rdw process math

RDW process math, at its core, is about understanding the nuances of red blood cell size variation
and its implications in medical diagnostics. This comprehensive exploration delves into the intricate
calculations and methodologies behind the Red Cell Distribution Width (RDW), a crucial parameter
in complete blood count (CBC) analysis. We will dissect how RDW is computed, its clinical
significance in identifying various anemias and other hematological disorders, and the underlying
mathematical principles that govern its interpretation. Furthermore, we will touch upon the
practical aspects of RDW measurement in laboratory settings and its role in differential diagnosis.
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Understanding Red Cell Distribution Width (RDW)

The Red Cell Distribution Width (RDW) is a quantitative measure of the variation in the size of red
blood cells (erythrocytes) within a given blood sample. In a healthy individual, red blood cells are
remarkably uniform in size, akin to a well-sorted collection of marbles. However, when there's an
imbalance in their production or destruction, this uniformity can be disrupted, leading to a
population of cells with a wide range of sizes. RDW quantifies this degree of variation, providing
valuable insights into the underlying hematological processes. A higher RDW indicates greater
variability in red blood cell volume, a phenomenon known as anisocytosis.

This parameter is a standard component of a complete blood count (CBC), a routine blood test
performed for a myriad of health assessments. By measuring the RDW, clinicians can gain a deeper
understanding of the health of an individual's red blood cell population. It acts as a sensitive
indicator, flagging potential issues that might not be immediately apparent from other CBC
parameters like hemoglobin or hematocrit alone. The concept of RDW is rooted in the statistical
analysis of the red blood cell volume distribution histogram generated by automated hematology
analyzers.

The Mathematical Calculation of RDW

The calculation of RDW is based on statistical principles applied to the red blood cell volume
distribution curve. Automated hematology analyzers generate a histogram that plots the number of
red blood cells against their respective volumes. From this histogram, two key statistical measures



are derived: the Mean Corpuscular Volume (MCV) and the standard deviation of the red blood cell
volumes. The MCV represents the average volume of red blood cells, while the standard deviation
provides a measure of how spread out the volumes are around the mean.

There are two primary ways RDW is reported: RDW-CV and RDW-SD. Both aim to quantify the
variation in red blood cell size, but they employ different mathematical approaches. Understanding
these formulas is crucial for appreciating the subtle differences in their interpretation and
application in clinical scenarios. The precision of these calculations directly impacts the diagnostic
accuracy derived from RDW measurements.

RDW-CV: The Coefficient of Variation Formula

RDW-CV, or Red Cell Distribution Width - Coefficient of Variation, is the more commonly reported
RDW parameter. It is calculated using the standard deviation of the red blood cell volume and the
mean corpuscular volume (MCV). The formula is as follows: RDW-CV = (Standard Deviation of Red
Cell Volume / MCV) 100. This formula expresses the variation as a percentage of the mean volume. A
higher percentage indicates a greater degree of size variation relative to the average cell size. The
MCV itself is a key component, as it normalizes the standard deviation, allowing for comparison
across individuals with different average red blood cell sizes.

Think of it this way: if you have a group of marbles, and you measure their diameters, the standard
deviation tells you how much the diameters vary from the average. The RDW-CV then takes that
variation and expresses it as a percentage of that average diameter. This percentage gives you a
standardized way to compare the "spread" of marble sizes between different collections, even if the
average size of marbles in each collection is different. In hematology, this translates to
understanding if the red blood cell population is predominantly uniform or highly diverse in volume.

RDW-SD: The Standard Deviation Formula

RDW-SD, or Red Cell Distribution Width - Standard Deviation, offers a different perspective on red
blood cell size variability. Instead of expressing the variation as a percentage of the mean, RDW-SD
directly reports the standard deviation of the red blood cell volume in femtoliters (fL). The
calculation is simply the standard deviation of the red blood cell volumes as determined by the
automated analyzer. This method provides an absolute measure of the spread of red blood cell sizes,
irrespective of the mean cell volume.

