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Introduction

Chronic kidney disease (CKD) is defined as
abnormalities of structure or function of the
kidneys which are present for more than three
months with implication for health1. CKD leads to
a gradual decline in renal function, often pro-
gressing to the point where intensive treatments
such as dialysis or kidney transplantation become
necessary. Based on the glomerular filtration rate
(GFR), CKD is classified into six stages:

• Stage 1: Normal or high GFR (90 mL/min/
1.73m2)

• Stage 2: Mildly decreased GFR (60-89 mL/min/
1.73m2)

• Stage 3a: Mild to moderate decrease in GFR
(45-59 mL/min/1.73m2)

• Stage 3b:  Moderate to severe decrease
(30-44 mL/min/1.73m2)
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Abstract

The incidence and prevalence of chronic kidney
disease is rising in Sri Lanka. This study aimed to
evaluate the degree and type of anaemia,
erythrocyte sedimentation rate, thrombocy-
topenia, hypersegmented neutrophils, and burr
cells in patients with chronic kidney disease across
different stages. A descriptive cross-sectional
study was conducted at Teaching Hospital
Karapitiya, enrolling 114 CKD patients: 49 in
stages 3 & 4, 26 in stage 5 non-dialysis, and 39 on
haemodialysis. Data was collected via ques-
tionnaires and routine full blood counts. Anaemia
was present in 82.3% of the cohort, with a mean
haemoglobin of 10.61 g/dL. Prevalence rates were
75.5% in stages 3 & 4, 76.9% in stage 5 non-dialyzed
and 94.7% in haemodialyzed patients. Haemo-
globin levels in patients on haemodialysis were
significantly lower by 2.4 g/dL compared to stages
3 & 4 and 1.86 g/dL compared to stage 5 non-
dialyzed patients. (P<0.001). Normochromic
normocytic anaemia was the most common
(82.3%), while hypochromic microcytic anaemia
was found in 16.8% overall and 42.1% of dialyzed

patients. Thrombocytopenia affected 18% of
patients, where prevalence increased from 10.2%
in stages 3 & 4 to 25.6% in dialyzed patients.
Moderate thrombocytopenia was seen only in
dialyzed patients (10.3%), with their significantly
lower mean platelet count, compared to stages
3 & 4 (P=0.04). Elevated ESR occurred in 75.2%,
which increased with disease progression without
statistical significance. Markedly elevated ESR
(>100 mm/ hr) was observed in 3.53 % of patients.
Hypersegmented neutrophils were present in all
patients, being highest in stage 5 non-dialyzed
(P=0.001) and next in dialyzed patients (P=0.004).
Burr cells increased with CKD progression without
statistical significance.
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• Stage 4: Severe decrease (15-29 mL/min/
1.73m2)

• Stage 5: Kidney failure (GFR <15 mL/min/
1.73m2)

CKD affects approximately 9.1% of the global
population, with an increasing prevalence in Sri
Lanka3, where it ranked as the fifth leading cause
of death in 20194. In recent decades, a new form,
chronic kidney disease of uncertain aetiology
(CKDu), has emerged in Sri Lanka’s dry zone, placing
a significant burden on the national healthcare
system5. Anaemia is a common complication in
CKD, often accompanied by thrombocytopenia,
elevated erythrocyte sedimentation rate (ESR),
hyper-segmented neutrophils and the presence
of burr cells. This study aimed to evaluate these
haematological parameters in a cohort of patients
in a government hospital of Sri Lanka and contribute
to the limited body of research in this area.

Methods

This descriptive cross-sectional study was
conducted over one year at the Nephrology Clinic
and Dialysis Unit of Teaching Hospital Karapitiya,
Galle, Sri Lanka. A total of 114 adult CKD patients in
stages 3 to 5 were enrolled, regardless of gender,
underlying cause, clinical profile or treatment
status. Patients were categorized into three
groups, Stage 3 & 4, stage 5 not on dialysis and
stage 5 on dialysis. Data were collected using
interviewer-administered, pretested question-
naires covering detailed medical and treatment
histories. Individuals with a recent history of blood
transfusion within three months were excluded
from the study. The samples with platelet clumps
were excluded from the platelet related data and
morphology suggestive of haemoglobinopathy
were excluded from red cell related data.

