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The platelet-lymphocyte ratio is a promising predictor of early
postoperative acute kidney injury following cardiac surgery: a
case-control study
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Background: Acute kidney injury (AKI) is a common complication following cardiac surgery. This study
explored the correlation between hematological biomarkers and the occurrence of postoperative AKI
following cardiac surgery.

Methods: This was a retrospective case-control, single-center study. This study enrolled 91 patients who
underwent cardiac surgery with cardiopulmonary bypass (CPB) support in Guangdong Provincial People’s
Hospital Zhuhai Hospital between March 2019 and July 2021. The baseline serum creatinine levels of
the patients was <132.6 pmol/L. The patients’ electronic medical records were retrospectively reviewed.
AKI was diagnosed according to the Kidney Disease Improving Global Outcomes (KDIGO) 2012 Acute
Kidney Injury Guideline criteria. Patients who sustained AKT in the 48 hours following cardiac surgery were
categorized as Group A (n=48), while patients with normal serum creatinine levels postoperatively were
categorized as Group B (n=43). The baseline demographic and clinical characteristics of the two groups
were compared. Univariate analysis was performed to evaluate the correlation between biomarkers and
postoperative AKI. Multivariate logistic regression was performed to identify the predictors of AKI following
cardiac surgery.

Results: Forty-cight patients were diagnosed with AKI during the first 48 hours after cardiac surgery,
while 43 patients were found to have normal creatinine levels postoperatively. Multivariate logistic
regression analysis revealed advanced age (P=0.007), preoperative increased creatinine (P=0.023), duration
of intraoperative hypotension (P=0.027), and the platelet-lymphocyte ratio (P/LR; P=0.042) as predictors of
AKI following cardiac surgery with CPB. This study was performed in a single center, which might not be
generalized to whole population. Ongoing review and modification of the surgical protocols may contribute
to bias of the study.

Conclusions: The P/LR can be obtained from a routine blood test, and may potentially be utilized as an

independent indicator of AKI following cardiac surgery.
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Introduction

Cardiac surgery-associated acute kidney injury (CSA-AKI)
is not an uncommon complication following cardiac surgery.
AKI is also an independent risk factor of other postoperative
adverse events, resulting in high fatality rate (1).
The incidence of AKI following cardiac surgery was
previously stated at 5-42% (2), with approximately 1-2% of
these patients requiring renal replacement therapy (3). AKI
is a complex syndrome that varies from minimally deranged
serum creatinine to anuresis. In order to identify patients
at risk of AKI, studies have been conducted to explore
biomarkers that are indicative of CSA-AKI. Multiple factors
have been implicated, including advanced age, chronic
kidney disease, aortic cross-clamping time, duration of
cardiopulmonary bypass (CPB) time, intraoperative blood
pressure, and blood transfusion (4-6).

The exact pathogenesis of CSA-AKI is not fully
understood; however, systemic inflammatory response was
considered to play an important role in the development
of CSA-AKI (7). Platelet activation is currently found
pivotal in the process of inflammatory response by
adhering to endothelium and recruiting neutrophils. A fall
in platelet counts and rise in neutrophils are commonly
observed in patients underwent cardiac surgery with
CPB support. The nadir of early postoperative platelet
count was also reported to be associated with increased
incidence of AKI (8). The neutrophil-lymphocyte ratio
(N/LR) and platelet-lymphocyte ratio (P/LR) are low-cost
systemic inflammatory markers that are easily calculated
from a complete blood count. Recently, some correlations
between elevated N/LR or P/LR and the outcomes of
some critical illnesses (such as septic shock) have been
reported (9). Deranged N/LR levels have also been
described in patients with AKI following major abdominal
surgery (10).

