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ABSTRACT

Background: Anaemia occurs in the early stages of
kidney disease and worsens as kidney function
deteriorates. Typical consequences of pneumonia
are impaired erythropoietin production, iron and
vitamin  deficiency, blood loss, shortened
erythrocyte life, chronic inflammation, and a
uremic environment.

Aim :To identify morphological classification of
different types of anemia present in hemodialysis
patients with chronic kidney diseases.

Patients and Methods:After obtaining informed
consent, 4 mL of blood was collected from the vein
of each participant for a complete blood count
(CBC) and peripheral film report. The CBC was
performed using a haematology analyser. All these
patients were previously diagnosed with chronic
kidney failure and were on haemodialysis with an
average duration of 4 years. They developed
anaemia during their illness, so the patients were
evaluated to find out the cause of the anaemia.
Depending on haematological laboratory data,
peripheral blood smear examinations of these 22
patients showed different morphological types of
anemia.  All  patients were on baseline
erythropoietin at 10,000 1U per week.

Results:In this study, 30 patients were included, of
whom 22 were anaemic: 13 males (59%) and 9
females (41%). The age range was 35—75 for males
and 27-62 for females. The most common types of
anemia were normochromic anaemia (50%), which
developed in 11 patients, followed by hypochromic
microcytic anaemia (31.81%), which developed in
7 patients, and macrocytic anemia (18.18%), which
developed in 4 patients. lIron deficiency was
notable found in microcytic anemia and also was
seen in few cases of normocytic and macrocytic
anemia also

Conclusion: Anemia from chronic diseases was the
most frequent in hemodialysis patients. There are

higher levels of inflammatory parameters in
hemodialysis patients than in healthy controls.
Normochromic anemia was the most prevalent
type, followed by microcytic hypochromic and then
macrocytic hypochromic. Inflammatory markers
were higher in most of the patients with normocytic
normochromic relationships, with inflammation
being the cause of EPO resistance.

Key words: anemia ,Microcytic, Normocytic,
Hypochromic, Iron deficiency

l. INTRODUCTION

Anaemia is defined as the concentration of
haemoglobin (Hb) in the blood being below 2 times
the standard deviation of the mean Hg of the
general population, corrected for age and sex. The
following threshold values for Hb <13 g/dl in men
and Hb <12 g/dl in women make the diagnosis of
anaemia according to WHO classification (1)
Anemia is a common complication of chronic
kidney disease (CKD) and causes increased
morbidity and mortality (1). There are various
causes of renal anemia, such as decreased
production of erythropoietin (EPO), resistance to
EPO, shortened survival of red blood cells (RBCs),
etc. (2-3)

This decrease in EPO matches the decline
in kidney function and is the main determinant of
anaemia in CKD. (4) Iron deficiency is common in
India because of low socio-economic status. The
activation of the complement pathway stimulates
the degranulation of mast cells and the release of
inflammatory cytokines. Inflammation is a rapid
and acute protective response to infection or
trauma. [5].

Anaemia represents a significant problem
to deal with in patients with chronic kidney disease
(CKD) on hemodialysis (HD). Renal anaemia is
typically an isolated normochromic, normocytic
anaemia with no leukopenia or thrombocytopenia
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[6]. This is a frequent complication and contributes
considerably to the reduced quality of life (QoL)
[7-9] of patients with CKD. It has also been
associated with a number of adverse clinical
outcomes, including increased morbidity and
mortality [10-16]. In general, there is a progressive
increase in the incidence and severity of anaemia
with declining renal function. The reported
prevalence of anaemia by CKD stage varies
significantly and depends, to a large extent, on the
definition of anaemia and whether study
participants selected from the general population
are at a high risk for CKD. Hence, we study in our
hospital the probable cause and different
morphologies associated with anaemia.
1. MATERIALS AND METHODS
This was a cross-sectional observational
study conducted at a tertiary care hospital. Patients
included in this study were >18 years of age with
CKD stage 5D on haemodialysis. Anemia was
defined according to WHO guidelines, with male
Hb > 13 and female Hb > 12. A sample size was
selected for all patients undergoing haemodialysis
in our centre. Depending on clinical signs,
symptoms, and laboratory diagnostic tests, all those
patients were previously diagnosed with chronic
renal failure and were on hemodialysis. Therefore,
all laboratory tests were performed, including a
complete blood count, peripheral smear, CRP done
by Latex enhanced immuno turbidimetry, serum
iron done by ferene triazine method, total iron-
binding capacity by chromazurol B test, serum
ferritin by chemiluminescence immunoassay
(CLIA), and serum vitamin B12 by CLIA method
for identification of the type of anemia in CKD.
Transferrin saturation (TSAT) is calculated as

Classification of patients

(Serum iron / Serum TIBC) x 100. Written consent
was obtained from all patients for this study.