Routine clinic Full blood count (FBC) samples, in
ethylene diamine tetra acetic acid (EDTA) analyzed
by Beckman coulter LH 780 analyzer, were used to
assess haemoglobin, red cell indices, white cell
count and platelet count. ESR was assessed by
Westergren method. Blood films were stained
manually in Leishman’s stain and morphological
assessment of red cells and enumeration of burr
cells and hyper-segmented neutrophils were done

by the principal investigator. Hypersegmented
neutrophils were counted in ten x40 power fields
and average was calculated. In an area of evenly
distributed red cells, under the x100 power oil
emersion field, total number of red cells (n) was
counted in three consecutive fields. Mean red cell
number was calculated dividing total number of
red cells by three (n/ 3). The number of burr cells
was counted in ten consecutives ×100 power
fields (Y).

Burr cell percentage =Y/10 ÷ n/3 ×100.

Statistical analysis was performed using SPSS
statistics for windows 2018 ANOVA. The statistical
significance level was set to P<0.05.

Results

In the total of 114 patients, there were 49 in CKD
stage 3 & 4, 26 in stage 5 non-dialyzed group and 39
in stage 5 dialyzed group. The total sample
consisted of 72 males (63.15%) and 42 females
(36.84%) with a male to female ratio of 1.71: 1. The
mean age of the total sample was 59.5 years which
ranged from 19 to 86 years.

Anaemia

Anaemia-related data were analysed for 113
patients (Figures 1 & 2). Overall, 82.3% of the cohort
were anaemic, with prevalence rates of 75.5% in
stage 3 & 4, 76.9% in stage 5 non-dialyzed (5 ND),
and 94.73 % in dialysis (5 D) patients.

Figure 1. The prevalence of anaemia.
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The mean haemoglobin level for the total sample
was 10.61 g/dL (SD ±1.94 g/dL). In patients with
stage 3 & 4 CKD, it was 11.55 g/dL (±1.54 g/dL),
11.00 g/dL (±1.34 g/dL) in stage 5 non-dialyzed
(5 ND) patients and 9.15 g/dL (±1.91 g/dL) in those
undergoing dialysis (5D). Based on red cell indices,
93 patients in the total sample had normochromic
normocytic anaemia (NCNC), while 19 patients

Figure 2. Prevalence of anaemia among the
three study groups.

 NCNC 

 

HCMC 

 

Macrocytic  

Figure 3. Morphological sub type of anaemia.

(16.81%) had hypochromic microcytic anaemia
(HCMC) and one patient (0.8%) had macrocytic
anaemia. Among stage 3 & 4 CKD patients (N=47),
95.91% had NCNC anaemia, while 2.04% (N=1) had
HCMC anaemia and 2.04% (N=1) had macrocytic
anaemia. In the stage 5 non-dialyzed group, 92.3%
(N=24) had NCNC anaemia and 7.69% (N=2) had
HCMC anaemia. Among dialysis patients, 57.89%
(N=22) had NCNC anaemia, while 42.1% (N=16) had
HCMC anaemia. No patients in the stage 5 groups
had macrocytic anaemia (Figure 3).