In terms of the distinct pathophysiological changes
in patients who undergo cardiac surgery, the correlation
between CSA-AKI and these blood cell count ratios has
yet to be explored. Hence, this study aims to determine
the connection between the development of CSA-
AKI and the N/LR and P/LR values. We also explored
the potential utility of N/LR and P/LR for predicting
postoperative AKI in the background of cardiac surgery.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6012).
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Methods
Study design and setting

This study was designed as a single-center retrospective
case-control study, and was conducted at Guangdong
Provincial Hospital Zhuhai Hospital. The medical records
of patients who underwent cardiac surgery between March
2019 and April 2021 were retrospectively reviewed. The
operations were performed by the cardiothoracic surgical
team of Guangdong Provincial Hospital Zhuhai Hospital.
After surgery, all patients were transferred to the intensive
care unit (ICU) for further monitoring. As per local
surgical routine, a full blood count and biochemical study
[which contains creatinine, procalcitonin (PCT), brain
natriuretic peptide (BNP), and troponin I (CTnl) levels]
were measured at four separate time points during the
perioperative period, including the preoperative period,
as well as at 0-6, 6-12, and 12-24 hours postoperatively.
There were no additional interventions from the
investigators. According to local policy, informed consent
was waived due to the retrospective nature of the study. All
the procedures performed in this study were in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by institutional review board of School
of Medicine, South China University of Technology.

Participants

Patients aged between 18 and 80 years with a preoperative
baseline serum creatinine level >132.6 pmol/L were
included. All patients enrolled in this study were admitted to
the ICU postoperatively and remained there for 48 hours.
Patients diagnosed with chronic kidney disease, congestive
heart failure (left ventricular ejection fraction less than
30%), cerebrovascular disease in the last 30 days, chronic
obstructive pulmonary disease, acute infections, malignancy,
thyroid disorders, systemic inflammatory disease, and
preoperative hematological disorder were excluded. Patients
who underwent beating heart cardiac surgery were also
excluded.

Diagnosis

According to diagnostic criteria of the Kidney Disease
Improving Global Outcomes (KDIGO), AKI can be
established by comparing the postoperative serum creatinine
levels with the preoperative serum creatinine levels. If the
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postoperative serum creatinine increased by more than
26.5 pmol/L within 48 hours following the cardiac surgery,
or the postoperative serum creatinine increased to more
than 1.5 times the preoperative creatinine level, a diagnosis
of CSA-AKI can be made. The peak serum creatinine level
during the first 2 days following surgery was employed for
the diagnosis of AKI. Patients who were diagnosed with
AKIT were categorized as Group A, while patients who did
not develop AKI were categorized as Group B.
Hypertension was considered in cases with blood
pressure >140/90 mmHg or those involving use of
antihypertensive medications. Diabetes was considered if
fasting blood glucose was >126 mg/dL or in cases involving
the use of anti-diabetics. Hyperlipidemia was considered if
the total cholesterol level was >220 mg/dL and low-density
lipoprotein (LDL)-cholesterol >130 mg/dL, or in cases
involving the use of anti-hyperlipidemic medications.

Laboratory parameters

Hematologic parameters were obtained by collecting 4mL
venous blood samples with an ethylene diamine tetraacetic
acid (EDTA) tube, and the cellular counts were calculated
using an automated blood count device (Mindray, Model:
BC-5390 CRT ST 67000698, China) in the hematology
lab. P/LR was acquired by dividing the platelet count by the
lymphocyte counts, and N/LR was obtained by dividing the
neutrophil count by the lymphocyte count.

Operative techniques

Intraoperatively, all patients enrolled in our study were
under general anesthesia and CPB with aortic and
venous cannulations. Activated clotting time (ACT) was
monitored during the operation. Standard CPB circuits
were used. Antegrade hypothermic and hyperkalemic blood
cardioplegia were used. CPB flow was kept between 2.2 and
2.5 L/min/m’, and hematocrit was kept between 0.25 and
0.3 during CPB. The types of operation included valvular

replacement, valvular plastic, and coronary artery bypass.

