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ABSTRACT

The present study sheds light on the diagnostic relevance of differences in the morphology of thrombocytes (platelets),
white blood cells (WBCs), and red blood cells (RBCs) as seen on peripheral blood smears. This study conducted an
extensive secondary literature on hematological disorders, centring on the shape and size of red and white blood cells and
platelets, utilizing databases like PubMed, Scopus, and Google Scholar. Screening and diagnostic methodologies included
basic laboratory tests and detailed microscopic examinations of peripheral blood smears. Notably, the study establishes a
robust correlation between altered RBC morphology and various forms of anemia, underscoring the utility of red cell
indices in classifying anemia into hypochromic microcytic, normochromic normocytic, and macrocytic categories. Each
category signifies unique underlying causes and mechanisms impacting red blood cell functionality and overall health.
Further, the study delves into WBC differentiation, highlighting how deviations in leukocyte count and morphology can
signal immune dysfunction or hematological malignancies such as leukemia and lymphoma. It addresses the quantitative
and qualitative changes in leukocytes, contributing to a deeper understanding of leukocyte disorders and their implications
for patient health. Moreover, the research emphasizes the critical role of thrombocytes in diagnosing bleeding and clotting
disorders through the examination of platelet count and morphology. It sheds light on conditions associated with
thrombocytopenia and the diagnostic value of observing platelet size variations, which can hint at a variety of health issues
ranging from production anomalies to increased platelet turnover.
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1. INTRODUCTION

Blood, the life-sustaining fluid that courses through the human body's vessels, transcends its primary roles of oxygen and
nutrient delivery to serve as a profound indicator of our overall health. "Hematological Canvas: Unveiling the Secrets of
Peripheral Blood Smear" delves into the sophisticated practice of analyzing peripheral blood smears, an essential
technique within the realm of hematology [1]. Composed of diverse cellular components suspended in plasma, blood is
instrumental in preserving homeostasis, combating pathogens, and facilitating tissue repair [2]. The investigation into the
morphology, size, and distribution of these elements—namely red blood cells, white blood cells and platelets—provides
invaluable insights into the identification and comprehension of hematological disorders. The morphology of these cells—
encompassing size, shape, and structural nuances—reveals invaluable insights into the body’s health status, offering clues
to a variety of hematological conditions ranging from benign anemias to malignancies such as leukemia [3].

In the realm of hematology, peripheral Blood smears, a cornerstone technique in hematology, involve spreading a thin
layer of blood across a slide to be stained and examined under a microscope [4]. This simple yet revealing test uncovers
the world of blood cells in exquisite detail, allowing for the identification of abnormalities in cell size, shape, and structure
that are indicative of underlying disorders. Variations from the norm can signal a wide range of hematological issues,
from anemias and clotting disorders to infections and malignancies [5].

Hence physical attributes of blood cells—such as the elongated cells in sickle cell anemia, the size variations seen in
microcytic and macrocytic anemias, and the presence of abnormal WBCs in leukemias—correlate with specific
hematological conditions [6]. Moreover, it seeks to understand how these alterations affect the body's functions and
contribute to the symptoms and complications of the disorders. This study provides an insightful overview of peripheral
blood smear analysis, emphasizing its significance in diagnosing hematological disorders through the detailed examination
of blood cell morphology.
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2. METHODS

This study adopted a comprehensive secondary research design, focusing on the analysis of existing literature and studies
pertaining the impacts of shape and size changes in RBCs, WBCs, and thrombocytes on hematological disorders, with a
focus on the diagnostic utility of the peripheral blood smear technique. We further examined the types and characteristics
of blood cells and their implication in specific hematological conditions.

Data Collection

An extensive literature was conducted using databases such as PubMed, Scopus, and Google Scholar, employing
keywords like "hematological disorders,”" "peripheral blood smear,” "RBC morphology,"” "WBC disorders," and
"thrombocyte pathology."

