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Abstract
Introduction: Bone marrow aspiration is an established procedure for the diagnosis and management of a wide range of haematological and non-haematological conditions worldwide. The main aim of this study was to assess the diagnostic outcome of bone marrow aspiration at the University of Port Harcourt Teaching Hospital. 
Methods: This was a retrospective descriptive study carried out between between 1st January 2016 and 31st December 2025 at the University of Port Harcourt Teaching Hospital. One hundred and fifty (150) bone marrow aspirations were done at our facility within the study period. Data were obtained from the Medical Records Department, haematology day-care clinic attendance register, the admission/discharge register, death register and the Cancer Registry. All data were recorded in Microsoft    Excel    2016 and analyzed using SPSS version 27. 
Results: One hundred and fifty (150) bone marrow aspirations were done at our facility within the study period with a Mean age ± SD of   41.37 ± 22.60. Total number of male participants were 80 (53.3%) while females were 70 (46.7%).  Majority of our patients were aged above 41-65 years (38.7%) followed by the less than 18 years group 36(24%) while the least group were the greater than 60 years age group were the least (22, 14.7%) . The most common indications for bone marrow aspiration was recurrent anaemia (45, 30%) followed by recurrent bone pain (35, 23%), while others were as mentioned in figure 1. The overall commonest diagnosis by BMA was multiple myeloma (38, 25.4%) followed by Acute lymphoblastic leukaemia (26.17.3%), Acute myeloid leukaemia (23, 15.3%) and nutritional anaemia (16, 10.7%)

[bookmark: _Hlk224632151]Conclusion: Bone marrow aspiration is an established procedure for the diagnosis and management of a wide range of haematological and some non-haematological conditions worldwide. Multiple myeloma was the most common diagnostic findings among patients undergoing BMA in our study followed by acute leukaemia. This study will may guide physicians in decision making regarding areas where further complimentary investigations should be channeled. 
Key words: bone marrow aspiration, multiple myeloma  and acute leukaemia






