After a good cleaning of the patient's
venipuncture site, 8 ml of venous blood was
collected using standard collecting techniques, and
the collected blood sample was processed as
follows:

e 4 ml of venous blood is added to a disposable
tube containing an anticoagulant (EDTA K2,
purple cap), after which the tube is repeatedly
inverted several times so that the blood mixes
well with the anticoagulants and used to collect
the whole blood count, blood film, ESR, CRP,
and reticulocyte count using the Mindray
Automated Hematology Auto Analyzer (Cell
Counter) and Sysmex.

e  Another 4 ml of venous blood was added to the
gel tube and, after 5 minutes, centrifuged at
4000 rpm for 10 minutes to obtain serum,
which was used for the determination of serum
iron, serum total iron binding capacity enzyme
essay, serum ferritin, and serum vitamin B12
using the Cobas e41 and Cobas Integra 400
methods.

1. RESULTS

The results of this study were based on an
analysis of 30 patients who are on maintenance
heamodialysis. All patients are on an injection EPO
10 thousand units of therapy. Out of 30 patients, 22
were found to be anaemic. There were 13 males
(59.09%) and 9 females (41%); the age group was
35-75 for males and 27-62 for females.

Sex Numbers (%) Age range ( years)
Male 13 (59.09) 35-75
Female 9 (41) 27-62
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M male
M female

Sex distribution of patients

Microcytic hypochromic

Depending on the CBC analysis of
laboratory  data, peripheral blood smear
examinations from these 22 patients, which showed
different types of anemia, are shown below in the
table. The most common types of anaemia were
normocytic normochromic anemia, which develops
in 11 patients, followed by microcytic hypochromic
anemia, which develops in seven patients, and
macrocytic hypochromic anemia, which develops

Percentage of different types of anaemia

Normocytic normochromic

Macrocytic

in four patients. Microcytic hypochromic
morphology combined with a high red cell
distribution width was used to estimate the
prevalence of iron deficiency.

The determination of types of anaemia in
those patients depends on the results of the
haematological test, which was done for all the
patients.

Types of Anemia Total numbers Percentage (%)
Normocytic Normochromic 11 50

Microcytic Hypochromic 7 31.81
Macrocytichyopocromic 4 18.18

DOI: 10.35629/5252-0506315323

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal ~ Page 317



International Journal Dental and Medical Sciences Research
Volume 5, Issue 6, Nov-Dec 2023 pp 315-323 www.ijdmsrjournal.com ISSN: 2582-6018

Macrocytic,18
%

Microcytic

Mean  haemoglobin  with  standard
deviation noted was 9.1 + 2.1 g/dl, 9.2 + 2.4 g/dI,
and 8.9 + 2.6 g/dl, and mean pack cell volume
noted was 29.1 £ 5.8 %, 27.9 £ 4.9 %, and 29.4
7.5 % in normocytic, microcytic, and macrocytic
anemia, respectively. The mean with standard
deviation of MCV (mean corpuscular volume) was
noted as 86 + 4.1fl, 71 + 4.7fl, and 104 + 3.9fl;
MCH (mean hemoglobin concentration) was noted
at 27 + 0.7pg, 23 + 1.5pg, and 33 * 2.0pg; MCHC
(mean corpuscular hemoglobin concentration) was
noted at 32 + 1.15 g/dL, 31.9 £ 1.19 g/dL, and 32.4
+ 1.27 g/dL; and RDW (red cell distribution) was
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Macrocytic
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48.83333333

Microcytic,
Hypochromic

Normochromic
,50%

noted at 16 + 2.5 %, 18.6 £ 3.0 %, and 16.5+ 1.3 %
in normocytic, microcytic, and macrocytic anemia,
respectively. Serum iron was low (60 mcg/dL) in 8
cases, 7 in microcytic anaemia and 1 in normocytic
anemia, and TIBC (total iron binding capacity) was
high in 9 (more than 450 mcg/dL) cases, and
transferrin saturation, which was calculated using
the formula TSAT= (serum iron/total iron binding
capacity) x 100, showed 12 below the range of
normal, which is 20 for males and 15 for females,
which included 7 in microcytic anemia, 4 in
normocytic anemia, and 1 in macrocytic anaemia.