Statistical analysis

SPSS software version 22.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Measurement and
count data were described as the median and range from
minimum to maximum. Data acquired by calculation were
described as percentages (%). Measurement data that was
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normally distributed was assessed using the Kolmogorov-
Smirnov test, while Levene’s test was employed to assess the
homogeneity of distribution for equality of variance. The
Student’s #-test was used to evaluate the differences between
groups that were normally distributed with homogeneity.
The Mann-Whitney U test was used to evaluate differences
between groups that were non-normally distributed or
homogeneous if applicable. Parametric or non-parametric
Pearson chi-square test or Fisher’s exact test were used to
assess difference between groups in count data. The effects
of the risk factors that were suggested to be influential were
investigated using univariate regression analyses. From the
results, the multiple effects of the risk factors that were
suggested to be influential in predicting the CSA-AKI were
studied using retrospective selective multivariate logistic
regression analysis. The multivariate logistic regression
analysis also indicated the odds ratio (OR), 95% confidence
interval (CI), and the significant level for each risk factor.
The sensitivity and the specificity of P/LR and N/LR
in predicting early-stage AKI was demonstrated using a
receiver operating characteristic (ROC) curve. Results were
defined as statistically significant when P<0.05.

The number of cases during 2019 and 2021 determined
the sample size. To handle missing data, a mean substitution
was employed. The mean value of a variable was used
to replace the missing data value for the same variable.
Detection bias could lead to confounding between AKI
and risk factors. To address bias, results of blood tests were
recorded at certain period of time instead of being collected
at fixed specific time.

Results

Table 1 depicts the preoperative demographic and clinical
data of the patients. No differences were observed between
the two groups in terms of their preoperative clinical
conditions. However, the age of Group A was more
advanced compared to Group B (P=0.007).

According to the KDIGO criteria, 48 patients were
diagnosed with CSA-AKI. Forty-four (91.6%) patients
were classified as Stage-I, 3 (6.3%) as Stage-II, and 1
(2%) as Stage-111. Table 2 summarizes the preoperative
hematological parameters of the two groups. Significant
differences were observed in the creatinine levels (P=0.023)
and urea levels (P=0.017) between the two groups.

The patients’ postoperative blood test results are shown
in Table 3. The N/LR between 0-6 hours postoperatively
(P=0.034), P/LR at 6-12 and 12-24 hours postoperatively
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Table 1 Patients’ demographic and clinical data
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Demographic and clinical data Group A: AKI (n=48) Group B: non-AKI (n=43) P value
Age (=65 years), n (%) 20 (41.7) 7 (15.9) 0.008*
Gender, n (%) 0.001*
Male 39 (81.25) 22 (51.16)
Female 9 (18.75) 21 (48.84)
BMI (kg/m?), median [min-max] 24 [16.0-31.76] 23 [17-30] 0.833**
Hypertension, n (%) 15 (46.8) 7 (15.9) 0.075*
Diabetes mellitus, n (%) 10 (16.7) 3(7.0) 0.075*
Hyperlipidemia, n (%) 7 (14.6) 11 (25.6) 0.189*
Ejection fraction (%), median [min—-max] 58.9 [27-79] 63.0 [43-76] 0.050**
Type of cardiac disease, n (%) 0.730"
Valvular disease 44 (91.7) 38 (88.4)
History of atrial fibrillation, n (%) 21 (43.8) 18 (41.9) 0.856*
History of CVA, n (%) 7 (14.6) 3 (7.0 0.323*

*, Pearson chi-square test or Fisher’s exact test; **, Student’s t-test. AKI, acute kidney injury; BMI, body mass index; CVA, cerebral

vascular accident.

Table 2 Preoperative laboratory results

Preoperative laboratory results Group A: AKI (n=48), median [min-max] Group B: non-AKI (n=43), median [min-max] P value*
Preoperative hemoglobin (g/L) 139.4 [106-173] 136.7 [100-161] 0.414
Preoperative hematocrit (%) 41.8 [32.5-53.4] 40.7 [29.2-47.3] 0.240
Preoperative creatinine (umol/L) 90.4 [47-155] 74.7 [36-133] 0.001
Preoperative urea (mmol/L) 6.7 [3.7-14.1] 5.6 [3.2-13.1] 0.017
Preoperative neutrophil count (x10%L) 4.5[1.1-20.4] 4.0 [1.9-6.9] 0.318
Preoperative platelet count (x10%/L) 194.3 [101-331] 212.4 [96-352] 0.131
Preoperative CRP (mg/L) 10.3 [0-168] 3.5[0-25.15] 0.097
Preoperative lymphocyte count (x10%L) 1.6 [0.67-3.51] 1.7 [0.68-3.1] 0.422
Preoperative N/LR 3.5[0.82-20.0] 2.5[0.34-7.838] 0.117
Preoperative P/LR 132.6 [44.5-298.2] 133.1 [66.1-283.8] 0.962