Introduction
Bone marrow is a specialized connective tissue found in the center of bones and plays critical roles in various organ-systems of humans; it is considered to be red or yellow marrow on the basis of whether or not it is actively producing haemopoietic cells to repopulate the circulation, and also on whether it has been replaced by fat cells.1, 2 While there is no universally agreed percentage of fat cells in a marrow niche to qualify it as yellow marrow, the distinction is made based on the proportion of haemopoietic cells and the extent of fatty replacement of these haemopoietic cells in a bone fragment, while taking into consideration the age of the individual. At birth, the entire marrow of long bones is haemopoietic but with increasing age, there is progressive replacement of haemopoietic marrow with fat cells. As such, in older individuals, haemopoietic marrow becomes restricted to the ends of these long bones, the pelvic bones, sternum, and vertebrae. In the right marrow conditions, and where the body is in dire need, yellow marrow is capable of reverting to haemopoiesis and increasing the output of required blood cells.3, 4
Bone marrow is involved in production of cells of several systems of the body, including the immune and circulatory systems. Cells of the immune and circulatory system are mostly found in blood and they arise from a single type of progenitor cell called the haemopoietic stem cell (HSC). It has been described based on unique morphologic and immunophenotypic characteristics. HSCs are capable of dividing to replenish their populations, and also undergoing differentiation to give rise to various progenitor populations which are committed to the production of different cell lineages.5, 6 From these progenitor cells, the mature blood cells which are morphologically distinguishable in the peripheral blood, arise and circulate in blood.
The bone marrow consists of these haemopoietic cells, multipotent progenitor cells, developing precursor cells at various stages of maturation, stromal cells, and blood vessels supplying it with blood, nutrients and oxygen. The interactions between haemopoietic cells and the cells which make up the stroma of the marrow help maintain a conducive milieux for the healthy functioning of the haemopoietic cells. While some of these interactions give a survival and proliferation signal to the HSCs, others serve to keep the HSCs within the marrow which is the best fit for their survival.7, 8, 9 Factors like growth hormones, nutrients, and transcription factors also play important roles in the proper functioning of the marrow haemopoietic cells and deficiency of any one of these factors results in abnormalities in the function of the HSCs. These manifest as quantitative or qualitative deficits in the HSCs.10
With recent advances in medical knowledge and technology, bone marrow aspirate cells are currently used in research, genetic engineering and advanced therapeutic applications. 7, 8 Marrow aspiration also serves as one of the sources of HSCs used in either autologous or allogeneic stem cell transplantation.
Marrow aspirate samples are also used for advanced laboratory investigations such as immunophenotyping, karyotyping and genetic analysis of the individual cells in the diagnostic workup of haematologic diseases and in the follow-up assessment of response to therapy.11, 12 Additionally, bone marrow aspirate cytology has been used to establish the proper morphology of cells which may be confusing in the peripheral blood, as it provides a better view of the morphologic properties of the cells.13,14 
Traditionally, marrow aspiration is an established procedure employed in the assessment of the overall haemopoietic function of the marrow towards mostly diagnosing certain haematologic diseases, benign or malignant, but also some non-haematologic conditions. It provides sample of the marrow with which parameters like marrow cellularity, myeloid erythroid ratio, and the morphologic examination of erythropoiesis, myelopoiesis, lymphopoiesis, and megakaryopoiesis can be made. A description of the morphology of plasma cells, presence or not of plasmacytosis, foreign bodies, and iron stores can also be done on bone marrow aspirate. This traditional use of bone marrow aspiration is particularly important and widely used in resource-limited settings where diagnosis of haematologic diseases still rely heavily on morphologic assessment of the haematopoietic and stromal cells.
Due to progressive fatty replacement of the red marrow with age, the commonly used site of aspiration is the posterior superior iliac spine (PSIS).15 This is as a result of safety considerations as major vessels and organs are not in area, and also for the likelihood of a good yield of marrow. Aspiration of the sternum is avoided due to concerns of likely injury to the mediastinal organs and vessels, and the use of the tibia is limited to paediatric patients younger than two (2) years.16 Common complications of the procedure are pain and minor bleeding; others are haematoma and localized infection of the site. While infections are possible, they are quite uncommon with use of proper aseptic measures. Broken aspiration needle during the procedure is uncommon but authors have had one (1) incident in their experience of aspiration/trephine biopsy procedures over the last ten (10) years, and literature shows similar occurrences in other centres.17, 18 A rare complication of the procedure is breaking of the aspiration needle during the procedure.
This article is a description of the findings of the various marrow aspirates, and the range of diagnoses made from simple morphologic examination of bone marrow aspirate smears, after staining with the Wright-Giemsa method.


MATERIALS AND METHOD
Rivers state is located in South-South region of Nigeria. This   study    was    a    ten (10)   year retrospective descriptive study conducted at the University of Port Harcourt Teaching Hospital. This is  a federal  government owned 800 bed capacity   tertiary    institution    located    in    Port Harcourt.  The study population consisted of all patients for whom bone marrow aspiration was done between 1st January 2016 and 31st December 2025.These were patients attending the haematology clinics, daycare, patients in the wards or referral to the Haematologist for review. Data were obtained from the Medical Records Department, haematology day-care clinic attendance register, the admission/discharge register, death register and the Cancer Registry. Patients    with    inconclusive    diagnoses    were excluded   from    the    study.    Data   that    were collected   included the age, gender the indication for the procedure and the diagnosis reached. The data were    computed    into    Microsoft    Excel    2016 spreadsheet and analyzed with the IBM  SPSS Version 27. Proportion, percentages and mean ± standard   deviation   were   generated   using   the descriptive statistics. The results were presented in tables and charts
. 

Results
One hundred and fifty (150) bone marrow aspirations were done at our facility within the study period with a Mean age ± SD of   41.37 ± 22.60. Total number of male participants were 80 (53.3%) while females were 70 (46.7%).  Majority of our patients were aged above 41-65 years (38.7%) followed by the less than 18 years group 36(24%) while the least group were the greater than 60 years age group were the least (22, 14.7%) as shown in table 1. The most common indications for bone marrow aspiration was recurrent anaemia (45, 30%) followed by recurrent bone pain (35, 23%). The overall commonest diagnosis by BMA was multiple myeloma (38, 25.4%) followed by Acute lymphoblastic leukaemia (26.17.3%), then Acute myeloid leukaemia (23, 15.3%) and others as shown In figure 2. Also, the number of bone marrow done peaked in the year 2025.