69.30769231

B Total

Normocytic,
Normochromic
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Macrocytic

Of the 11 normocytic anaemia 7 showed
raised CRP levels,3 in microcytic anaemia and 2 in
macrocytic anaemia. Vitamin B12 was noted low in
3 in macrocytic anaemia and 2 in normocytic
anaemia. Ferritin was raised (>300 ng/mL) in 14
cases of 22 that is 64 % of cases.

V. DISCUSSION

The cause of anaemia can be varied in
CKD and includes nutritional deficiency, increased
pro-inflammatory cytokines, chronic blood loss,
and relative erythropoietin (EPO) deficiency.
Assessing anemia in chronic illnesses is a complex
process, and this is particularly true for patients
with CKD, particularly those from India, where
IDA is a common condition. (17)

Normochromic

20
15
10

0

Microcytic,
Hypochromic

Normocytic,
Normochromic

The relative deficiency in erythropoietin
(EPO) production by the peritubular cells of the
kidneys is responsible for defective erythropoiesis
in CKD patients (18). Due to Erythropoietin
deficiency there are disturbances in the
differentiation and maturation of red blood cell
precursors, and uremic toxins contribute to it. (19)

In our study, the prevalence of anaemia
was 73% in all dialysis-dependent patients. 59%
were male and 41% were female, with a mean age
of 55 and 46 years, respectively. Data from the
National Health and Nutrition Examination Survey
(NHANES) showed that Hb levels starts to fall at
an estimated glomerular filtration rate (eGFR) of
less than 75 ml/min per 1.73 m2in men and 45
ml/min per 1.73 m2 in women (20).
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A review of National Health and Nutrition
Examination Survey (NHANES) data determined
that the prevalence of anaemia increased with stage
of CKD, as follows (21)

e Stage 1:8.4%

e Stage 2: 12.2%
e Stage 3:17.4%
e Stage 4: 50.3%
e Stage 5: 53.4%

In the above study, we had 11 patients
with normocytic normochromic anemia, which is
seen in the anemia of chronic disease in CKD.
However, iron deficiency was noted in 8 cases, 7 in
microcytic anaemia and 1 in normocytic anemia,
and the transferrin saturation calculated showed 12
cases below the range of normal, which included 7
microcytic anaemia, 4 normocytic anemia, and 1
macrocytic anaemia. Chronic inflammation plays
an important role in the progression of CKD, and
high levels of inflammatory markers appear to
accompany reduced renal function. Inflammatory
states also affect erythropoiesis via the inhibition of
hypoxia-induced EPO production in Hep3B cells
(22).

Elevated ferritin levels, low levels of
serum iron, and iron-binding capacity, as well as a
higher abundance of iron in the bone marrow, are
the characteristic features of inflammatory
associated anaemia. Due to iron sequestration in
reticuloendothelial cells there is inadequate plasma
iron levels to perform erythropoiesis. (23) In our
patients, we had raised CRP levels in 63% of
anaemia cases, which denotes an inflammatory
cause of anaemia in CKD. In a few studies
hemodialysis patients with high CRP levels (>8
mg/L) have been shown to have lower iron
absorption than patients with lower CRP levels
(24).

We found that iron deficiency was noted
in 8 cases and TSAT was low in 12 cases. Also,
Serum ferritin was high in 64% of our cases. The
TSAT corresponds to circulating iron, which is
calculated using the formula: serum iron divided by
TIBC. Serum ferritin directly measures iron
storage. As a surrogate marker for iron stores,
serum ferritin is the most commonly used

laboratory test to diagnose iron deficiency.
However, as it is a marker for acute-phase reactant,
it is mostly at higher levels in CKD which becomes
an important drawback of measuring serum ferritin.
Due to this, a wide range of reference limits for
serum ferritin have been suggested to diagnose iron
deficiency in patients with chronic inflammation
especially in CKD. (25) Clinical nephrology
guidelines recommend the use of serum ferritin and
the TSAT measure for the guidance of initiation of
iron therapy. Serum ferritin less than 100 pg/L and
TSAT less than 20% are taken as signs of iron
deficiency in CKD and initiation of iron therapy.
(26) In a study by Chuang et al., only 17% of iron-
deficient haemodialysis patients who had low
serum iron, had serum ferritin <300 pg/L. [27)

In parallel with this study , the United
States Renal Data System (USRDS) Annual Data
Report showed that mean serum ferritin levels
remained stable at approximately 600 ng/mL from
2001 to 2006, but rose significantly to 800 ng/mL
in 2011 in maintenance haemodialysis (HD)
patients.(27) Also, Dialysis Outcomes and Practice
Patterns Study (DOPPS) data showed that median
serum ferritin levels rose from 561 ng/mL in 2010
to 794 ng/mL in 2012 in maintenance HD patients
(28).

