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Abstract
Aim: Chronic kidney disease and acute kidney injury are global healthcare problems. Renal replacement treatments, such as hemodialysis, are performed 
regularly in an emergency setting to treat these conditions. Predicting the outcomes of these patients can help physicians shape their treatment plan. 
Eosinophils have been shown to play an important role in the inflammatory response. Recent studies also show that they may play a role in endothelial function. 
Previous studies have shown that using the peripheral eosinophil count (EOC) could be effective in tracking the prognosis of patients receiving hemodialysis. 
In our study, our aim was to provide an outlook on the correlation of mortality and EOC alongside other laboratory parameters.
Material and Methods: We analyzed the data of 823 selected patients who received emergency hemodialysis treatment in our dialysis unit between the dates 
01/01/2020 and 01/04/2022. Data analysis was performed using the IBM SPSS 27.0 statistical package program.
Results: We have found increased serum levels of lactate and potassium in addition to increased white blood cell count and neutrophil count in the mortality 
group. We have also found decreased levels of EOC and lymphocyte count along with decreased serum creatinine and sodium levels in the mortality group.
Discussion: Chronic Kidney Disease and acute kidney injury are significant causes of morbidity and mortality. While EOC can provide a limited outlook on their 
short-term mortality rate, more large-scale studies are needed to establish this connection. 
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Introduction
Eosinophils are blood cells that play a role in innate mucosal 
immunity and allergic response in human biology. These cells 
comprise about %1-5 of all circulating leukocytes [1]. Under 
nominal conditions, the number of peripheral eosinophils is 
tightly regulated by various mechanisms [2]. However, it is 
suggested that various diseases and conditions are correlated 
with peripheral eosinophil count (EOC). Although the roles of 
eosinophils are well established in hypersensitivity reactions, 
allergic reactions, and asthma [3], there are also studies that 
report their involvement in chronic diseases such as diabetes, 
cardiovascular diseases, and chronic kidney disease [4, 5].
Chronic kidney disease (CKD) is a significant global healthcare 
challenge with 843 million people affected globally [6]. As a 
result of the large number of patients and the progressive nature 
of the disease, CKD has emerged as one of the leading causes 
of mortality and morbidity, as mentioned by the Global Burden 
of Disease study [7]. Therefore, it is important for healthcare 
providers to make good use of any possible biomarkers that can 
potentially predict disease progression or mortality.
There are several studies that report the correlation between 
CKD and EOC [8-10]. Furthermore, in some studies, patients 
receiving renal replacement therapies such as hemodialysis, 
peritoneal dialysis, or renal transplantation are suggested to 
be more prone to eosinophilia [10, 11]. In addition to CKD, there 
are also studies that mention correlations between EOC and 
another common kidney disease worldwide, acute kidney injury 
[12]. 
Acute kidney injury (AKI) is a common condition seen in %5,0-
%7,5 of hospitalized patients and %50-60 of critically ill 
patients [13]. Although its pathophysiology can vary depending 
on the actual cause of the damage done to the kidney, the 
result can progress to similar results to CKD. AKI patients may 
also need renal replacement therapies as an emergency but 
temporary solution before recovery. 
In our study, our objective was to provide an outlook on the 
correlation between mortality in patients requiring emergency 
hemodialysis and hemogram parameters, focusing primarily on 
EOC.

Material and Methods
Study design and settings
This study was designed as a retrospective observational cohort 
study, conducted between 01/01/2020 and 01/04/2022 in a 
training and research hospital in the western part of Istanbul. 
The patients were retrospectively enrolled in the dialysis center 
registrations. 
All authors and researchers followed the rules and guidelines 
presented by the Declaration of Helsinki while preparing the 
study protocol. As a retrospective study, we were unable to 
obtain the approval forms for the participating patients.
Study size
A total of 919 patients were found to have been treated with 
hemodialysis in our hospital unit according to the records. As 
this was a retrospective study, no additional form of approval 
was presented to the individual patients. We excluded patients 
under 18 years of age from the study. To eliminate possible 
confounders such as toxidromes, liver encephalopathy, and 