**, Student’s t-test. AKI, acute kidney injury; CRP, C-reactive protein; N/LR, neutrophil-lymphocyte ratio; P/LR, platelet-lymphocyte ratio.

(P=0.017 and 0.035, respectively), change in N/LR at
0-6 hours postoperatively (P=0.016), and change in P/LR
at 0—6 and 6-12 hours postoperatively (P=0.011 and 0.027,
respectively) were significantly different between the two
groups.

In terms of the biochemical parameters, BNP levels at 6,
12, and 24 hours postoperatively (P=0.013, 0.014 and 0.002
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respectively), PCT levels at 6 and 12 hours postoperatively
(P=0.012 and 0.017 respectively), and CTnl level at
24 hours postoperatively (P=0.002) differed significantly
between the two groups. Due to high missing rate of PCT
between 0 and 6 hours postoperatively, this variable was
removed from database.

Table 4 illustrates the intraoperative data of the two
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Table 3 Postoperative blood test of patients

Group A: AKI (n=48), median Group B: non-AKI (n=43), median

Preoperative laboratory results [min-max] [min-max] P value**
Postoperative hemoglobin (g/L)

0-6 hrs 121.1 [87-166] 122.5 [93-150] 0.654

6-12 hrs 128.0 [98-170] 127.9 [95-161] 0.967

12-24 hrs 121.9 [94-152] 120.1 [94-145] 0.530
Postoperative hematocrit (%)

0-6 hrs 36.1 [27.2-49.0] 36.2 [27-43.8] 0.896

6-12 hrs 38.1 [27.7-51.4] 37.8 [28.2-48] 0.824

12-24 hrs 36.4 [27.5-44.5] 35.6 [28-43.7] 0.338
Postoperative neutrophil count (x10%/L)

0-6 hrs 15.4 [4.2-36.35] 17.0 [6.91-105] 0.485

6-12 hrs 14.9 [3.89-23.84] 14.7 [6.04-24.39] 0.821

12-24 hrs 14.4 [3.61-31.66] 13.9 [6.17-24.05] 0.623
Postoperative platelet count (x10%/L)

0-6 hrs 177.4 [73-320] 198.7 [93-311] 0.075

6-12 hrs 145.1 [34-255] 162.5 [64-286] 0.096

12-24 hrs 124.6 [38-229] 142.7 [54-267] 0.077
Postoperative CRP (mg/L)

0-6 hrs 9.2 [0.33-129.3] 3.3[0-14.98] 0.051

6-12 hrs 34.0 [2.64-168.7] 25.9 [1.24-92.24] 0.185

12-24 hrs 83.3 [26.87-206.5] 79.6 [18.4-190.6] 0.634
Postoperative lymphocyte count (x10%/L)

0-6 hrs 1.92 [0.63-4.37] 1.91[0.2-5.14] 0.966

6-12 hrs 0.47 [0.17-1.03] 0.40[0.11-1.13] 0.192

12-24 hrs 0.59 [0.16-1.74] 0.65 [0.04-2.5] 0.507
Postoperative N/LR

0-6 hrs 9.2 [3.40-24.23] 15.9 [3.58-93.45] 0.034

6-12 hrs 41.0 [9.58-140.235] 49.7 [13.76-169.36] 0.161

12-24 hrs 30.0 [8.14-121.69] 39.0 [4.18-528.75] 0.448
Postoperative P/LR

0-6 hrs 110.9 [33.33-293.65] 177.9 [33.12-652.78] 0.017

6-12 hrs 403.3 [43.6-1,226.3] 531.4 [93.2-1,550] 0.035

12-24 hrs 254.5 [71.70-644.44] 366.3 [61.38-4,125] 0.220
Change in N/LR

0-6 hrs 5.7 [-6.88-19.66] 13.4 [0.32-91.06] 0.016

6-12 hrs 37.5[4.83-137.96] 47.2 [12.45-165.43] 0.110

12-24 hrs 26.56 [-0.23 to 101.73] 36.48 [2.85-526.49] 0.397

Table 3 (continued)
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Table 3 (continued)
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Group A: AKI (n=48), median