According to Besarab et al. (29)the losses
of iron in haemodialysis patients reach 1-3 g per
year and they are associated with chronic bleeding
related to platelet dysfunction and also frequent
phlebotomy, hemolysis, and blood retained in the
extracorporeal circulation during hemodialysis.
Additionally, patients undergoing dialysis show
impaired dietary iron absorption (19)

We also noted macrocytic anemia in CKD
in maintenance HD patients. This could be
nutritional or may be due to inflammation caused in
CKD leading to less absorption from the intestine
leading to folate and vitamin b12 malabsorption
and its deficiency.(20)

The exact mechanism of the influence of
the inflammatory state on the development of
anemia may be related to hepcidin which affects
iron homeostasis through the binding of the cell
surface iron transporter ferroportin (30)

According to National Institute for Health
and Care Excellence (NICE) the treatment of
anemia in CKD patients requires the use of either
iron or erythropoiesis-stimulating agents, their
combination in order to address both absolute and
functional iron deficiency, (31) According to the
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KDIGO guideline 2012, the correction of iron
deficiency with oral or intravenous iron
supplementation can reduce the severity of anemia
in patients with CKD.(26)

The Correction of Hemoglobin and
Outcomes in Renal Insufficiency (CHOIR) trial
(32) and The Trial to Reduce Cardiovascular
Events with Aranesp Therapy (TREAT) (33)
demonstrated that higher haemoglobin targets may
be harmful to patients which can lead to adverse
events like myocardial infarction or stroke

International guidelines recommend an
upper limit of serum ferritin at 500 pg/L to avoid
potential complications that are associated with
iron therapy. (34)

Within the dialysis CKD population, the
prevalence of inflammation is in large numbers and
is an important indicator of patient health and
outcome, but the actual effect of chronic
inflammation on renal function is unclear, and the
relationship between the level of inflammation and
GFR has not been found to correlate as may be
expected (35, 36).

While epidemiological studies have shown
better outcomes associated with the attainment of
haemoglobin levels on mortality and hospitalisation
in hemodialysis patients, the results of four key
randomised clinical trials have not supported the
hypothesis that full anaemia correction with ESAs
is beneficial to all patients (22). Attempts to
explain ~ the  apparent paradox  between
epidemiological and clinical data on Hb levels are
grounded in the hypothesis that higher doses
required in a subgroup of ESA hyporesponsive
patients, precipitated by inflammation, may be the
culprit rather than other causes of anemia.

Treatment of anaemia of CKD has become
a highly contentious topic, with growing concerns
regarding the precise targets, safety, clinical
evidence, questionable benefits and costs of present
anaemia management practices. There are
increased calls for a re-evaluation of anaemia
management strategies in HD and for alternative
approaches to help correct the disorder (37). While
exogenous supplementation of EPO and iron
remains the mainstay of anemia therapy in CKD,
the potential for improving the condition by
curbing underlying conditions that contribute to the
pathogenesis of anemia, or by dialysis-specific
approaches, have yet to be fully recognized. Newer
therapy like Activins which includes sotatercept
and luspatercept, sultuximab, hypoxia-inducible

factor prolyl hydroxylase inhibitor
(Hifl_inhibitors) which includes Vadadustat,
Daprodustat etc,Pentoxifylline are still under trials
and show promising results. (19)

V. CONCLUSION

It is obvious that renal anaemia in
hemodialysis patients remains a serious problem.
This was greater before the EPO era, when blood
transfusion was the only therapeutic approach.
Insufficiency of iron and EPO with inflammation
are the most important causes of this anemia.
Nowadays, with the availability of new IV iron
supplements, ESAs and other upcoming drugs this
problem has become more manageable. The high
cost of the EPO treatment makes iron therapy
essential in order to maximise the EPO
administration result with a lower dose. The ideal
haemoglobin target has to be established despite
the numerous trials worldwide, and the treatment
has to be individualized.
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