combination with the release of pro-inflammatory
cytokines [52,53].

The present study has several strengths. Our study included a large and well-defined
cohort of patients. The SPACE cohort represents a similar population to the population that
is generally seen in the emergency department, which makes the results of this study clini-
cally relevant. Additionally, to our knowledge, this is the first study that investigated which
hematological ratios are associated with AKI in patients suspected of having an infection at
the emergency department. There are two studies that investigated the association between
hematological ratios and the occurrence of AKI at the emergency department [25,31]. How-
ever, these studies did not specifically investigate patients that were suspected of having
an infection and both studies only investigated a single ratio. Furthermore, sensitivity
analyses with different time endpoints for the same outcomes showed similar results,
which contributes to the robustness of the main results. Nonetheless, this study also has
several limitations. Firstly, although some of the data in the SPACE cohort were collected
prospectively, data on SCr levels were collected retrospectively and therefore the occurrence
of the primary endpoint of AKI might possibly be underestimated, as only patients with
available follow-up SCr data could be included in the analyses. We had no data available on
urinary output, limiting our definition of AKI. Additionally, it is known in mice that sepsis
reduces muscle perfusion. Consequently, the production of creatinine falls, which limits the
usability of SCr for early detection of AKI in septic patients [54]. On top of that, AKI could
be underdiagnosed due to dilutional effects of fluid-resuscitation therapy. Secondly, it is
important to point out that this study was conducted in a tertiary-care institution and that
a considerable amount of the patients was immunocompromised. This might make results
less generalizable to other settings, since these patients might have a less-reactive immune
response. Nonetheless, we corrected for immune status in our analyses and therefore expect
this to have minor influence on our final results. Lastly, we did not have data on cause of
death within the SPACE cohort. Therefore, although this would have been interesting, we
were unable to investigate to what extent AKI contributed to mortality.

The use of inflammatory hematological ratios as additions to the current practice could
be useful for the initiation of early treatment such as the discontinuation of nephrotoxic
agents, optimization of volume status and perfusion pressure, and monitoring serum
creatinine and urine output [55]. This could prevent or limit the extent of short- and
long-term outcomes such as the development of chronic kidney disease or end-stage
renal disease with the need for costly and life-impacting interventions such as RRT [6,7].
Nonetheless, the diagnosis of AKI mostly depends on the use of traditional indicators
such as serum creatinine, which is fairly delayed and is often increasing when AKI is
already present [56]. Blood-count parameters such as NLR, SMR and NLPR are easily
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calculated since blood counts are measured in most patients at the emergency department
when there is a suspicion of infection. Therefore, these ratios are easy applicable in the
emergency-department setting with low costs, even in patients with less-severe infections
who might still be at risk of developing AKI.

In conclusion, the inflammatory hematological ratios NLR, SMR and NLPR are asso-
ciated with an increased risk of AKI and mortality in patients with suspected infections
at the emergency department. This is an important step forward for the early recognition
of AKI and might enable physicians to initiate treatment in an early phase. In the future,
additional prospective studies that investigate the implementation of these ratios in clinical
models are needed.
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10.3390/jcm11041017/s1, Figure S1: Distribution of hematological ratios after stratification for AKI
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14-day all-cause mortality.
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28. Parlar, H.; Şaşkın, H. Are Pre and Postoperative Platelet to Lymphocyte Ratio and Neutrophil to Lymphocyte Ratio Associated
with Early Postoperative AKI Following CABG? Braz. J. Cardiovasc. Surg. 2018, 33, 233–241. [CrossRef]

29. Kim, W.H.; Park, J.Y.; Ok, S.-H.; Shin, I.-W.; Sohn, J.-T. Association Between the Neutrophil/Lymphocyte Ratio and Acute Kidney
Injury after Cardiovascular Surgery: A Retrospective Observational Study. Medicine 2015, 94, e1867. [CrossRef]

30. Kim, H.Y.; Kong, Y.-G.; Park, J.H.; Kim, Y.-K. Acute kidney injury after burn surgery: Preoperative neutrophil/lymphocyte ratio
as a predictive factor. Acta Anaesthesiol. Scand. 2019, 63, 240–247. [CrossRef]

