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Erythroid hyperplasia on bone marrow aspiration – differential diagnosis on the basis of morphological changes
[bookmark: _Hlk82629826]Dr.Poonam Nanwani1, Dr. SandeepBhandari2, Dr. Sunil Jaiswal3 Dr.Priyanka Verma4 , 
Dr.Ashok Panchonia5, Dr. Sativan Khatri6

1-Assistant Professor, 2- PG resident  , 3- Demonstrator, 4 -  PG Resident, 5- Professor and Head of Department, 6 - Demonstrator
Department of Pathology, Mahatma Gandhi Memorial Medical College, Indore, Madhya Pradesh
Corresponding Author
Dr.Poonam Nanwani 
Assistant Professor
M.G.M. medical college, Indore


Abstract:
Introduction - Erythroid hyperplasia is a condition of excessive count of erythroid precursor cells in the bone marrow.Erythroid cells are formed from myeloid progenitor cells and from megakaryocyte erythroid progenitor cells, which are then turned into mature red blood cells.
Aim- Aim of this study is to do differential diagnosis of various hematological disorder presented with  erythroid hyperplasia on the basis of morphological changes in bone marrow aspiration.
Method and material - Prospective study, carried out in Department of Pathology from July 2019 to July 2021. A total of 200 cases were studied. Bone marrow aspiration done and all smears studied. Out of 200 cases 70 cases showing erythroid hyperplasia wereincluded in this study. 
Result - Specimens of 70 patients with distinct erythroid hyperplasia were selected (20 with megaloblastic anemia, 09 with nutritional anemia, 08 with hemolytic anemia, 14 with myeloid dysplastic syndromes, two  withewan’ssyndrom,  one with reactive hyperplasia , one with polycythemia vera and one with post transplant bone marrow, and 10 with  iron deficiency) . Marrow hypercellularity and distinct erythropoietic hyperplasia were present in all cases those were studied.
Conclusion - It was concluded from the study that erythroid hyperplasia on bone marrow aspiration along with correlation of clinical, hematological finding help in differential diagnosis of various  hematological disorders.


Introduction:
The marrow produces cellular elements of blood, including platelets, red blood cells and white blood cells. While much information can be gained by testing the blood itself, it is sometimes necessary to examine the source of the blood cells in the marrow. (1)
	
	



Anemias caused by RBC destruction of blood loss are characterized by reticulocytosis and bone marrow erythroid hyperplasia, whereas anemias due to marrow hypoplasia of ineffective erythropoiesis are associated with reticulocytopenia and a variable bone marrow cellularity ranging from profound hypocellularity to marked hypercellularity.(2)
Erythroid hyperplasia: 
Benign causes- Erythroid hyperplasia is usually a compensatory condition. It can develop in case of Nutritional anemia, hemolytic anemia, iron deficiency anemia, thalassemia, angiopathies, thrombotic thrombocytopenic purpura (TTP), familial polycythemia, pancytopenia secondary to hypersplenism, erythromyelosis and blood loss.
Malignant causes : polycythemia vera, dysregulated erythropoietin production by various neoplasms
Aim- Aim of this study is to do differential diagnosis of various hematological disorder presented with  erythroid hyperplasia on the basis of morphological changes in erythroid  series on  bone marrow aspiration.

Method and material–
This study was undertaken in the Department of Pathology of a tertiary care hospital over a period of 2 year. A total of 200  bone marrow aspirates of patients with various hematological, nonhematological disorders or when otherwise indicated were examined. A detailed clinical history was obtained from all the patients followed by a thorough clinical examination. Routine laboratory investigations were done. A written and informed consent was taken from the patients for bone marrow aspiration.
Bone marrow aspiration was done according to the standard procedure using Salah's bone marrow aspiration needle. A peripheral smear of patients was also done at the same time.
Prospective study, carried out in Department of Pathology from July 2019 to July 2021. A total of 200 cases were studied. After bone marrow aspiration was done and all smears were studied. Out of 200cases , 70 cases showing erythroid hyperplasia on bone marrow aspiration were included in this study.  Patient of all age group and both the sex were included in the study. Bone Marrow Aspiration was evaluated for adequacy, cellularity, morphology and maturation of hemopoeitic precursor cells. In all the cases 500 erythroblasts were counted and looked for morphological changes. Along with this myeloid erythroid ratio were calculated in each case. Blood test reports were noted from patient record, Complete blood count and reticulocyte count were done in all cases. 
Result:- 
In this study, 200 bone marrow aspirations were examined. The following observations were made. Patient of all age group and both the sex were included in the study  (mean-47 years). 35 (50%) males and 35 (50%) females were included in the study showing equal incidence.
59 aspirates (74.54%) showed hypercellularity, 10 (21.81%) were normocellular and only 01 cases (3.63%) were hypocellular. Of the 59 cases which were hypercellular, 10  showedmicronormoblastic maturation, 20 showed megaloblastic maturation, 09 cases showed dual maturation and only 3 cases showed normoblastic maturation.




