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Abstract  

 

In India only few studies are focused on hematological parameters in End Stage Renal Disease (ESRD). This study was 

undertaken to study haematological parameters in ESRD patients undergoing regular haemodialysis and to compare 

haematological parameters in these patients before and after haemodialysis. Chronic Kidney Disease is a global public 

health problem responsible for high morbidity and mortality with greater burden of cost of care especially in developing 

countries like India. Adult patients with ESRD undergoing regular haemodialysis at Tertiary Care Hospital, 

Hemodialysis unit were included in the study, irrespective of their etiology. ESRD was diagnosed by nephrologist with 

creatinine clearance < 15 ml/min calculated by Cockcroft-Gault equation, biochemical and radiological investigations. 

With proper aseptic precautions, 5 ml venous blood collected in EDTA vacutainer just before starting haemodialysis and 

after completion of haemodialysis. Mean age of the patients was 41.03±12.6 years with maximum number of male 

patients with diabetes mellitus with hypertension being most common cause for ESRD. There was statistically significant 

difference in post haemodialysis value as compared with predialysis value for haemoglobin concentration, hematocrit, 

RBC count and platelet count. Globally, the dialysis-monitoring strategy is principally based on measurement of 

biochemical parameters before and after each session of dialysis. This study indicate that most haematological parameters 

in Hemodialysis patients are significantly altered both pre and post haemodialysis. Thus, monitoring the haematological 

parameters may help in deciding erythropoietin stimulating agent dose, preventing possible complications and 

consequently reducing the mortality/morbidity rate in ESRD patients on haemodialysis. 
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INTRODUCTION 
Chronic kidney disease (CKD) is a global 

public health problem and chronic renal failure (CRF) 

is a debilitating condition responsible for high 

morbidity and mortality with greater burden of cost of 

care especially in developing countries like India. 

Because of its costs and the complexity of its treatment, 

proper care is available to very few patients in India. A 

community-based study has not been done to determine 

the prevalence of CRF in India [1, 2]. CKD adversely 

affects the haematopoietic system, most common 

clinical manifestation being anaemia and is often 

contributing substantially to the morbidity and mortality 

of the condition [3].
 
Anaemia is the common sequelae 

of the chronic kidney disease, associated with 

significant morbidity. Anaemia of renal failure begins 

relatively early during the development of kidney 

disease. As the destruction of the kidney progress, the 

degree of the anaemia increases. Amongst 

haematological parameters affected in CKD, 

haemoglobin concentration and RBC indices are 

commonly and severely affected. There is mild to 

moderate leukocytosis and thrombocytopenia at severe 

stage of CKD [4].
 
 

 

Haemodialysis (HD) is most common form of 

renal replacement therapy for CKD stage-V i.e. End 

Stage Renal Disease (ESRD) worldwide and despite use 

of recombinant human erythropoietin (rhEPO), anemia 

a is frequent finding in HD patients. Anemia may be 

predictive of an increased risk of mortality in HD 

patients [5].
 
Many studies have shown that there is 

significant change in hematological parameters i.e. 
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hemoglobin concentration, RBC count and hematocrit 

in patient with CKD after HD as compared to before 

HD. Few studies have been done in India comparing 

haematological parameters before and after HD in 

ESRD patients 

 

Altogether changes in the haematological 

parameters have a major influence in the quality of life 

of HD patients. So there is need to study change in 

haematologic parameters in ESRD patients undergoing 

haemodialysis. The aim was to study haematological 

parameters in ESRD patients undergoing regular 

haemodialysis and to compare haematological 

parameters in these patients pre and post haemodialysis. 

 

MATERIALS AND METHODS 
Source of Data 

ESRD Patients who are undergoing regular 

haemodialysis in dialysis unit of tertiary care hospital 

from south India, from 1
st
 December 2014 to 30

th
 June 

2016 irrespective of the cause of CKD. ESRD is 

diagnosed by clinical features, creatinine clearance < 15 

ml/min calculated by Cockcroft-Gault equation
6
, 

bilateral small kidney visualized on ultrasound or 

reports of nephrologist when available with the patients. 

 

Method of Collection of Data 
The relevant clinical details were collected 

from the patients and general physical examination was 

done. Informed written consent was obtained from the 

patient for blood investigation and with proper aseptic 

precautions 5 ml venous blood was collected in EDTA 

(Ethylene Diamine Tetra-Acetic acid) vacutainer just 

before starting haemodialysis and after completion of 

haemodialysis from venous port and arterial port of in 

vitro circulation of haemodialysis respectively. Blood 

sample was collected only for one setting of HD for 

each patient. 

 

The haematological investigations were done 

at central diagnostic laboratory, Department of 

Pathology by using automated cell counter (Sysmex KX 

21). 