This approach is analogous to reporting the direct range of marble diameters, rather than the
variation relative to the average. For instance, if one set of marbles has diameters ranging from
10mm to 12mm, and another from 15mm to 17mm, their standard deviations might be similar, but
the MCV is different. RDW-SD would directly reflect the absolute spread (e.g., 2mm in both cases),
whereas RDW-CV would factor in the average size to provide a relative measure. RDW-SD can
sometimes be more sensitive to subtle changes in cell volume, particularly when MCV values are
within the normal range.



Clinical Significance of RDW in Hematology

The RDW is far more than just a number; it's a crucial diagnostic tool that aids in the identification
and differentiation of various hematological conditions, most notably anemias. Anemia,
characterized by a deficiency in red blood cells or hemoglobin, can arise from a multitude of causes,
and the pattern of red blood cell size variation provides vital clues to pinpointing the underlying
etiology. A normal RDW typically suggests a homogeneous population of red blood cells, while an
elevated RDW points towards a diverse population with varying sizes, indicating an underlying
pathological process affecting red blood cell production or survival.

Understanding the clinical significance of RDW requires an appreciation of how different disease
states impact the bone marrow's ability to produce red blood cells. When the bone marrow is
stimulated to produce new red blood cells rapidly, or when there is increased destruction of older
cells, the circulating population can become a mix of newly released, smaller cells and older, larger
cells, or vice-versa. This dynamic process is reflected in the RDW value. Therefore, a physician will
often consider the RDW in conjunction with other CBC parameters, such as MCV, hemoglobin, and
red blood cell count, to form a comprehensive diagnostic picture.

RDW-CV vs. RDW-SD: A Detailed Comparison

While both RDW-CV and RDW-SD aim to measure red blood cell volume variability, they do so using
different mathematical frameworks, leading to subtle yet important distinctions in their
interpretation. RDW-CV, being a percentage, is influenced by the MCV. If the MCV is low
(microcytic), even a small absolute variation in cell size can result in a high RDW-CV. Conversely, if
the MCV is high (macrocytic), a larger absolute variation might be needed to achieve the same RDW-
CV. This means RDW-CV provides a relative measure of anisocytosis.

RDW-SD, on the other hand, provides an absolute measure of the standard deviation of red blood
cell volumes. It is less affected by the MCV itself. This can make RDW-SD particularly useful in
differentiating certain types of anemia where the MCV might be normal but there is still a significant
variation in cell size. For instance, in early iron deficiency anemia, MCV might still be within the
normal range, but RDW-CV and RDW-SD can be elevated, signaling the onset of the condition.
Laboratory settings may report one or both of these values, and understanding their differences is
key for accurate diagnostic reasoning.

When RDW-CV Might Be Misleading

There are specific clinical scenarios where RDW-CV might appear elevated when the absolute size
variation isn't as pronounced, or vice-versa, due to its dependence on MCV. For example, in
conditions with microcytosis (low MCV) such as thalassemia trait, the red blood cells are uniformly
small. However, if there's a slight degree of anisocytosis, the RDW-CV can be disproportionately
high because the standard deviation is being divided by a small MCV. Similarly, in some macrocytic
anemias, if the variation is not extreme, the RDW-CV might remain within normal limits, masking
potential underlying issues.



Conversely, in conditions like megaloblastic anemia, where large red blood cells (high MCV) are
produced, the RDW-CV might be high. However, if the population is relatively homogeneous in its
macrocytic size, the RDW-CV might not be as elevated as expected. This is where RDW-SD can offer
additional information, providing a clearer picture of the absolute variability independent of the
average cell size. Clinicians must be aware of these nuances to avoid misinterpreting RDW-CV
results.

RDW-SD as a Complementary Measure

RDW-SD serves as a valuable complementary measure to RDW-CV, offering a more direct
assessment of the breadth of red blood cell sizes. In certain anemias, particularly those with mixed
populations of cells or early stages of development, RDW-SD can be elevated even when RDW-CV
appears normal or is only marginally increased. For instance, some myelodysplastic syndromes or
vitamin B12 deficiency can present with a relatively normal MCV but a significant RDW-SD,
indicating a heterogeneous population of red blood cells. Its absolute nature makes it a robust
indicator of subtle changes in cell volume distribution.