Anaemia was defined and classified according to
the WHO anaemia classification9. In stages 3 & 4,
the prevalence of mild and moderate anaemia was
42.85% and 32.65%, respectively. Severe anaemia
was not observed among these patients. Among
stage 5 non-dialyzed patients, 42.3% had moderate
anaemia, and 3.8% had severe anaemia. In the
dialysis group, moderate and severe anaemia was
prevalent in 71.05% (moderate anaemia in 50% and
severe anaemia in 21.05%), indicating worsening
anaemia with disease advancement (Table 1).
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The mean haemoglobin of the dialyzed patients
was 2.399 g/dL lower than that of CKD stage 3 & 4
and 1.858 g/dL lower than that of stage 5 non-
dialyzed group. Both were statistically significant
(P=<0.001). The mean haemoglobin of stage 5 non-
dialyzed patients was 0.541 g/dL lower than that
of stage 3 & 4 CKD which was statistically insigni-
ficant (P=0.177).

Thrombocytopenia

Platelet-related data were analysed for all 114
patients. Thrombocytopenia (platelet count <150
×10³/µL) was observed in 21 patients (18.42%)
across the total cohort. The mean platelet count
was 207.66×10³/µL (± 64.76). By subgroup, mean
counts were 219.31×10³/µL (± 63.78) in stage 3 & 4
CKD, 211.08 ×10³/µL (± 62.18) in stage 5 non-dialyzed
patients, and 190.74×10³/µL (±65.66) in the dialysis
group.

Mild thrombocytopenia (platelet count 100-149
×10³/µL), is prevalent in 10.2% of stage 3 & 4 CKD
patients, 23.07% of stage 5 non-dialyzed (stage 5
ND) patients and 15.38% of those on dialysis (5 D).
Moderate thrombocytopenia (50-99×10³/µL) was
found exclusively in dialysis patients (10.25%). No
cases of severe thrombocytopenia (platelet count
<50×10³/µL) were recorded in any group (Figure 4).

The mean platelet count in stage 5 non-dialyzed
patients was 8.229×10³/µL lower than in stage 3 & 4
CKD patients, which was not statistically significant
(P=0.598). Similarly, the mean platelet count in
dialysis patients was 20.333×10³/µL lower than in
stage 5 non-dialyzed patients, which was also not
statistically significant (P=0.213). In contrast, the
platelet count in dialysis patients was 28.563

×10³/µL lower than in stage 3 & 4 patients, which is
statistically significant (P=0.04).

CKD stage 3 / 4 Stage 5ND Stage 5D

Mild anaemia 42.85% 30.76% 23.68%

Moderate anaemia 32.65% 42.30% 50.0%

Severe anaemia 0 3.8% 21.05%

No Anaemia 24.49% 23.07% 5.26%

Table 1. Severity of anaemia among three study groups

Figure 4. Severity of thrombocytopenia.

Erythrocyte sedimentation rate (ESR)

ESR higher than the age and sex-adjusted normal
range was considered elevated11, while values
exceeding 100mm/hr were classified as very high.
In this study, 85 patients (75.22%) had elevated ESR,
while 28 patients (24.77%) had normal ESR levels.
Elevated ESR was found in 75.51% of stage 3 & 4
CKD patients, 72% of stage 5 non-dialyzed (stage 5
ND) patients and 76.92% of dialysis (stage 5D)
patients. Very high ESR values (>100mm/hr)
were observed in only 3.53% of the total cohort
(Figure 5).

The mean ESR for the entire group was 40.79mm/hr
(±26.75). By category, the mean ESR was 38.29mm/hr
(±26.25) in stage 3 & 4 CKD, 40.08mm/hr (±26.95) in
stage 5 non-dialyzed group and 44.38mm/hr
(±27.54) in dialyzed patients).
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The mean ESR in stage 5 non-dialyzed patients was
1.79mm/hr higher than that of stage 3 & 4 CKD
patients; however, this difference was not
statistically significant (P=0.78). Similarly, the mean
ESR in dialysis patients was 4.3mm/hr higher than
in stage 5 non-dialyzed patients, which was also
not statistically significant (P=0.53).