	S. No.
	Age group(in years)
	Erythroid hyperplasia
(no. of cases)

	1
	Up to 10 
	10

	2
	11-20 
	30

	3
	21-30
	11

	4
	31-40
	09

	5
	41-50
	08

	6
	51-60
	01

	7
	>60
	01

	
	Total 
	70





Erythroid hyperplasia was confirmed by bone marrow aspiration. The marrow was normo- or hypercellular with increased normoblastic erythropoiesis, which is organized in clusters. Blood test results were noted in all the cases, results variable depending on the underlying disorder. Reticulocyte count was raises. 
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Fig. 1. Bone marrow biopsy showing erythroid hyperplasia.
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Fig 2. Hypercellualr marrow showing Erythroid hyperplasia with megakaryocytic hyperplasia(10x)
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Fig. 3. Bone marrow aspirate  showing Hypercellular marrow showing binucleated erythroblast (red arrow)
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Fig  4a                                                                                   Fig 4 b
Fig 4 ‘a’ and ‘b’BMA showing macroerythroblasts 
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Fig 5a –  erythroblasts showing nuclear budding , macrorythroblasts
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Fig 5b – erythroblasts showing cytoplasmic bridging  Fig 5c – nuclear bridging 
Fig  5 ( a, b, c )Erythroid hyperplasia with dyserythropoisis



Discussion :
The nutritional anemia was found in 55.5 % of the patient  and was the most prevalent anemia in our studies. The sensitivity of aspiration in diagnosing anemia was 100%. Megaloblastic  anemia was the most common anemia and also the cause of pancytopenia.  Mahajan et al. [3]also found the similar finding  in his studies.
A study by Mahfuzet al. [07] showed micronormoblasticerythroid hyperplasia in 29.5% and 10.66% in a study by Parajuli[08]A review of 700 bone marrow aspirations in Papua New Guinea,  1977 Mar;20 Hypercellular marrows with erythroid hyperplasia were very common. Iron stores were absent or nearly absent in almost half of the evaluable specimens{[06] Iron deficiency  anemia was less frequent. This could be due to the fact that, bone marrow examination is not routinely done to diagnose iron defficiency anemia and is treated as out patient basis.
Kibira et al.[12] observed AML (27.7%) and Parajuli[08] observed erythroid hyperplasia (13.3%) as common hematological disorder in patients undergoing bone marrow examination. This could be explained by the fact that cases belonged to rural, sub-urban region and agricultural backgrounds with lower socio-economic status and lack of appropriate education  therefore, they had exposure to various risk factors co-incidentally and finally faced to hematological abnormalities. 
Meredith A. Lakey, MD, AnimeshPardanani, MBBS, PhD, James D. Hoyer, et al in June 2010, identified 7 PV cases with exon 12 mutations; all had hypercellular bone marrow with erythroid hyperplasia.[09] In  December, 2018 M. Atchyuta1* , P. Premalatha2  et al. Dept. of Pathology, NRI Medical College, Chinakakani, Andhra Pradesh, India  described among the nonmalignant hematologic diseases, the most common disorder was erythroid hyperplasia followed by megaloblastic anemia, ITP, Hypoplastic marrow, dimorphic anemia, Infective pathology and Anemia of chronic disorder.[10]
Anushka Da Silva Pereira1 et al. ,Goa Medical College, India described that  among the 80 cases studied the age of the patients ranged from 4 to 80, with a slight preponderance in the males. The most common bone marrow finding was hypercellularity with erythroid hyperplasia. The most common cause for pancytopenia was megaloblastic anemia followed by aplastic anemia, subleukemic leukemia, and myelodysplastic syndrome. [11] Manjula P. Biradar , Praveen Biradar  et al explained that  --Micronormoblasticerythroid hyperplasia with peripheral pancytopenia was seen in 16.6% of our pancytopenia cases. [12] KajalKiranDhingra1 ,Deepali Jain et al studied  that bone marrow aspirate smears in all six cases showed hypercellular marrow with moderate erythroid hyperplasia. Myelopoiesis was normal and there was megakaryocytic hyperplasia including clusters at places with presence of immature megakaryocytes[13].
In CDA , Marrow hypercellularity and distinct erythropoietic hyperplasia were present in all patients. The relative frequency of the pertinent abnormalities of erythroblasts. Highly significant differences were found for binucleated cells, abnormalities of chromatin structures, chromatin bridges between erythroblasts, incompletely divided and large polyploid cells.[4,5] In 2019.AnuragsinghChandel, AnupItihas  et al. explained that CDA I should be suspected in all children with refractory anaemia, hepatosplenomegaly, erythroid hyperplasia and features of dyserythropoiesis in marrow examination. The diagnosis of CDA I can be made from typical peripheral blood smear and bone marrow examination characteristics.[14]
Conclusion -  
In conclusion, this study from diligent analysis of peripheral blood and technically appropriate specimens of aspirated bone marrow shows that majority of cases of erythroid hyperplasia are due to megaloblastic anemia followed by in decreasing frequency myelodysplastic syndrome, iron deficiency anemia, nutritional anemia { iron, vit.b12 and folate}, CDA,  Evan’s syndrome. However some rare causes also noted such as post transfusion bone marrow, polycythemia vera and reactive hyperplasia.
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