31. Kim, J.H.; Park, Y.S.; Yoon, C.-Y.; Lee, H.S.; Kim, S.; Lee, J.W.; Kong, T.; You, J.S.; Park, J.W.; Chung, S.P. Delta Neutrophil Index for
the Prediction of the Development of Sepsis-Induced Acute Kidney Injury in the Emergency Department. Shock 2019, 52, 414–422.
[CrossRef] [PubMed]

32. Wan, J.; Zou, G.; He, B.; Zhang, C.; Zhu, Y.; Yin, L.; Lu, Z. Development and External Validation a Novel Inflammation-Based
Score for Acute Kidney Injury and Prognosis in Intensive Care Unit Patients. Int. J. Gen. Med. 2021, 14, 2215–2226. [CrossRef]
[PubMed]

33. Chen, Y.; Feng, F.; Li, M.; Yuan, J.-J.; Chang, X.-N.; Wei, B.-H.; Du, H.; Dong, C.-M. Relationship between platelet/lymphocyte
ratio and prognosis of patients with septic acute kidney injury: A pilot study. J. Chin. Med. Assoc. 2020, 83, 1004–1007. [CrossRef]
[PubMed]

34. Zheng, C.-F.; Liu, W.-Y.; Zeng, F.-F.; Zheng, M.-H.; Shi, H.-Y.; Zhou, Y.; Pan, J.-Y. Prognostic value of platelet-to-lymphocyte ratios
among critically ill patients with acute kidney injury. Crit. Care 2017, 21, 238. [CrossRef]

35. Xu, J.; Hu, S.; Li, S.; Wang, W.; Wu, Y.; Su, Z.; Zhou, X.; Gao, Y.; Cheng, X.; Zheng, Q. Systemic immune-inflammation index
predicts postoperative acute kidney injury in hepatocellular carcinoma patients after hepatectomy. Medicine 2021, 100, e25335.
[CrossRef]

36. Lorente, L.; Martín, M.M.; Ortiz-López, R.; Alvarez-Castillo, A.; Ruiz, C.; Uribe, L.; González-Rivero, A.F.; Pérez-Cejas, A.;
Jiménez, A. Association between neutrophil-to-lymphocyte ratio in the first seven days of sepsis and mortality. Enferm. Infecc.
Microbiol. Clin. 2020, in press, corrected proof. [CrossRef]

http://doi.org/10.1681/ASN.2010111124
http://www.ncbi.nlm.nih.gov/pubmed/22021710
http://doi.org/10.1186/s13613-019-0561-4
http://www.ncbi.nlm.nih.gov/pubmed/31388845
http://www.ncbi.nlm.nih.gov/pubmed/11723675
http://doi.org/10.1016/j.amjsurg.2007.12.057
http://www.ncbi.nlm.nih.gov/pubmed/18639229
http://doi.org/10.1186/s12873-019-0293-7
http://doi.org/10.1001/jama.2016.0287
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.1515/CCLM.2007.009
http://doi.org/10.1053/j.jvca.2017.08.033
http://www.ncbi.nlm.nih.gov/pubmed/29128485
http://doi.org/10.1158/1078-0432.CCR-14-0442
http://www.ncbi.nlm.nih.gov/pubmed/25271081
http://doi.org/10.1371/journal.pone.0187088
http://www.ncbi.nlm.nih.gov/pubmed/29073262
http://doi.org/10.1007/s11739-017-1715-8
http://doi.org/10.1016/j.intimp.2019.02.043
http://www.ncbi.nlm.nih.gov/pubmed/30852292
http://doi.org/10.3109/0886022X.2014.982477
http://doi.org/10.21470/1678-9741-2017-0164
http://doi.org/10.1097/MD.0000000000001867
http://doi.org/10.1111/aas.13255
http://doi.org/10.1097/SHK.0000000000001299
http://www.ncbi.nlm.nih.gov/pubmed/30883453
http://doi.org/10.2147/IJGM.S311021
http://www.ncbi.nlm.nih.gov/pubmed/34103975
http://doi.org/10.1097/JCMA.0000000000000404
http://www.ncbi.nlm.nih.gov/pubmed/32773589
http://doi.org/10.1186/s13054-017-1821-z
http://doi.org/10.1097/MD.0000000000025335
http://doi.org/10.1016/j.eimc.2020.11.004