Hypersegmented neutrophils

Hypersegmented neutrophils are defined as
neutrophils with six or more lobes, or when 3%
of neutrophils have at least five lobes in a count of
100 neutrophils on a peripheral blood smear25. In
this study, all blood smears showed the presence
of hyper segmented neutrophils. The mean per-

Figure 5. ESR among the three study groups.

centage in the total cohort was 70.09% (± 26.69).
By CKD category, the mean percentage of
hypersegmented neutrophils was, 58.16% (± 26.11)
in stage 3 & 4 CKD patients, 89.62% (± 16.36) in stage
5 non-dialyzed patients and 72.05% (± 25.15) in
dialysis patients.

The mean percentage in stage 5 non-dialyzed
patients was 31.45% which was higher than in stage
3 & 4 CKD patients with a statistically significant
difference (P=0.001). Dialysis patients had a mean
hypersegmented neutrophil percentage that was
13.8% higher than stage 3 & 4 patients (P = 0.008)
and 17.56% lower than stage 5 non-dialyzed
patients: both differences were statistically
significant (P=0.004). (Table 2).

Burr cells

A total of 114 peripheral blood smears were
examined for the presence of burr cells. The mean
burr cell percentage across the entire sample was
0.59% (±1.47%). According to disease stage, the
mean percentages were 0.38% (±0.92%) in stage
3 & 4 CKD, 0.43% (±0.86%) in stage 5 non-dialyzed
patients and 0.96% (±2.15%) in stage 5 patients
on dialysis respectively. Although the mean
percentage of burr cells showed a gradual increase
with advancing stages of CKD, this trend was not
statistically significant.

(I) Group (J) Group Mean Standard Significance
Difference (I-J) error

Stage 3 & 4 CKD Stage 5ND -31.45 5.80 0.001
Stage 5 D -13.88 5.13 0.008

Stage 5 ND Stage 3 & 4 CKD 31.45 5.80 0.001
Stage 5D -17.56 6.05 0.004

Stage 5D Stage 3 & 4 CKD 13.88 5.13 0.008
Stage 5 ND 17.56 6.05 0.004

Table 2. Comparison of hypersegmented neutrophils among study groups

(Stage 5 ND – Stage 5 CKD patients not on dialysis, Stage 5 D – Stage 5 CKD patients on dialysis) (clinical significance
< 0.05)
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Discussion

Chronic kidney disease is becoming a significant
health problem around the globe including Sri
Lanka3. Most of the Sri Lankan studies on chronic
kidney disease were carried out on the patients
with chronic kidney disease of uncertain aetiology
(CKDu)5. The age-standardized global prevalence
of CKD was higher in women and girls than in men
and boys2. However, this study found a male
predominance in the total cohort (male: female
ratio of 1.71:1) and in each subcategory.

CKD is generally a disease of elderly1.  In this study,
80.7% of patients were over 50 years old. The mean
age of the study sample was 59.5 years,
comparable to findings from a previous Sri Lankan
study6. Most patients in advanced stages of CKD
(stages 3, 4 and stage 5 non-dialyzed) were
between 61 and 70 years of age. However, patients
undergoing dialysis were generally younger, with
the majority falling within the 51-60 age group.

Anaemia associated with chronic kidney disease
(CKD) is typically normochromic and normocytic,
primarily resulting from erythropoietin deficiency24.
In Sri Lanka, most research in this area has focused
on chronic kidney disease of uncertain aetiology
(CKDu), while studies specifically examining the
haematological profiles of CKD patients remain
limited. A descriptive cross-sectional study
conducted at a tertiary care centre in Sri Lanka14

reported an overall anaemia prevalence of 93%.
The study also found that more severe anaemia
was significantly associated with female gender,
advanced stages of renal dysfunction with the need
for haemodialysis. Among the anaemic patients,
60.4% had iron deficiency anaemia, 27.5% had
anaemia of chronic disease and 5.5% had mixed
deficiency anaemia. Consistent with that study, the
majority of patients in our sample cohort also
exhibited normochromic normocytic anaemia,
with worsening of the severity of anaemia with
the disease progression.  A statistically significant
reduction in haemoglobin level was observed in
patients undergoing dialysis compared to those in
both stage 3/4 and stage 5 non-dialyzed groups
(P<0.001).