Group B: non-AKI (n=43), median

Preoperative laboratory results [min-max] [min-max] P value™*
Change in P/LR
0-6 hrs -21.7 [-213.14 to 205.56] 73.4[-111.16 to 1,082.84] 0.011
6-12 hrs 270.7 [-160.64 to 1,048.94] 398.2 [37.01-1,338.51] 0.027
12-24 hrs 121.9 [-132.53 to 513.69] 233.2 [-65.97 to 3,997.52] 0.218
Postoperative BNP
0-6 hrs 527.2 [5-4,953] 174.5 [12-1,007] 0.013
6-12 hrs 883.0 [69-4,953] 346 [40-1,648] 0.014
12-24 hrs 1,328.0 [194-5,053] 630.8 [38-2,152] 0.002
CTnl
0-6 hrs 10,526.1 [678-76,000] 10,101.9 [660.14-80,000] 0.872
6-12 hrs 14,629.6 [1,480-76,000] 10,212.7 [2,543.93-49,455.56] 0.081
12-24 hrs 13,840.9 [930.51-76,000] 5,998.9 [1,703-25,210.15] 0.002
PCT
6-12 hrs 36.2 [0.18-100] 21.6 [0.12-90.45] 0.012
12-24 hrs 35.4 [3.17-100] 21.7 [0.16-99.76] 0.017

**, Student’s t-test. AKI, acute kidney injury; CRP, C-reactive protein; N/LR, neutrophil-lymphocyte ratio; P/LR, platelet-lymphocyte ratio;

BNP, brain natriuretic peptide; CTnl, troponin I; PCT, procalcitonin.

Table 4 Intraoperative data of the patients

Characteristics

Group A: AKI (n=48), median [min- Group B: non-AKI (n=43), median

P value**

max] [min-max]
Aortic cross clamp time (minutes) 103.0 [35-237] 97.7 [50-132] 0.399
CPB time (minutes) 167.7 [73-369] 153.8 [82-224] 0.164
Duration of intraoperative hypotension (minutes) 24.1 [0-87] 14.1 [0-50] 0.011
Use of packed blood cells (units) 2.5[0-8] 2.5[0-7] 0.970
Stay in the ICU (days) 7.2 [1-175] 2.0 [1-6] 0.173
Total duration of hospital stay (days) 26.2 [0-213] 15 [0-37] 0.018

** Student’s t-test. AKI, acute kidney injury; CPB, cardiopulmonary bypass; ICU, intensive care unit.

groups. Significant differences were observed in the
duration of hypotension during surgery (P=0.011) and
length of hospital stay (P=0.018) between the groups.
Univariate and multivariate regression analyses of risk
factors that were suggested to be influential in patients with
AKI were conducted. The results are displayed in Table 5.
In the multivariate regression analysis, variables that were
found to be statistically significant in the univariate analysis
associated with postoperative AKI were analyzed. Through

© Annals of Translational Medicine. All rights reserved.

multivariate regression analysis, age (P=0.007), preoperative
creatinine level (P=0.023), duration of intraoperative
hypotension (P=0.027), and P/LR (P=0.043) at 6-12 hours
postoperatively were identified as independent predictors of

CSA-AKI.