Consider it like measuring the thickness of a pile of books. RDW-CV would be like saying "the
variation in thickness is X% of the average thickness." If all your books are thin, even a small
difference in thickness can make that percentage high. RDW-SD is like saying "the thinnest book is Y
mm thinner than the thickest book." This gives you a direct sense of the absolute spread. Therefore,
when used together, RDW-CV and RDW-SD provide a more comprehensive and reliable assessment
of red blood cell anisocytosis.

Factors Affecting RDW Measurements

Several factors, both physiological and pathological, can influence RDW measurements, and it's
crucial for laboratory professionals and clinicians to be aware of these potential confounders. These
factors can lead to falsely elevated or decreased RDW values, potentially complicating the diagnostic
process. Understanding these influences helps ensure accurate interpretation of RDW results and
avoids unnecessary further investigations or misdiagnosis. It’s a bit like trying to measure the
perfect circle when your ruler has a slight bend - you need to account for that bend.

The methods used by automated hematology analyzers, while highly sophisticated, can also
introduce variability. Calibration, quality control, and the specific algorithms employed by different
manufacturers can lead to minor discrepancies in reported RDW values. Furthermore, patient-
specific factors, such as recent blood transfusions or the presence of certain underlying medical
conditions, can also impact the RDW. Meticulous attention to sample integrity and patient history is
therefore paramount.

Blood Transfusions and RDW

A significant factor that can dramatically affect RDW is a recent blood transfusion. When a patient



receives a transfusion of packed red blood cells, the circulating population of red blood cells in their
blood becomes a mixture of the patient's own cells and the donor's cells. Donor red blood cells may
have a different average size and size distribution compared to the recipient's cells. This immediate
introduction of a different cell population will inherently increase the variation in size, leading to a
marked increase in the RDW, regardless of the patient's underlying condition.

For this reason, it is generally recommended to measure RDW before a blood transfusion if possible,
or to interpret RDW values with caution in patients who have recently undergone transfusion. The
effect can be quite pronounced, sometimes doubling the RDW value. This is a transient phenomenon
that will resolve as the transfused cells are eventually cleared from circulation, but it can
temporarily mask or mimic various red blood cell disorders. It's like adding a new batch of different-
sized marbles to your existing collection - the overall variability instantly increases.

Other Influential Factors

Beyond blood transfusions, several other factors can influence RDW readings. Vitamin deficiencies,
particularly folate and vitamin B12 deficiency, are classic causes of macrocytic anemia and often
present with a high RDW. Conversely, iron deficiency anemia, which leads to microcytosis, also
typically results in an elevated RDW. The presence of reticulocytes, which are immature red blood
cells, can also impact RDW. If the bone marrow is actively producing red blood cells, a higher
number of reticulocytes, which are often larger than mature red blood cells, can increase the RDW.

Other conditions such as liver disease, certain cancers, myelodysplastic syndromes, and even
inflammatory conditions can contribute to anisocytosis and therefore an elevated RDW. It's also
important to note that very high white blood cell counts (leukocytosis) or platelet counts
(thrombocytosis) can sometimes interfere with the red blood cell counting mechanism of automated
analyzers, potentially affecting the accuracy of RDW calculations. In such cases, manual review of
the peripheral blood smear becomes essential.

RDW in the Diagnosis of Anemias

The RDW is an indispensable parameter in the differential diagnosis of anemia. By examining the
RDW in conjunction with the MCV, clinicians can effectively stratify different types of anemias and
guide further diagnostic testing. This approach significantly streamlines the diagnostic process and
helps avoid unnecessary or costly investigations. The interplay between RDW and MCV creates a
diagnostic grid that is immensely powerful.

For example, anemias can be broadly categorized as microcytic (low MCV), normocytic (normal
MCYV), or macrocytic (high MCV). Within each of these categories, the RDW provides further
discrimination. This systematic approach allows for a more targeted investigation, leading to quicker
and more accurate diagnoses, and ultimately, more effective treatment strategies. It's like having a
set of keys, and the RDW and MCV help you narrow down which lock needs opening.