In theory, dialysis should improve anaemia by
alleviating uraemia-related bone marrow sup-

pression. However, the data suggest that dialysis
itself may contribute to anaemia. Potential contri-
buting factors include blood loss through retention
in the dialysis circuit, frequent phlebotomy,
uraemia-induced platelet dysfunction and
intermittent heparin use during dialysis sessions7.
Supporting this hypothesis is the notably high
prevalence of hypochromic microcytic anaemia
(42.1%) among dialyzed patients.

A descriptive cross-sectional study using data from
the U.S. National Health and Nutrition Examination
Survey (NHANES)16 reported an anaemia pre-
valence of 15.4% in individuals with chronic kidney
disease (CKD), compared to 6.3% in those without
renal disease. These rates are significantly lower
than those observed in our study population.

Thrombocytopenia was observed in the cohort,
affecting one-fifth of patients. The mean platelet
count decreased with the advancement of renal
impairment, particularly in dialyzed patients. This

finding is compatible with the study done by Akbar
Dorgalaleh et al22. Haemodialysis is known to cause
a transient drop in platelet count during the
procedure, primarily due to platelet adhesion,
dialyzer materials, and complement activation23.
However, the platelet reduction observed in our
dialysis patients cannot be attributed to these
mechanisms, as samples were collected prior to
dialysis.

The study noted elevated ESR values in patients,
indicating potential underlying inflammation
associated with renal disease although statistical

significance was not observed with disease
progression. Additionally, hypersegmented neutro-
phils were consistently present, notably in non-
dialyzed patients, suggesting a link to uraemia,
which improved with dialysis.

The study observed elevated ESR levels in

patients, though no significant correlation was
found with disease progression. While Bathon et al19.

found that 20% of end-stage renal disease patients
had ESR levels over 100 mm/ hr, and a Saudi study18

reported similar findings, only 3.53% of our total
sample and 2.56% of dialyzed patients had ESR over

100 mm/ hr.
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The presence of burr cells was very minimal among
the study sample. The increment of burr cells with
advancing renal impairment and presence in very
low numbers in the peripheral blood smear were
compatible with the findings of Indian study by
Rathod et.al20.

Conclusion

Normochromic normocytic anaemia was the most

common type of anaemia observed, consistent
with both local and international data. There was
an increase in the severity of anaemia with the
progression of CKD. Hypochromic microcytic
anaemia was notably more common among dialysis
patients, who also had significantly lower
haemoglobin levels compared to those in stages
3-4 and non-dialyzed stage 5. The platelet counts
declined with advancing disease, with the lowest
levels seen in the dialysis group. ESR values
generally increased with disease severity, though
differences were not statistically significant, and

only a small number of patients had ESR above 100
mm/ hr.

A significant rise in hypersegmented neutrophils
was seen from stages 3-4 to stage 5 non-dialyzed,
followed by a reduction in dialysis patients, likely
due to toxin clearance. Burr cell percentages also
rose with disease progression, though without
statistical significance.

Limitations

The main limitation of the study was the small

sample size, especially in the stage 5 non-dialyzed
and dialyzed groups. A larger sample may have
revealed more statistically significant results.
Additionally, the gender imbalance and wide
variation in patient characteristics and lack of
representation of Sri Lanka’s full ethnic diversity,
may have affected the results highlighting the
need for multi-centre studies to better assess
haematological effects of CKD.

Recommendations

A large multi-centre study is needed to better
understand the haematological profile of chronic

kidney disease (CKD) patients in Sri Lanka. CKD
patients with anaemia, high ESR and thrombo-
cytopaenia require detailed investigations to
identify the cause.
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