Discussion

In this retrospective study, an independent association was
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Table 5 Analysis of multiple risk factors of CSA-AKI during the perioperative period
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Patient data

Univariate regression analyses

Multivariate regression analyses

Unadjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value
Gender 1.768 (0.77-4.062) 0.179 - -
Age 1.063 (1.029-1.099) 0.000 1.053 (1.014-1.093) 0.007
Diabetes mellitus 3.51(0.897-13.72) 0.077 - -
Hypertension 2.57 (0.939-7.044) 0.066 - -
Hyperlipidemia 0.67 (0.248-1.820) 0.434 - -
Smoking 1.81 (0.72-4.551) 0.207 - -
BMI 0.993 (0.884-1.115) 0.902 - -
Type of cardiac disease 0.691 (0.173-2.759) 0.601 - -
Preoperative LVEF (%) 0.96 (0.916-1.002) 0.062 0.994 (0.935-1.056) 0.837
Preoperative creatinine (umol/L) 1.034 (1.012-1.056) 0.002 1.029 (1.004-1.054) 0.023
Preoperative urea (mmol/L) 1.298 (1.035-1.628) 0.024 - -
Preoperative platelet (x10%L) 0.994 (0.987-1.002) 0.132 - -
Preoperative neutrophil (x10%/L) 1.098 (0.909-1.326) 0.331 - -
Preoperative hemoglobin (g/L) 1.011 (0.985-1.038) 0.410 - -
Preoperative N/LR 1.149 (0.941-1.402) 0.173 - -
Preoperative P/LR 1.000 (0.992-1.008) 0.962 - -
Preoperative CRP (mg/L) 1.038 (0.984-1.095) 0.170 - -
Use of packed blood cells 1.004 (0.821-1.228) 0968 - -
CPB time 1.006 (0.997-1.015) 0.179 - -
Aortic cross clamp time 1.006 (0.992-1.021) 0.399 - -
Duration of intraoperative hypotension 1.031 (1.005-1.058) 0.018 1.032 (1.004-1.062) 0.027
Postoperative hemoglobin (g/L) 1.001 (0.74-1.028) 0.966 - -
Postoperative neutrophil (12 hrs) (x10%L) 1.012 (0.913-1.121) 0.818 - -
Postoperative platelet (12 hrs) (x10%L) 0.993 (0.984-1.001) 0.099 - -
Postoperative N/LR (6 hrs) 0.955 (0.912-1.000) 0.049 0.96 (0.907-1.016) 0.158
Postoperative P/LR (12 hrs) 0.998 (0.997-1.000) 0.043 0.998 (0.996-1.000) 0.043
Change in P/LR at 12hrs 0.998 (0.996-1.000) 0.034 1.000 (0.988-1.012) 0.991
Postoperative CRP (mg/L) (12 hrs) 1.010 (0.995-1.026) 0.191 - -
Postoperative PCT (ng/mL) (12 hrs) 1.020 (1.003-1.037) 0.018 1.006 (0.984-1.029) 0.601
Postoperative BNP (pg/mL) (12 hrs) 1.001 (1.000-1.002) 0.059 1.001 (0.999-1.002) 0.290
Postoperative CTnl (ng/L) (12 hrs) 1.000 (1.000-1.000) 0.118 1.000 (1.000-1.000) 0.996

CSA-AKI, cardiac surgery-associated acute kidney injury; OR, odds ratio; Cl, confidence interval; BMI, body mass index; LVEF,
left ventricular ejection fraction; N/LR, neutrophil-lymphocyte ratio; P/LR, platelet-lymphocyte ratio; CRP, C-reactive protein; PCT,
procalcitonin; BNP, brain natriuretic peptide; CTnl, troponin I.
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observed between decreased P/LR and early postoperative
AKIT following cardiac surgery with CPB support. The
pathophysiology of CSA-AKI is complex and is still not
fully understood.

In terms of pathophysiology, the development of AKI
following cardiac surgery may involve several major
pathways, including hypoperfusion, ischemia-reperfusion
injury, oxidative stress, inflammation, and neuro-humoral
activation (7). Firstly, patients underwent cardiac surgery
are often susceptible to renal hypoperfusion secondary
to low-flow and non-pulsatile perfusion with fluctuation
in body temperature during CPB. However, ischemia-
reperfusion may occur after CPB with the improvement
in renal blood flow. Secondary, exposure of blood to CPB
circuit triggers systemic inflammatory response, leading
to surge of inflammatory cytokines and activation of
completement pathways, then potentially subsequent AKI
following cardiac surgery. Thirdly, the renin angiotensin
aldosterone system and sympathetic nervous system could
be activated by the hypoperfusion during cardiac surgery,
possibly resulting in renal vasoconstriction and impaired
renal perfusion (7).