J. Clin. Med. 2022, 11, 1017 12 of 12

37. Spoto, S.; Lupoi, D.M.; Valeriani, E.; Fogolari, M.; Locorriere, L.; Beretta Anguissola, G.; Battifoglia, G.; Caputo, D.; Coppola, A.;
Costantino, S.; et al. Diagnostic accuracy and prognostic value of neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios in
septic patients outside the intensive care unit. Medicina 2021, 57, 811. [CrossRef]

38. Fan, L.L.; Wang, Y.J.; Nan, C.J.; Chen, Y.H.; Su, H.X. Neutrophil-lymphocyte ratio is associated with all-cause mortality among
critically ill patients with acute kidney injury. Clin. Chim. Acta. 2019, 490, 207–213. [CrossRef]

39. Rizo-Téllez, S.A.; Méndez-García, L.A.; Flores-Rebollo, C.; Alba-Flores, F.; Alcántara-Suárez, R.; Manjarrez-Reyna, A.N.; Baltazar-
López, N.; Hernández-Guzmán, V.A.; León-Pedroza, J.I.; Zapata-Arenas, R.; et al. The neutrophil-to-monocyte ratio and
lymphocyte-to-neutrophil ratio at admission predict in-hospital mortality in mexican patients with severe sars-cov-2 infection
(Covid-19). Microorganisms 2020, 81, 560. [CrossRef]

40. Gameiro, J.; Fonseca, J.A.; Dias, J.M.; Milho, J.; Rosa, R.; Jorge, S.; Lopes, J.A. Neutrophil, lymphocyte and platelet ratio as a
predictor of postoperative acute kidney injury in major abdominal surgery. BMC Nephrol. 2018, 19, 320. [CrossRef]

41. Li, Y.; Zou, Z.; Zhang, Y.; Zhu, B.; Ning, Y.; Shen, B.; Wang, C.; Luo, Z.; Xu, J.; Ding, X. Dynamics in perioperative neutrophil-
to-lymphocyte*platelet ratio as a predictor of early acute kidney injury following cardiovascular surgery. Ren. Fail. 2021, 43,
1012–1019. [CrossRef] [PubMed]

42. Liu, D.; Yu, Z.; Zhang, D.; Zhang, J.; Zhang, Y.; Wang, X. Value of neutrophil to lymphocytes and platelets ratio for predicting
28-day mortality in sepsis patients. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2021, 33, 33–37. [CrossRef] [PubMed]

43. Shen, Y.; Huang, X.; Zhang, W. Platelet-to-lymphocyte ratio as a prognostic predictor of mortality for sepsis: Interaction effect
with disease severity—A retrospective study. BMJ Open 2019, 9, e022896. [CrossRef]

44. Agus, H.Z.; Kahraman, S.; Arslan, C.; Yildirim, C.; Erturk, M.; Kalkan, A.K.; Yildiz, M. Systemic immune-inflammation index
predicts mortality in infective endocarditis. J. Saudi Heart Assoc. 2020, 32, 58–64. [CrossRef] [PubMed]

45. Langenberg, C.; Wan, L.; Egi, M.; May, C.N.; Bellomo, R. Renal blood flow in experimental septic acute renal failure. Kidney Int.
2006, 69, 1996–2002. [CrossRef] [PubMed]

46. Peerapornratana, S.; Manrique-Caballero, C.L.; Gómez, H.; Kellum, J.A. Acute kidney injury from sepsis: Current concepts,
epidemiology, pathophysiology, prevention and treatment. Kidney Int. 2019, 96, 1083–1099. [CrossRef] [PubMed]

47. Kinsey, G.R.; Li, L.; Okusa, M.D. Inflammation in acute kidney injury. Nephron. Exp. Nephrol. 2008, 109, e102–e107. [CrossRef]
48. Le Dorze, M.; Legrand, M.; Payen, D.; Ince, C. The role of the microcirculation in acute kidney injury. Curr. Opin. Crit. Care 2009,