Inclusion and Exclusion Criteria

The inclusion criteria were studies published in English from January 2019 to March 2024, focusing on the morphology
of blood cells which include RBC abnormalities such as hypochromic microcytic anemia, normochromic normocytic
anemia, and macrocytic anemia, for WBC include neutrophil anomalies , neutropenia, leukemia, lymphoma, and various
autoimmune diseases and lastly Thrombocyte abnormalities thrombocytopenia myelodysplastic syndromes, and acute
megakaryoblastic leukemia, including observational studies, case reports, and research articles. Exclusion criteria
comprised studies that did not explicitly discuss the impact of cell shape and size on the pathology or those that were not
accessible in full text.

Screening Tests Methodology

Initial tests in laboratories, even with limited resources, typically include basic screenings like hemoglobin concentration,
white blood cell count, platelet count, and a peripheral blood film examination. This preliminary panel aids in quickly
suspecting the underlying disease and identifying key diagnostic tests by assessing differential leukocyte count and cellular
morphology.

Technique Overview

The detection of morphological abnormalities in peripheral blood cells relies on microscopic examination using oil
immersion and Wright's stain. For accurate erythrocyte morphology, focus is on slide areas where red cells are isolated
and display central pallor. Observations near the slide's feathered edge reveal erythrocytes without central pallor, while
erythrocytes in denser slide areas appear distorted due to overlapping [2].

Artifacts are common in peripheral blood films, affecting erythrocyte appearance. Examples include cytoplasmic
vacuolization, echinocytes due to staining solution's hypertonicity or alkalinity, and stomatocytes from overly acidic
solutions. Inconsistently distributed target cells are considered artifacts.

Neutrophils and monocytes tend to cluster at the blood film's edges, with EDTA anticoagulation possibly causing
granulocyte cytoplasmic vacuoles. Leukocyte rupture during blood film preparation may leave behind nuclear debris, with
chronic lymphocytic leukemia lymphocytes being especially rupture-prone [3]. Platelet aggregation on the blood film can
complicate platelet count estimation, as they usually appear singly
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Figure 1 Microscopic view of blood smear image [3]
3. RESULTS & DISCUSSION
The study identified key variations in RBC, WBC and thrombocytes morphology, through peripheral smears each
associated with specific disorders. The examination of peripheral blood smears is a pivotal method for diagnosing various
hematological disorders [7]. This study's results reveal significant insights into the correlation between red blood cell

(RBC) morphology and specific hematological conditions. Red blood cells (RBCs) outweigh platelets and white blood
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cells (WBCs). awareness blood diseases requires an awareness of this observation. Pathologists carefully evaluate the
size, shape, and color of RBCs and WBCs during a blood smear examination. An aberrant red blood cell can be identified
by any variation in the size, volume, or form of the RBC [8]. Our results are consistent with the red cell index-based
categorization of anemia into three main groups: macrocytic anemia, normochromic normocytic anemia, and hypochromic
microcytic anemia. It is evident that the quantity of RBCs is greater than that of WBCs and platelets. The pathologists
evaluate the RBC and WBC sizes, shapes, and colors during this smear examination [7].

Red cell indices are used to determine the quality of RBCs, and prior research has indicated that any variation in the size,
volume, or shape of red cells indicates an aberrant red blood cell (Saker & Kahwash, 2021).[9] According to a study by
Tyrell et al. (2022)[8], the size and shape of red blood cells (RBCs) are important markers for diagnosing and
comprehending the various forms of anemia, which are characterized by decreased oxygen-carrying capacity. Each type
of anemia reflects a different underlying cause or condition that affects the body's ability to maintain adequate levels of
hemoglobin or produce healthy red blood cells. Hence our study finding include Hypochromic Microcytic Anemia, where
the RBCs are unusually small and pale, often due to iron deficiency; Normochromic Normocytic Anemia, characterized
by RBCs of a standard size and hemoglobin concentration, commonly linked to chronic illnesses; and Macrocytic Anemia,
as shown in figure 2 identified by larger-than-normal RBCs, usually caused by a deficiency in vitamin B12. Each type
signifies a distinct underlying cause and mechanism affecting red blood cell characteristics and function.
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Figure 2. Categorization of Anemia Based on Red Blood Cell Morphology [ 8]