The role of P/LR, which is a marker of chronic
inflammation, has been studied in different cardiovascular
conditions. As per well demonstrated, inflammation in
the vessel wall plays an important role in the development
atherosclerosis, potentially in process of coronary artery
disease (11). Platelets release various proinflammatory
factors that are important in all through the process of
coronary artery disease and lymphocyte, as a marker of
physical stress, is inversely related to inflammation. Ina
recent systemic review, the increased P/LR, as a robust
marker of inflammation, was reported with significant
correlation with in-hospital mortality in patients with
acute coronary syndrome, stable coronary artery disease
and even heart failure (11). The correlation between AKI
and decreased P/LR has rarely been reported. According
to previous studies, decreased P/LR could potentially be
attributed to a systemic inflammatory response provoked
by CPB and micro-thrombotic events during CPB via the
following mechanisms.

Firstly, platelets are regarded as a potent trigger in
the pathogenesis of inflammatory activation in response
to endothelial activation and neutrophil recruitment.
Some evidence supports the critical role of platelets in
the inflammatory response process, in which platelets
interact with neutrophils, monocytes, and lymphocytes to
modulate innate and adaptive immune responses (12,13).

© Annals of Translational Medicine. All rights reserved.
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Also, platelets adhere to impaired, damaged endothelium and
recruit leukocytes to amplify the inflammatory response (12).

Secondly, the connection between decreased P/
LR and CSA-AKI may be attributed to compromised
microvascular circulation in the kidneys, which is related to
the reduction in blood flow secondary to microthrombus.
Platelets play a central role in coagulation and hemostasis
in cases of surgical event or trauma. Postoperative
thrombocytopenia might result from microvascular
slugging and platelet consumption. Surgical trauma,
ischemia-reperfusion, and CPB itself are potent triggers
of the inflammatory response and have been found to
facilitate the formation of micro-emboli consisting of
activated leukocytes, fibrin, and aggregated platelets.
As a result, this ischemic insult on renal endothelial
cells facilitates the adhesion of platelets and leukocytes,
amplifying inflammatory renal impairment. A previous
retrospective trial reported a significant correlation between
the lowest level of platelet counts and AKI following
on-pump coronary artery bypass grafting (CABG) (8).
During CPB, platelets are activated via intrinsic pathways
by contacting the circuit system, resulting in microvascular
plugging with leukocytes and fibrin, and eventually renal
ischemia and AKI (14). Therefore, thrombocytopenia resulting
from CPB and decreased P/LR may demonstrate a pivotal role
in the pathogenesis of CSA-AKI.

Given the depiction of decreased platelet counts in the
process of CSA-AKI, postoperative thrombocytopenia
might result from this microvascular sludging and platelet
consumption. In this study, P/LR was employed as a
marker of systemic inflammatory response and CSA-AKI.
Compared to platelet count and lymphocyte alone, P/LR
might be a superior marker to represent hypercoagulation
and a hyperactive inflammatory response in some diseases
(15-17). Although a previous study reported that platelet
activation could be prevented by administration of
antiplatelets and reduction in mortality with CSA-AKI (18),
the administration of aspirin was limited due to concerns
about perioperative hemorrhage.

Based on the fact that there is a limited pharmacological
intervention that is effective for current AKI, it would
be meaningful to predict postoperative AKI in the early
stage. In this study, hematological parameters of the early
postoperative period were reviewed according to the time
sequence of the tests, so that the P/LR, N/LR, and platelet
count of different time points can be compared accordingly.
The hematological cell counts changed dramatically after
surgery. As described previously, CPB is technically related
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to a decreased platelet count as a result of activation of
both neutrophils and platelets, while surgical stress could
lead to a suppression of cellular immunity. However, our
data showed that there was no statistically significant
difference in N/LR at these four different time points
between the AKI and non-AKI groups. There was no
correlation between postoperative AKI and perioperative
N/LR, which represented the inflammatory status. These
findings were inconsistent with previous studies (15,19,20).
There was a statistically significant difference in P/LR at
12 hours postoperatively, implying that P/LR in the early
postoperative stage may potentially work as an indicator
of AKI. According to our study, a decrease in P/LR by
one measurement might indicate an increase in the risk of
AKI by 2%. However, this study failed to demonstrate a
cutoff for P/LR to indicate the occurrence of AKI with a
suboptimal area under the ROC curve (AUROC).