 

Haematological investigations such as Hb 

concentration, RBC count, HCT, Red cell indices i.e 

MCV, MCH, MCHC, Reticulocyte count by using new 

methylene blue, Red cell distribution width (RDW), 

Total leukocyte count (WBC count), Differential 

leukocyte count, Platelet count, Peripheral smear- by 

using Leishman’s stain 

 

Sample Size: 39 patients by referring article [7] and by 

using below formula, 

 
 

 

Where, 

Zα= Z value for alpha level=1.96 

Zβ= Z value for beta level= 1.28  

S= common standard deviation between two 

groups 

d= clinically meaningful difference or mean 

difference 

 

Study Design: Cross sectional comparative study. 

 

INCLUSION CRITERIA 
 ESRD Patients who are undergoing regular 

haemodialysis irrespective of etiology of 

ESRD. 

 

EXCLUSION CRITERIA 
 Patients with haematological malignancy. 

 Haemorrhagic episode in past three months. 

 

STATISTICAL ANALYSIS 
Demographic data is represented by tables and 

charts. The values are expressed in mean ± Standard 

deviation (SD). Data is not following normal 

distribution curve so the median and interquartile range 

is calculated by using SPSS software and Wilcoxon 

signed ranks test is applied as test of significance to 

calculate p value 

 

RESULTS 
Sixty six adult ESRD patients, 51 males (77.27 

%) and 15 females (22.73 %) requiring maintenance 

HD were included in our study. The mean age of male 

and female patients was 41.03±12.6 years and 

41.20±10.31 years respectively. Overall mean age was 

41.03±12.6 years. 

 

The causes for ESRD are varied. Most 

common cause for ESRD was diabetes along with 

hypertension (46.96%) followed by diabetes alone 

(22.7%) and hypertension alone (22.7%). Other causes 

were polycystic kidney disease (PCKD) (4.5%), 

systemic lupus erythematosis (SLE) involving kidney 

(3%), obstructive uropathy (3%) and interstitial 

nephritis (1.5%) were other causes for the ESRD.  

 

Time period of these patients on haemodialysis 

varied from 2 years to 11 years. Maximum number of 

patients (77.27 %) were on HD for period of less than 5 

years. 

 

Following table shows pre haemodialysis and 

post haemodialysis values for various haematological 

parameters in patients with CKD stage V. These values 

are expressed in mean ± SD.  

 

Mean ± SD of pre HD and post HD for 

haemoglobin concentration, RBC count, Hematocrit 

and platelet count was statistically significant. (p value 

< 0.05)  
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Mean ± SD of pre HD and post HD of 

MCV.MCH, MCHC, total leukocyte count, differential 

leukocyte count, RDW and reticulocyte count were 

shown in table 7 with p value > 0.05 which was 

statistically insignificant. 

 

There was significant change of increase in 

haemoglobin concentration, RBC count, HCT and 

decrease in platelet count in post HD values as 

compared to pre HD values. There was no significant 

change in total leukocyte count, differential leukocyte 

count and RBC indices. 

 

Most common peripheral blood smear finding 

was normocytic normochromic anaemia (84.84%) 

followed by microcytic hypochromic anaemia (9.09%) 

and macrocytic anaemia (6.06%). There were no 

changes in peripheral blood smear finding post HD as 

compared to pre HD 

 

Table-1: Pre HD and Post HD haematological parameters in CKD stage V patients (expressed in mean ± SD) and 

p value 

Variables Pre HD Post HD p value 

Hb (g/dl) 8.60 ± 2.02 9.93 + 2.45 0.001 

RBC count (x10
6
/ µl) 3.11 + 0.65 3.51 + 0.82 0.001 

HCT (%) 26.89+ 6.13 30.83+7.45 0.001 

MCV (fL) 86.05+8.52 86.89 +8.36 0.006 

MCH (pg) 27.66+ 3.22 27.51+ 3.17 0.023 

MCHC (g/dl) 31.94± 1.30 31.88 ± 1.21 0.557 

RDW (SD fl) 46.82 ± 4.62 46.75 ± 4.61 0.886 

WBC count ( x10
3
/µl) 5.60 ± 2.03 5.52 ± 1.71 0.622 

DLC- Neutrophils (%) 64.93 ± 6.23 64.60 ± 6.20 0.806 

DLC- Lymphocytes (%) 56.98 ± 10.62 57.50 ± 9.97 0.920 

DLC- Eosinophils (%) 4.84 ± 2.74 4.62 ± 2.67 0.594 

DLC- Monocytes (%) 0.93 ± 0.89 0.86 ± 0.85 0.437 

Platelet counts (x10
3
/µl) 1.94 ± 0.75 1.55 ± 0.60 0.001 

 