There are three types of anemia: macrocytic, normochromic, microcytic, and hypochromic (7). The finding of the study
suggests that variations in red blood cell (RBC) morphology can indicate different health states or medical conditions,
ranging from normal healthy indicators to various types of anemia and other diseases. Normocytic hormochromic RBCs,
which have a standard size and color, are typically observed in healthy individuals. Microcytic hypochromic RBCs, which
are smaller than normal and have reduced hemoglobin content, are often associated with iron deficiency anemia.
Macrocytic RBCs are larger than normal and frequently indicate a deficiency in vitamin B12 or folate, leading to anemia.
Sickle cells, with their distinctive crescent shape, are a hallmark of sickle cell disease. Target cells have a characteristic
bullseye appearance and may point to hemoglobinopathies or liver disease. Spherocytes, which are small, dark, and
spherical, can signal conditions such as hereditary spherocytosis. Elliptocytes, or oval-shaped RBCs, and acanthocytes,
with their irregularly spiky surface, are seen in various disorders, including abetalipoproteinemia. Each of these
morphological variations helps in diagnosing and understanding a wide array of hematological conditions. As shown in
Figure 3 various types of red blood cells, distinguishing between normal and abnormal morphologies.
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Figure 3. Distinguishing Features of Regular and Irregular Red Blood Cells [8]

White blood cells, or WBCs, are essential to the immune system. Their kinds signify different immunological roles, and
conditions including lymphoma, leukemia, and autoimmune diseases can impact their quantity and function. Humans
normally manufacture 100 billion WBCs per day, ranging normally from 4,000 to 11,000 cells per microliter [10]. Both
differential and total leukocyte counts are necessary for analyzing the absolute count of WBC types, which is more
informative than their ratios. Peripheral smear studies often diagnose WBC-related conditions, though bone marrow
examination might be needed for detailed analysis [10].

The study finding highlights about WBC differentiation and associated blood disorders known as Neutrophil anomalies
often signal infections, inflammation, or stress, while neutropenia, mainly due to chemotherapy, radiation, or certain
infections, heightens infection risk with granulocyte counts below 1000/uL as suggested by in previous literature (Risinger
et al.,2019)[10] . Neutrophil function defects—chemotaxis, phagocytosis, bacterial killing—can stem from various
factors, with abnormalities like toxic granules and Déhle bodies being notable as suggested in previous literature by (Tria
et al.,2022)[12] . Monocytosis may indicate chronic infections or malignancies; eosinophilia is linked to allergies or
parasitic infections; basophilia and lymphocytopenia to specific leukemias; and lymphocytosis to viral infections or
autoimmune conditions [10].

Another finding of the study suggest Leukocyte disorders (WBC) are categorized by quantitative changes (number
anomalies) or qualitative changes (appearance or abnormal presence in circulation). Leukopenia (low white cell count)
ups infection risk, whereas leukocytosis (high count) could point to infection or leukemia. Disorders might affect specific
white cells, like lymphocytes or neutrophils, or multiple types, with those impacting monocytes, eosinophils, and basophils
being rarer [12].

Acute leukemia, without treatment, is rapidly fatal, leading to marrow failure, infections, and bleeding. Chronic
Myelogenous Leukemia (CML) features high WBC counts and the Philadelphia chromosome, potentially advancing to a
critical phase. Chronic Lymphocytic Leukemia (CLL) mostly affects the elderly, causing lymphadenopathy,
splenomegaly, and later anemia and thrombocytopenia. Multiple Myeloma results in bone pain, anemia, and increased
infection risk due to abnormal plasma cell growth [10]. These conditions underscore the importance of understanding
leukocyte irregularities for diagnosing and grasping the impact of hematological disorders on overall health, echoing
findings from other studies on the critical role of leukocyte analysis in medical diagnosis.