hypercalcemia, we have excluded 16 patients who were 
treated with hemodialysis but were not diagnosed with AKI or 
CKD. After data collection and evaluation, we failed to collect 
mortality data for 24 patients, so we excluded these patients 
from the study.56 Patients were excluded from the study as 
their laboratory results were not complete or faulted.
After all data collection, evaluations, and exclusions were 
completed, a total of 823 patients were found to be eligible to 
participate in this study.
Potential sources of bias
As this was a retrospective study, the physician evaluating 
the patient was unaware of the study. This helped to blind the 
primary physician, but also limited our ability to fully evaluate 
the patient by ourselves. We used our hospital records to 
minimize bias in this regard.  This study was carried out in a 
single center; therefore, the results could be affected by the 
local population and conditions.
Statistical Analysis 
Data analysis was performed using the IBM SPSS 27.0 
statistical package program (Armonk, NY: IBM Corp.). In the 
study, patients were divided into two groups: those with or 
without mortality. Categorical data are shown as numbers 
and percentages, and the Pearson chi-square test was used 
in their analysis. In the analysis of continuous variables; The 
suitability of the data for normal distribution was analyzed with 
Kolmogorov–Smirnov and Shapiro Wilk tests and skewness and 
kurtosis values. The Independent Samples t test was used for 
comparisons of normally distributed continuous variables, and 
the Mann Whitney U test was used for data that did not fit. The 
statistical significance level was accepted as p<0.05.
Ethical Approval
This study was approved by the Ethics Committee of İstanbul 
Kanuni Sultan Süleyman Training and Research Hospital (Date: 
2022-05-11, No: KAEK/2022.05.98).

Results
We have included a total of 823 patients in our study. 475 
(%57,7) of these patients were male, while 348 of these patients 
were female. We detected that 640 (%77,8) of our patients had 
a preestablished diagnosis of CKD, while the remaining 183 
(%22,2) had an AKI that required emergency hemodialysis.  
Our data also revealed that 458 of our patients have already 
been treated with routine renal replacement therapy, and all of 
this group receives hemodialysis regularly.  Follow-up data has 

Table 1. Correlation between Mortality and Emergency 
Hemodialysis Diagnosis

Emergency Hemodialysis Diagnosis
Mortality, n (%)

Total
p 

Value

Absent Present

CKD 295 (46.1) 345 (53.9) 640

0.056AKI 99 (54.1) 84 (45.9) 183

Total 394 429 823

Routine Hemodialysis Treatment

Yes 211 (46.1) 247 (53.9) 458
0.246

No 183 (50.1) 182 (49.9) 365

Pearson chi-square test, CKD; Chronic kidney disease, AKI; Acute kidney injury
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shown that out of all 823 patients that we have treated with 
emergency hemodialysis, 429 (%52,1) of the cases resulted in 
mortality during the duration of our study. We did not detect 
any correlation between mortality during the duration of our 
study and receiving emergency hemodialysis with the diagnosis 
of CKD or AKI. The correlation between mortality and causes of 
emergency hemodialysis is shown in Table 1. We have detected 
that serum potassium levels, white blood cell count, neutrophil 
count, and serum lactate levels were statistically significantly 
elevated in the mortality group (p=0.003, 0.005, <0.001, <0.001 
and <0.001, respectively). Data also showed that lymphocyte, 
eosinophil, creatinine, and sodium levels were statistically 
significantly decreased in the mortality group compared to 
the nonmortality group. (p<0.001, 0.001, <0.001 and 0.009, 
respectively). Our study did not find any other statistically 
significant correlation between other parameters and mortality 
(Table 2).

Discussion
In our study, we have analyzed hemogram parameters and more 
specifically eosinophil counts in patients who have received 
emergency hemodialysis. We aimed to find whether there was 
any correlation between mortality in hemodialysis patients and 
peripheral eosinophil count and hemogram parameters.
Our study had some limitations. As a retrospective study, we 
did not have the possibility to evaluate patients in real time. We 
had to use data records from our hemodialysis unit. This study 
was conducted in a single center, which also limits the potential 
scope of the patients.
We have found a mortality rate of %52,1 in patients we treated 
with emergency hemodialysis, during our study. This high rate 

