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Abstract

Introduction: Automated haematology analysers provide red cell indices and graphical distributions that complement blood film examination, which remains essential for identifying morphological abnormalities and mixed cell populations. Objective: To describe peripheral blood smear findings and automated RBC histogram patterns among anaemic patients and evaluate their distribution across different morphological patterns. Materials and Methods: This descriptive observational study was conducted at a tertiary care teaching hospital from February to April 2026. Anaemic patients fulfilling WHO 2024 criteria were included. Complete blood counts, RBC indices, and automated histograms were obtained using a Sysmex XN-1000 analyser, alongside peripheral blood smear evaluation. Results: Of 144 patients, 66.0% were female, and 47.9% were aged 31–40 years. Microcytic hypochromic anaemia was the most common morphological pattern (64.6%), followed by normocytic normochromic (20.1%), macrocytic (7.6%), and dimorphic anaemia (4.9%). Left-shifted histograms were seen in 38.2% of patients, broad-based curves in 30.6%, and normal curves in 18.1%. All 11 macrocytic anaemia patients (100%) showed right-shifted curves. Peripheral smears identified polychromatophils, red cell agglutination, and sickle cell morphology in four, two, and one patients, respectively. Four patients had pancytopenia. Conclusion: Microcytic hypochromic anaemia was the commonest morphological pattern. Histogram patterns varied with red cell morphology, while specific abnormalities such as agglutination, sickle cell morphology and polychromatophilia were identified on peripheral smear. RBC histograms provide useful information on red cell volume distribution but should be interpreted along with peripheral smear findings.
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INTRODUCTION
Anaemia is a common haematological condition and an important public health problem, particularly among children and women. Globally, anaemia affects an estimated 40% of children aged 6–59 months, 37% of pregnant women and 30% of women aged 15–49 years[1]. It is defined by a haemoglobin concentration below the age- and sex-specific cut-off[2]. Anaemia may result from nutritional deficiencies, blood loss, increased red cell destruction, chronic disease or impaired red cell production[2, 3].
Peripheral blood smear examination is an important part of the laboratory evaluation of anaemia. It provides direct assessment of red cell morphology and helps classify anaemia as microcytic hypochromic, normocytic normochromic, macrocytic or dimorphic. It also helps identify anisocytosis, poikilocytosis and abnormal red cell populations that may not be adequately reflected by automated parameters[4, 5].
Automated haematology analysers provide red cell indices such as mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC) and red cell distribution width (RDW). These parameters provide quantitative information on red cell size and its variation and are useful in the morphological assessment of anaemia[5, 6]. However, because these indices represent characteristics of the overall red cell population, mixed populations may not be adequately reflected by the mean values. In dimorphic populations, for example, the MCV may remain within the reference range despite the presence of two distinct red cell populations[7].
RBC histograms provide a graphical representation of the distribution of red cell volume and complement the numerical red cell indices. Changes in the position and shape of the histogram may be seen with microcytosis, macrocytosis and mixed red cell populations[7, 8]. Previous studies have described the relationship between peripheral smear findings, RBC indices and histogram patterns in anaemia[8-10]. Peripheral smear examination remains useful for assessing morphological abnormalities that may not be adequately identified by automated analysis[11].
The present study was undertaken to describe the peripheral blood smear findings and automated RBC histogram patterns among patients with anaemia and to assess their distribution across different morphological patterns.
MATERIALS AND METHODS
Study design and participants: This descriptive observational study was conducted in the haematology department of a tertiary care teaching hospital from February to April 2026. Patients referred for evaluation of anaemia during the study period and fulfilling the WHO 2024 age- and sex-specific criteria for anaemia were included[2]. A total of 144 patients met the eligibility criteria.
Ethical Approval:The study was approved by the Institutional Ethics Committee (Approval No. FAC/2026/174, dated 02 February 2026). Written informed consent was obtained from all participants before enrolment.
Exclusion criteria: Infants, individuals aged >60 years, pregnant women, and lactating women within one year of delivery were excluded. Patients with leukemoid reaction or leukaemia were also excluded.
Haematological evaluation: Complete blood counts, RBC indices and automated RBC histograms were obtained using the Sysmex XN-1000 five-part automated haematology analyser. Peripheral blood smears were examined for red cell morphology. Based on peripheral smear findings, anaemia was classified as microcytic hypochromic, normocytic normochromic, macrocytic or dimorphic. Pancytopenia was recorded separately and defined as a reduction in all three peripheral blood cell lines below their respective reference ranges[12, 13].
RBC histogram assessment: RBC histograms were interpreted according to the Sysmex XN-1000 operator manual. The patterns were classified as normal curve, left shift, right shift, broad base, bimodal and short peak. Curves beginning before 34 fL and reaching the baseline before 150 fL were classified as left-shifted, while those beginning after 34 fL and reaching the baseline after 150 fL were classified as right-shifted. Curves beginning at approximately 34 fL and extending to 225–250 fL were classified as broad-based. Curves showing two peaks were classified as bimodal. Short-peak patterns were recorded separately.
Statistical analysis: Data were analysed using IBM SPSS Statistics version 26. Categorical variables were expressed as frequencies and percentages.
RESULTS
	Age group (years)	Male, No. (%)	Female, No. (%)	Total, No. (%)
	1–10	3 (6.1)	2 (2.1)	5 (3.5)
	11–20	2 (4.1)	1 (1.1)	3 (2.1)
	21–30	10 (20.4)	25 (26.3)	35 (24.3)
	31–40	16 (32.7)	53 (55.8)	69 (47.9)
	41–50	12 (24.5)	10 (10.5)	22 (15.3)
	51–60	6 (12.2)	4 (4.2)	10 (6.9)
	Total	49 (100)	95 (100)	144 (100)