Table-2: Comparison of various studies of haemoglobin concentration pre HD and post HD 

Studies Haemoglobin concentration (g/dl) (expressed in mean ± SD ) p value 

Pre HD Post HD 

Present study 8.60 ± 2.02 9.93 ± 2.45 0.001 

Costa et al.,[15] 12.10 ± 1.85 13.20 ± 3.45 0.001 

Pereira et al., [16] 11.77 ± 1.29 13.11 ± 1.68 0.001 

Jaroszynski et al., [17] 10.91 ± 1.43 12.36 ± 1.58 0.002 

Rangel et al., [18] 9.60 ± 2.02 11.45 ± 2.45 0.001 

Geller et al., [19] 10.2 ± 2.12 12.03 ± 2.05 0.001 

Mohamed et al., [20] 10.43 ± 1.44 10.65 ± 1.58 0.002 

Małyszko et al., [21] 11.77 ± 1.20 11.94 ± 1.48 0.124 

Vickers et al., [22] 10.60 ± 1.48 11.01 ± 2.33 0.557 

Inagaki et al., [23] 10.91 ± 2.44 11.03 ± 2.54 0.068 

 

Table-3: Comparison of various studies of RBC count pre HD and post HD 

Studies RBC count ( x 10
6
/ µl) (expressed in mean ± SD ) p value 

Pre HD Post HD 

Present study 3.11 ± 0.65 3.51 ± 0.82 0.001 

Costa et al., [15] 3.96 ± 0.44 4.20 ± 1.44 0.010 

Pereira et al., [16] 4.07 ± 0.29 4.61 ± 0.68 0.001 

Jaroszynski et al., [17] 3.56 ± 0.53 4.01 ± 0.68 0.005 

Rangel et al., [18] 4.01 ± 0.02 4.98 ± 0.45 0.001 

Geller et al., [19] 4.02 ± 0.01 4.78 ± 0.15 0.001 

Mohamed et al., [20] 4.01 ± 0.45 4.98 ± 0.45 0.001 

Małyszko et al., [21] 3.68 3.70 0.457 

Vickers et al., [22] 3.46 ± 1.53 4.01 ± 1.64 0.248 
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Table-4: Comparison of various studies of haematocrit pre HD and post HD 

Studies HCT (%) (expressed in mean ± SD ) p value 

Pre HD Post HD 

Present study 26.89 ± 6.13 30.83 ± 7.45 0.001 

Costa et al., [15] 32.10 ± 4.85 34.20 ± 3.99 0.001 

Pereira et al., [16] 30.4 ± 6.8 32.12 ± 8.3 0.001 

Jaroszynski et al., [17] 28.91 ± 5.43 30.36 ± 6.18 0.002 

Rangel et al., [18] 27.88 ± 6.13 29.63 ± 6.47 0.001 

Geller et al., [19] 31.4 ± 4.8 33.12 ± 4.91 0.001 

Mohamed et al., [20] 28.23 ± 5.63 30.16 ± 6.01 0.002 

Vickers et al., [22] 30.4 ± 6.8 30.22 ± 6.3 0.058 

Inagaki et al., [23] 28.41 ± 4.46 26.17 ± 5.15 0.658 

Małyszko et al., [21] 31.4 ± 4.7 32.02 ± 4.90 0.265 

 

Table-5: Comparison of various studies of platelet count pre HD and post HD 

Studies Platelet count ( x 10
6
/ µl) 

(expressed in mean ± SD ) 

p value 

Pre HD Post HD 

Present study 1.94 ± 0.75 1.55 ± 0.60 < 0.001 

Yeniçerioglu et al., [24] 2.44 ± 1.70 2.05 ± 1.53 0.001 

Pereira et al., [16] 1.92 ± 0.98 1.63 ± 0.75 0.001 

Jaroszynski et al., [17] 2.24 ± 1.67 1.95 ± 1.55 0.001 

Rangel et al., [18] 1.84 ± 0.80 1.33 ± 0.63 0.0001 

Geller et al., [19] 1.72 ± 0.56 1.63 ± 0.63 0.002 

Mohamed et al., [20] 2.24 ± 0.67 2.35 ± 0.45 0.568 

Sloand and Sloand [25] 1.84 ± 0.49 1.93 ± 0.76 0.068 

Romao et al., [26] 1.99 ± 0.46 2.13 ± 0.68 0.094 

Ulusoy et al., [27] 2.30 ± 1.74 2.05 ± 1.40 0.475 

 

DISCUSSION 
Chronic renal failure is a major health problem 

and it greatly affects the economic and social status of 

affected patients. In India Hemodialysis (HD) treatment 

remains the principal method of treatment for correcting 

the renal dysfunction [8, 30]. HD increases longevity of 

ESRD patients by removing the metabolic end products 

and excess of water [9, 31, 32]. The results of this 

present study show that the ESRD patients on regular 

HD display degrees of changes of various 

haematological parameters which are different from 

hematological changes in CKD patients in general. 