of mortality can be explained by the frailty of patients in need 
of emergency hemodialysis. In a study conducted by Garcia-
Canton et al., short-term mortality rates of frail patients were 
detected as %58,5. The same study also mentioned that chronic 
kidney disease is a great contributor to frailty [14].
Our findings suggest that the EOC decreased statistically 
significantly in the mortality group. This result was also in line 
with the study by Kang et al., which also reported that a slightly 
increased and decreased EOC was associated with mortality 
in hemodialysis patients [15]. The mechanisms behind the 
increase and decrease in eosinophils in hemodialysis patients 
with mortality are still not well defined. However, in addition 
to their role in immunologic and allergic reactions, there are 
studies reporting eosinophils as markers of endothelial damage 
in the progression of vascular disease. This may be one of the 
reasons behind the change in EOC in patients on hemodialysis 
with mortality [16]. Eosinophils also have pro-inflammatory and 
pro-oxidation properties and these can also cause damage to 
hemodialysis patients [15].
Our study also found an increase in white blood cells 
and neutrophils along with a decrease in lymphocytes in 
hemodialysis patients within the mortality group. The parallel 
increase in white blood cells and neutrophils along with a 
decrease in lymphocytes suggests neutrophilic dominance 
in hemodialysis patients with mortality. This result can be 
attributed to the reduced antibacterial properties of neutrophils 
in hemodialysis patients. In a study by Anding et al., a decreased 
neutrophil killing capacity in patients was reported to be 
caused by hyperuremia that results in functional impairment 
in neutrophils from hemodialysis [17]. They did not report a 
decrease in radical oxygen species (ROS) production, despite 
phagocyte ability. Another recent study conducted by Talal et al. 
reports that neutrophils of patients receiving hemodialysis have 
shown a dramatic reduction in ROS production and severely 
impaired extracellular trap formation during an oxidative burst 
[18]. However, both studies support that neutrophils have a 
decreased functionality in terms of killing power in hemodialysis 
patients.
Our data suggest that potassium levels were increased in 
patients in the mortality group. As mentioned by a study 
conducted by Sun et al., hyperkalemia is a major concern in 
hemodialysis patients, as it can cause arrhythmias and sudden 
death. Thus, most patients receiving regular hemodialysis have 
their dietary potassium intake checked according to current 
clinical practice [19]. However, another study conducted by 
Yamaguchi et al. reports that the variability of serum potassium 
level has an impact on mortality in hemodialysis patients rather 
than the mean serum potassium level alone [20].
We have detected a decrease in creatinine in patients in the 
mortality group. This result could be explained by decreased 
body mass and sarcopenia in critically ill patients. In a study 
conducted by Mae et al., it was reported that creatinine 
generation rate can detect sarcopenia in hemodialysis patients 
[21]. Therefore, our findings supported the study by Harada et 
al. that reported that sharp decreases in creatinine over time 
increase the all-cause risk of mortality in hemodialysis patients 
[22].
Our data reports a decrease in serum sodium levels in patients 

Table 2. Correlation between Mortality and Laboratory 
Parameters

Laboratory Parameters
Mortality p 

Value

Absent Present

Hemoglobin 10.05±2.55 9.76±2.12 0.076

Hematocrit 30.54±7.76 30.05±6.62 0.335

MCV 88.25±6.86 88.53±7.32 0.570

Platelet 224.34±91.44 236.23±112.65 0.096

pH 7.31±0.11 7.29±0.11 0.086

pCO2 38.23±8.04 39.01±8.97 0.191

HCO3 19.36±5.96 18.97±5.61 0.334

BE -6.29±7.24 -6.92±6.73 0.199

Potassium 5.02±1.01 5.24±1.08 0.003

Urea 159.87±81.94 168.69±79.55 0.118

WBC 8.92 (5.23) 9.57 (6.06) 0.005

RDW 14.50 (2.03) 15.40 (2.35) <0.001

Neutrophile 6.44 (4.67) 7.68 (6.33) <0.001

Lymphocyte 1.20 (0.93) 1.0 (0.70) <0.001

Eosinophile 0.11 (0.20) 0.07 (0.17) 0.001

pO2 48.25 (28.13) 49.50 (29.80) 0.463

Lactate 1.30 (0.80) 1.63 (0.95) <0.001

Creatinine 7.12 (5.01) 5.98 (3.60) <0.001

Sodium 136 (5) 135 (7) 0.009

Data that fit the normal distribution are shown as mean±SD, and data that do not fit are 
shown as median (IQR). The independent sample t-test was used to analyze normally 
distributed data, and the Mann Whitney U test was used to analyze data that did not fit
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in the mortality group. This outcome could be supported by 
the fact that decreased kidney functions and malnutrition in 
patients who receive hemodialysis can lead to hyponatremia 
[23]. In a study conducted by Rhee et al., hyponatremia in 
hemodialysis patients was reported to be associated with an 
increased risk of mortality [24].
We have found an increase in the serum lactate level in patients 
in the mortality group. Serum lactate levels could be increased 
by sepsis and hypoperfusion; however, lactate is metabolized 
to a lesser extent in kidneys, compared to the liver. Therefore, 
decreased kidney function could also lead to increased lactate. 
Although the relationship between lactate and end-stage renal 
disease remains unclear as mentioned by Puskarich et al., our 
result could be attributed to impaired perfusion and decreased 
lactate clearance [25].
Conclusion
Chronic kidney disease and acute kidney injury can cause 
significant morbidity and mortality. Predicting the short-term 
outcome of these patients is important in their evaluation 
in emergency departments. Peripheral eosinophil count has 
been reported as a possible biomarker for this task in multiple 
studies, as well as ours; however, there are more large-scale 
studies needed to establish this connection.
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