Table 1: Age- and sex-wise distribution of study participants 
	Morphological type	No. of patients	Percentage (%)
	Microcytic hypochromic anaemia	93	64.6
	Normocytic normochromic anaemia	29	20.1
	Macrocytic anaemia	11	7.6
	Dimorphic anaemia	7	4.9
	Pancytopenia	4	2.8
	Total	144	100.0

Table 2: Distribution of patients according to peripheral smear findings 
Out of the 144 enrolled patients, 95 (66.0%) were females and 49 (34.0%) were males. The highest number of patients was in the 31–40 years age group (69; 47.9%), followed by 21–30 years (35; 24.3%) and 41–50 years (22; 15.3%) [Table. 1].
Morphological pattern of anaemia: Microcytic hypochromic anaemia was the most common finding, seen in 93 (64.6%) patients, followed by normocytic normochromic anaemia in 29 (20.1%), macrocytic anaemia in 11 (7.6%) and dimorphic anaemia in 7 (4.9%). Pancytopenia was seen in 4 (2.8%) patients [Table. 2]. 
RBC histogram patterns: A left-shifted curve was the most common RBC histogram pattern, seen in 55 (38.2%) patients, followed by broad-based curves in 44 (30.6%) and normal curves in 26 (18.1%). Right-shifted, short-peak and bimodal patterns were observed in 12 (8.3%), 4 (2.8%) and 3 (2.1%) patients, respectively [Table. 3]. 
	RBC histogram pattern	No. of patients	Percentage (%)
	Normal curve	26	18.1
	Left shift	55	38.2
	Right shift	12	8.3
	Broad base	44	30.6
	Bimodal	3	2.1
	Short peak	4	2.8
	Total	144	100.0

Table 3: Distribution of patients according to RBC histogram pattern 
	Smear morphology	Normal	Left shift	Right shift	Broad base	Bimodal	Short peak	Total
	Normocytic normochromic	20	0	0	9	0	0	29
	Microcytic hypochromic	3	52	0	31	3	4	93
	Macrocytic	0	0	11	0	0	0	11
	Dimorphic	3	3	1	0	0	0	7
	Pancytopenia	0	0	0	4	0	0	4
	Total	26	55	12	44	3	4	144