The study underscores thrombocytopenia, defined by a reduced platelet count, stemming from autoimmune disorders,
medication, infections, or bone marrow problems. It highlights the critical role of platelet count and functionality in
managing bleeding or clotting disorders and validates the diagnostic importance of peripheral blood smears for identifying
such conditions.

This study finding suggest diagnostic significance is also placed on platelet size. Observing platelet size in comparison to
red blood cells helps identify conditions associated with macrothrombocytes and giant platelets, with a healthy norm being
less than 5% large platelets. This aspect is crucial for accurate diagnosis, noting that platelet size can indicate various
conditions: small platelets may suggest bone marrow production issues, whereas large ones often point to increased
turnover or specific conditions like immune thrombocytopenia.

Platelet size variation is a marker for diseases like myelodysplastic syndromes and myeloproliferative neoplasms, with
significant differences indicating potential health issues as suggested in previous studies (Allen & Skotol ,2022)[11].
Our study suggests that morphological changes in platelets, including granularity and shape alterations, often accompany
these variations and are indicative of health conditions, including blood cancers like myelodysplastic syndromes and acute
megakaryoblastic leukemia, underscoring the utility of blood cell examination in diagnostics and the importance of
considering platelet size and morphology in assessing thrombopoietic diseases [10].
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The May-Hegglin anomaly, characterized by large platelets and neutrophils with large inclusions resembling Déhle
bodies, is an example of a specific platelet abnormality (Figure 3). Circulating megakaryocytes, including both normal
and smaller sizes, as well as megakaryoblasts, are depicted in Figure 4, illustrating the range of abnormalities seen in these

conditions [13].
b 3
s o

Figure 4. May-Hegglin Anomaly lllustrated: Enlarged Platelet and Neutrophils with Distinctive May-Hegglin
Inclusions Mimicking Déhle Bodies [13]

In acute megakaryoblastic leukemia, micromegakaryocytes (Figure 5F-H) and megakaryoblasts (Figure 51) serve as key
markers, yet platelet anisocytosis and agranular macroplatelets are also commonly observed.
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Figure 5. Overview of Megakaryocytic Lineage: Megakaryocytes (A-E), Micromegakaryocytes (F-H), and
Megakaryoblasts (1) in Circulation [13].

The approach to treating platelet disorders varies based on the root cause and may involve medication (like corticosteroids
or immunosuppressants), blood transfusions, or even surgery. Managing these conditions also includes strategies to reduce
bleeding or clotting risks and continuous monitoring by medical experts.

In summary, the peripheral blood smear remains a vital diagnostic tool, unveiling critical insights into hematological
disorders through the examination of blood cell morphology. The ongoing efforts to automate smear analysis underscore
the blend of traditional techniques with modern technology, aiming to optimize diagnostic accuracy and accessibility in
the healthcare landscape.

4. CONCLUSION

The study concludes based on existing literature and analysis conducted in this study underscores the paramount
importance of peripheral blood smear examination in the diagnosis and understanding of various hematological disorders.
By elucidating the significant correlations between the morphology of blood cells—specifically red blood cells, white
blood cells, and platelets—and their implications in diseases, this research highlights the intricate link between cellular
shape, size, and health conditions. The findings reinforce the diagnostic value of meticulously observing blood cell
characteristics, which not only aid in identifying distinct types of anemias and leukocyte disorders but also in pinpointing
subtler, often overlooked, conditions such as platelet size variations and their associations with broader hematological and
systemic diseases. As we continue to enhance our understanding and technological capabilities in analyzing blood smears,
the potential for early detection, accurate diagnosis, and effective treatment of hematological disorders becomes
increasingly attainable, emphasizing the enduring relevance of this fundamental hematological technique in modern
medicine.
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