Table 1. Socio-demographic characteristics
	Variables
	Frequency (N=150)
	Percentage

	Age group
	
	

	<18 years
	36
	24.0

	18-40 years
	34
	22.7

	41-65 years
	58
	38.7

	> 65 years
	22
	14.7

	Mean age ±SD
	            41.37 ± 22.60
	Range (1-93)

	Sex
	
	

	Female
	70
	46.7

	Male
	80
	53.3









Fig 1. Indications for bone marrow aspiration amongst study participants







Fig 2. Simple bar chart showing the diagnoses obtained from bone marrow aspiration of the study participants








Discussion
Bone marrow aspiration (BMA) is an essential and relatively safe diagnostic procedure used to solve some haematological challenges which could not be resolved using other non-invasive tests. Pain is the commonest complication of the procedure followed by bleeding. 19   We evaluated the diagnosis reached from bone marrow aspiration done in our facility within the study period. The age range is 1-93 years. This is in keeping with reports by Patrick et al20   A larger number of our patients were male with a male-female ratio of 1: 1.14. This correlates to the reports by Khan SP et al19, Alamin AA et al21 and Calvet L et al22   
Recurrent anaemia was the commonest indication for BMA in this study. This is similar to the studies done by Damulak et al23 Awwalu et al24   and Patrick et al20   However Pudasaini S et al25 identified pancytopenia as the most common indication for BMA cytology examination. Recurrent Anaemia is one of the commonest reason for consult to the haematologist, thus further evaluation may require a bone marrow aspiration. Recurrent or persistent anaemia is the most common reason for bone marrow aspiration because it often signals a failure in the production of red blood cells, requiring a direct examination of the marrow to distinguish between nutritional deficiencies, bone marrow failure, or any other haematological malignancies. When routine laboratory tests (such as a complete blood count or serum iron studies) fail to identify the cause, BMA is necessary to look directly at the blood-forming tissue26   The second most indication for bone marrow aspiration was abdominal swelling and pain. Abdominal swelling could be attributed to splenomegaly while abdominal pain could follow massive splenomegaly. The spleen is not a digestive organ but a secondary lymphoid organ. Haematologic conditions are the commonest causes of massive splenomegaly. Mechanism of splenomegaly include disease infiltration, pooling of blood cells, immune hyperplasia and reactivation of haemopioesis.27 The next most common indication for bone marrow aspiration was recurrent bone pain with anaemia.
Multiple myeloma was the most common diagnostic finding in our study (25.4%) in our study followed by acute leukaemia. These findings align with the first and second most common indications for BMA which are recurrent anaemia and recurrent bone pain as they are common presenting features. This is contrary to other studies conducted by Gohil et al,28  Egesie et al,29 Adewoyin et al30 and Patrick O et al20  where acute leukaemia was the most common diagnosis. The possible explanation for our finding could be due to the short duration of acute leukaemia, most of our patients present late to a tertiary hospital where a haematologist can be assessed. This delay could be due to the out of pocket payment system and poor referral system. Also, due to absence of electronic medical records some of the records would have been missing.
Anaemia secondary to nutritional deficiency was the third most common diagnosis from bone marrow aspiration. Nutritional deficiency could be due to iron deficiency, folate and or vitamin B12 deficiency. This is in conflict with study by Dachi et al31   which showed nutritional anaemia as the most common diagnostic findings following BMA. The high prevalence of nutritional anaemia could be traced to the standard of living of the patients with most of them having to overcook their food most especially vegetables containing folates. This is in agreement done in India by Khan et al.19 
The study was restricted to one tertiary institution in Rivers state, which may not reflect the community burden. Also, the poor referral system and the absence of electronic medical records during the period of study would have led to case omissions
Conclusion
Bone marrow aspiration is an established procedure for the diagnosis and management of a wide range of haematological and some non-haematological conditions worldwide. Multiple myeloma was the most common diagnostic findings among patients undergoing BMA in our study followed by acute leukaemia. This study will may guide physicians in decision making regarding areas where further complimentary investigations should be channeled
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