Table 4: Distribution of RBC histogram patterns according to peripheral smear findings 
Fig. 1: Bar Chart showing distribution of RBC histogram patterns according to peripheral smear morphology 
The distribution of RBC histogram patterns according to peripheral smear morphology is shown in [Table. 4] and [Fig. 1]. Left-shifted curves were observed in 52 of 93 microcytic hypochromic cases, while all 11 macrocytic cases showed right-shifted curves. Normal curves were seen in 20 of 29 normocytic normochromic cases, whereas all 4 cases of pancytopenia showed broad-based curves.
Fig. 2: Shows an automated red blood cell (RBC) histogram displaying a prominent bimodal distribution curve, which is typically indicative of a dimorphic red cell population 
Fig. 3: An automated red blood cell (RBC) histogram displaying a narrow, left-shifted single peak that is suggestive of a microcytic red cell population 
Fig. 4: An automated red blood cell (RBC) histogram displaying a right – shifted single peak that is suggestive of a macrocytic red cell population 
Two patients with left-shifted histograms showed red cell agglutination on peripheral smear and subsequently tested positive on the Direct Antiglobulin Test. Sickle cell morphology was observed in one patient with a broad-based histogram. Polychromatophils were seen in four patients.
DISCUSSION
Although anaemia is defined by the haemoglobin concentration, its assessment involves the size, shape and haemoglobin content of red blood cells, together with the underlying process affecting red cell production and survival. These changes may occur with nutritional deficiencies, blood loss, haemolysis, marrow disorders or systemic diseases such as chronic liver disease. Thus, haemoglobin estimation identifies anaemia but does not indicate its morphological pattern or underlying cause[1].
In the present study, out of 144 anaemia patients, 95 (66.0%) were females and 49 (34.0%) were males. The 31–40 years age group had the highest number of patients in both females (53; 55.8%) and males (16; 32.7%), followed by the 21–30 years age group. Overall, these two age groups accounted for 104 (72.2%) patients. Microcytic hypochromic anaemia was the commonest morphological pattern (93; 64.6%), followed by normocytic normochromic anaemia (29; 20.1%), macrocytic anaemia (11; 7.6%) and dimorphic anaemia (7; 4.9%). Similar distribution, with microcytic hypochromic anaemia as the commonest pattern, has been reported by Kumar et al., Sandhya and Rashmi, and Swami et al.[8-10].
The RBC histogram provides information on the distribution of red cell volume in the analysed population. Constantino described its usefulness in recognising different red cell populations, particularly in dimorphic cases[7]. In the present study, the histogram patterns corresponded broadly with the morphological pattern on peripheral smear, with left-shifted curves associated with microcytic morphology and right-shifted curves with macrocytic morphology. Broad-based and variable patterns were observed in cases in which more than one red cell population may be present. Kumar et al. also reported a relationship between peripheral smear findings and automated red cell parameters in anaemia[8].
Swami et al., in 176 anaemia patients, reported left-shifted curves in microcytic hypochromic anaemia, right-shifted curves in macrocytic anaemia and variable patterns in dimorphic anaemia[10]. Sandhya and Rashmi, in 500 anaemia patients, reported an association between peripheral smear findings and RBC indices/histogram patterns, with a Cramer's V of 0.523[9]. These studies support the observation that histogram patterns provide information on the distribution of red cell size and can be interpreted along with peripheral smear morphology rather than as an isolated finding.
Four patients had pancytopenia, and all four showed broad-based RBC histograms. A broad-based histogram in these cases may reflect variation in red cell size, but the small number of cases does not allow any specific interpretation of this finding. Pancytopenia requires evaluation of all three cell lines and its underlying cause cannot be determined from the RBC histogram alone[12, 13].
The peripheral smear also provided findings that could not be characterised from the histogram pattern alone. Red cell agglutination was seen in two patients with left-shifted histograms and both subsequently tested positive on the Direct Antiglobulin Test. Sickle cell morphology was observed in one patient with a broad-based histogram, while polychromatophils were seen in four patients. These observations support the role of peripheral smear examination in recognising morphological abnormalities that may not be adequately identified by automated analyser data[14, 15].
The study also has certain limitations. It was conducted at a single tertiary care centre and included 144 patients over a three-month period. The number of patients in some categories, particularly macrocytic and dimorphic anaemia, was small. The study also did not evaluate the underlying causes of anaemia or clinical outcomes. These factors limit the extent to which the findings can be applied to other patient populations.
CONCLUSION
Microcytic hypochromic anaemia was the commonest peripheral smear finding (64.6%) in this study. The RBC histogram pattern showed variation according to the peripheral smear morphology, with left-shifted curves observed with microcytic morphology and right-shifted curves in all macrocytic cases. Broad-based curves were seen in normocytic, microcytic and pancytopenic cases, while variable patterns were observed in dimorphic anaemia. Red cell agglutination, sickle cell morphology and polychromatophilia were identified on peripheral smear in a few cases despite the corresponding histogram patterns. Therefore, RBC histograms can provide useful information on red cell volume distribution but should not be interpreted in isolation. Interpretation alongside peripheral blood smear findings, particularly in cases with mixed or abnormal red cell populations, remains important for morphological assessment of anaemia.
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