In addition to P/LR, our study also revealed advanced age,
elevated preoperative serum creatinine level, and duration of
intraoperative hypotension could potentially be predictive
of postoperative AKI. It was previously well established that
multiple risk factors throughout preoperative, intraoperative
and postoperative periods are associated with occurrence of
CSA-AK]T, including advanced age, female gender, preoperative
low left-ventricular ejection fraction, diabetes mellitus,
high serum creatinine level, chronic obstructive pulmonary
disease, prolonged CPB time, prolonged non-pulsatile
perfusion during surgery and postoperative low cardiac
output (21). In partcular, direct factors related to occurrence
of CSA-AKI might include exposure to nephrotoxic
agents and suboptimal volume status of patients (5).
Contrast agent is considered potentially nephrotoxic.
However, it is not uncommon for coronary catheterization
with contrast agent prior to cardiac surgery. International
consensus suggested avoidance of contrast agents 24 to
72 hours prior to cardiac surgery, so that adequate recovery
of renal cells could be optimized before subsequent surgical
insult (21). Inappropriate perioperative volume status might
closely relate to occurrence of CSA-AKI. Low cardiac
output and overstrict fluid restriction could lead to renal
hypoperfusion, activating renin-angiotensin-aldosterone
system. Corresponding renal vasoconstriction accelerates
the occurrence of CSA-AKI (5). Therefore, optimization
of volume status plays an important role in prevention of
CSA-AKI. Other prophylactic strategies of CSA-AKI might
include the use of diuretics, mannitol and fenoldopam,
which increases renal blood flow (7). Therapeutic
management of AKI following cardiac surgery depends on
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the severity. Diuretics are commonly used to reduce fluid
overload in patients with non-significant AKI while renal
replacement therapy should be considered for presence of
fatal fluid overload, electrolyte and acid-base disturbance (7).

Apart from P/LR, some emerging parameters are found
to detect early postoperative AKI following cardiac surgery.
Neutrophil gelatinase-associated lipocalin (NGAL), a
highly induced protein in kidney secondary to ischemic or
nephrotoxic insult, was considered as a sensitive and specific
marker for early diagnosis of CSA-AKI. NGAL level in urine
was found to increase significantly within 2 hours and decrease
6 hours following cardiac surgery in absence of rise in serum
creatinine (5). Another promising biomarker is interleukin-18,
which was reported to rise within 6 hours following cardiac
surgery (5). Due to requirement of device, these markers are
not widely utilized in clinical settings at this stage.

The authors acknowledge that the present study has
some limitations that should be noted. Firstly, the data
was collected in a single institution, which only functions
as a regional hospital of the suburb, which is unfavorable
for the generalizability of the results. Furthermore, the
sample was from surgeries performed during the first
2 years, when protocols of cardiac surgeries were reviewed and
optimized quarterly. This could be a potential bias affecting
our results. Secondly, the source of bias should be considered
when interpreting our results. As this is a retrospective study,
the baseline laboratory values might not match between
groups perfectly, which might impact on the development of
AKI. Therefore, a large-scaled prospective study would be
recommended for verifying the conclusion in the future.

Conclusions

In conclusion, this study demonstrated a correlation
between decreased P/LR in the early postoperative stage
and CSA-AKI. P/LR, as a surrogate of an inflammatory
response, could be valuable as a marker for the timely
prevention of AKI. If large-scaled prospective studies
are approved, we should aim to demonstrate the casual

relationship between P/LR and CSA-AKI.
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