 

Monitoring haemoglobin concentration 

response over time is a critical step in anaemia 

management of ESRD patients. An estimation of true 

haemoglobin concentration from insufficient data 

without accounting for short-term variability may lead 

to inappropriate or unnecessary dose adjustments, 

leading to haemoglobin concentration cycling and 

exposing patients to harmful side effects of ESA and 

blood transfusion [10-12, 29]. At this time, no clinically 

accepted standard exists for the frequency of 

haemoglobin concentration monitoring, and dialysis 

facilities use a variety of schedules, ranging from 

weekly to once every 5 weeks (monthly).  

 

The NKF KDOQI™ guidelines published in 

2006 [13] recommended weekly haemoglobin 

concentration monitoring after ESA initiation or dose 

adjustment, but recognized that “… there are no 

reported studies that have systematically compared 

different protocols (i.e., different frequencies of 

haemoglobin concentration /Hct measurements) for 

monitoring the haemoglobin concentration /Hct 

response to Epoetin therapy …” Several researchers 

have attempted to systematically study haemoglobin 

concentration observation frequency. Khan and 

Krishnan [14] retrospectively analyzed the relationship 

between haemoglobin concentration monitoring 

frequency and haemoglobin concentration variability 

from 3212 U.S. dialysis facilities. They reported that 

more frequent haemoglobin concentration monitoring 

was associated with less haemoglobin concentration 

variability and hence clinical impact. 

 

The mean platelet count in the present study 

showed a significance decrease in patients post-HD 

when compared to pre-HD counts. This finding is in 

agreement with findings of study done by Yeniçerioglu 

et al., Pereira et al., Jaroszynski et al., Rangel et al., and 

Geller et al., who reported a significant decrease in 

circulating platelets post-HD when compared to the pre-

HD counts [16-19, 24.  

 

Present study results are not in accordance 

with study done by Mohamed et al. found that there 

were no statistically significant differences between the 

mean platelets count post-HD when compared to pre-

HD counts [20]. Likewise, other studies by Sloand and 
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Sloand, Romao et al., Ulusoy et al., reported that there 

were no significant differences in platelets counts 

between the pre- and post-HD counts [25-27]. 

 

The decrease in platelet count post-HD may be 

due to either the HD procedure itself, through the 

interaction of blood with membranes that may activate 

complement or to the heparin used during dialysis was 

one of the factors accounting for the increased platelet 

aggregation after dialysis.  

 

In a study done by Docci et al., stated that the 

dialysis membrane composition is a major factor 

influencing hemodialysis-associated platelet loss [28].  

 

Peripheral Blood Smear  

Present study showed most common peripheral 

blood smear finding is normocytic normochromic 

anemia (81.81%) followed by microcytic hypochromic 

anemia (9.09%), macrocytic anemia (6.06%) and 

normocytic normochromic anaemia with 

thrombocytopenia. Study done by Pereira et al., Costa 

et al., Rangel et al., and Geller et al., also showed that 

most common peripheral blood smear finding were 

normocytic normochromic anaemia [15-19]. 

 

There were no changes in peripheral blood 

smear finding post HD as compared to pre HD 

 

CONCLUSION 
The results of present study showed changes in 

the haematological parameters post HD as compared to 

pre HD in ESRD patients on HD. There was 

statistically significant increase in haemoglobin 

concentration, haematocrit, RBC count and decrease in 

platelet count post-HD as compared to pre HD values. 

Altered platelets count is usually suggestive of bleeding 

and thrombosis tendency. 

 

Globally, the dialysis-monitoring strategy is 

principally based on measurement of biochemical 

parameters before and after each session of dialysis. 

Statistically significant change in most haematological 

parameters post HD as compared to pre HD could be 

due to haemodilution, HD procedure itselt or heparin 

used during HD. There is a probability that these 

changes could have clinical implications. Thus, 

monitoring the hematological parameters may help in 

preventing possible complications, and consequently 

reducing the mortality/morbidity rate. 

 

However, further randomized and controlled 

studies are necessary to support this hypothesis. Further 

research studies are necessary to follow up patients 

through at least three HD sessions while continuously 

measuring their haematological and haemostatic 

parameters. Data from such studies corroborated with 

clinical data, will be more representative of the effect of 

HD on haematological parameters. 
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