15, 503–508. [CrossRef]
49. Jang, H.R.; Rabb, H. The innate immune response in ischemic acute kidney injury. Clin. Immunol. 2009, 130, 41–50. [CrossRef]
50. Rabb, H.; O’Meara, Y.M.; Maderna, P.; Coleman, P.; Brady, H.R. Leukocytes, cell adhesion molecules and ischemic acute renal

failure. Kidney Int. 1997, 51, 1463–1468. [CrossRef]
51. Zhang, Z.-X.; Wang, S.; Huang, X.; Min, W.-P.; Sun, H.; Liu, W.; Garcia, B.; Jevnikar, A.M. NK Cells Induce Apoptosis in Tubular

Epithelial Cells and Contribute to Renal Ischemia-Reperfusion Injury. J. Immunol. 2008, 181, 7489–7498. [CrossRef] [PubMed]
52. Jang, H.R.; Rabb, H. Immune cells in experimental acute kidney injury. Nat. Rev. Nephrol. 2015, 11, 88–101. [CrossRef] [PubMed]
53. Lee, S.A.; Noel, S.; Sadasivam, M.; Hamad, A.R.A.; Rabb, H. Role of Immune Cells in Acute Kidney Injury and Repair. Nephron

2017, 137, 282–286. [CrossRef] [PubMed]
54. Doi, K.; Yuen, P.S.T.; Eisner, C.; Hu, X.; Leelahavanichkul, A.; Schnermann, J.; Star, R.A. Reduced production of creatinine limits

its use as marker of kidney injury in sepsis. J. Am. Soc. Nephrol. 2009, 20, 1217–1221. [CrossRef] [PubMed]
55. Kellum, J.A.; Lameire, N.; Aspelin, P.; Barsoum, R.S.; Burdmann, E.A.; Goldstein, S.L.; Herzog, C.A.; Joannidis, M.; Kribben, A.;

Levey, A.S.; et al. Kidney disease: Improving global outcomes (KDIGO) acute kidney injury work group. KDIGO clinical practice
guideline for acute kidney injury. Kidney Int. Suppl. 2012, 2, 1–138.

56. Waikar, S.S.; Bonventre, J. V Creatinine kinetics and the definition of acute kidney injury. J. Am. Soc. Nephrol. 2009, 20, 672–679.
[CrossRef]

http://doi.org/10.3390/medicina57080811
http://doi.org/10.1016/j.cca.2018.09.014
http://doi.org/10.3390/microorganisms8101560
http://doi.org/10.1186/s12882-018-1073-4
http://doi.org/10.1080/0886022X.2021.1937220
http://www.ncbi.nlm.nih.gov/pubmed/34187280
http://doi.org/10.3760/cma.j.cn121430-20200727-00545
http://www.ncbi.nlm.nih.gov/pubmed/33565397
http://doi.org/10.1136/bmjopen-2018-022896
http://doi.org/10.37616/2212-5043.1010
http://www.ncbi.nlm.nih.gov/pubmed/33154893
http://doi.org/10.1038/sj.ki.5000440
http://www.ncbi.nlm.nih.gov/pubmed/16641923
http://doi.org/10.1016/j.kint.2019.05.026
http://www.ncbi.nlm.nih.gov/pubmed/31443997
http://doi.org/10.1159/000142934
http://doi.org/10.1097/MCC.0b013e328332f6cf
http://doi.org/10.1016/j.clim.2008.08.016
http://doi.org/10.1038/ki.1997.200
http://doi.org/10.4049/jimmunol.181.11.7489
http://www.ncbi.nlm.nih.gov/pubmed/19017938
http://doi.org/10.1038/nrneph.2014.180
http://www.ncbi.nlm.nih.gov/pubmed/25331787
http://doi.org/10.1159/000477181
http://www.ncbi.nlm.nih.gov/pubmed/28601878
http://doi.org/10.1681/ASN.2008060617
http://www.ncbi.nlm.nih.gov/pubmed/19389851
http://doi.org/10.1681/ASN.2008070669

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population and Data Collection 
	Hematological Ratios 
	Outcomes and Definitions 
	Statistical Analyses 

	Results 
	Study Population and Baseline Characteristics 
	Incidence of AKI 
	Hematological Ratios in AKI and Non-AKI Patients 
	Associations between Hematological Ratios and AKI 
	Association between Hematological Ratios and Mortality 
	Sensitivity Analysis 

	Discussion 
	References