Microcytic Anemias

Microcytic anemias are characterized by red blood cells smaller than normal (low MCV). The most
common causes are iron deficiency anemia and thalassemia trait. In early iron deficiency anemia,
even before the MCV drops significantly, the RDW is often elevated, reflecting the production of
smaller red blood cells alongside normal-sized ones. As iron deficiency progresses, the MCV
decreases, and the RDW typically remains high. Thalassemia trait, on the other hand, often presents
with uniformly small red blood cells, leading to a normal or only slightly elevated RDW, despite a
significantly low MCV.

Differentiating between iron deficiency and thalassemia trait is crucial because their treatments
differ significantly. Iron supplementation is the cornerstone of treating iron deficiency, while
thalassemia trait does not require iron therapy and can even be harmed by it. The RDW, in
conjunction with MCV and iron studies, plays a vital role in this distinction. A high RDW with a low
MCV strongly suggests iron deficiency, whereas a normal RDW with a low MCV points more towards
thalassemia trait.

Normocytic Anemias

Normocytic anemias present with red blood cells of normal size (normal MCV). This category
encompasses a wide range of conditions, including anemia of chronic disease, acute blood loss,
hemolysis, and certain renal diseases. Here, the RDW can provide valuable insights. An anemia of
chronic disease often has a normal RDW, as the production of red blood cells is usually regulated
and uniform. However, if the anemia of chronic disease is very severe or if there is a concurrent iron
deficiency, the RDW may become elevated.

Hemolytic anemias, which involve the premature destruction of red blood cells, can also lead to
normocytic anemia. Depending on the cause of hemolysis and the bone marrow's response, the RDW
can be normal or elevated. For instance, if the bone marrow is compensating effectively by releasing
reticulocytes, the RDW might increase. Differentiating these various causes often requires a
combination of RDW, MCV, and other specific laboratory tests.

Macrocytic Anemias

Macrocytic anemias are defined by red blood cells larger than normal (high MCV). The most
common causes are deficiencies of vitamin B12 and folate, essential for DNA synthesis and red blood
cell maturation. In these megaloblastic anemias, the bone marrow produces large, immature red
blood cells, and the RDW is almost always significantly elevated. The extreme variation in size
reflects the disordered maturation process. Differentiating between B12 and folate deficiency might
require specific serum levels of these vitamins.

Other causes of macrocytic anemia include liver disease, hypothyroidism, and certain medications.
In some cases of liver disease, red blood cells can develop abnormal shapes and sizes, leading to an
elevated RDW. Similarly, certain bone marrow disorders can also result in macrocytosis with



increased RDW. The high RDW in macrocytic anemias is a strong indicator of a significant
underlying issue with red blood cell production.

RDW in Non-Anemic Conditions

While the RDW is most prominently used in the diagnosis of anemias, its utility extends to various
non-anemic conditions. Elevated RDW in individuals without anemia can sometimes serve as an early
warning sign or an indicator of subclinical pathological processes. It suggests that something is
affecting the body's ability to produce or maintain a uniform population of red blood cells, even if the
overall red blood cell count or hemoglobin levels are still within the normal range.

This highlights the sensitivity of the RDW as a marker of cellular dynamics. The bone marrow is a
highly responsive organ, and subtle changes in nutritional status, inflammation, or cellular stress
can manifest as variations in red blood cell size distribution long before overt anemia develops. This
makes RDW a valuable screening tool in certain populations or for individuals with risk factors for
various diseases.

Early Detection of Nutritional Deficiencies

RDW can sometimes serve as an early indicator of developing nutritional deficiencies, such as iron,
vitamin B12, or folate deficiency, even before anemia becomes clinically apparent or detectable by
MCYV alone. In the early stages of iron deficiency, for instance, the body may still be able to maintain
a normal MCV by utilizing its iron stores, but the increased demand and altered red blood cell
production can lead to a slightly elevated RDW. This can prompt earlier investigation and
intervention, preventing the progression to overt anemia.

Similarly, subclinical deficiencies of B12 or folate can also manifest as an increased RDW in the
absence of a significantly low MCV. This makes RDW a useful parameter to monitor in populations at
risk for these deficiencies, such as vegetarians, pregnant women, or individuals with malabsorption
syndromes. Its ability to detect subtle changes in red blood cell production makes it a proactive
diagnostic marker.

Inflammatory Conditions and RDW

Chronic inflammatory conditions can also influence red blood cell production and survival, leading to
changes in RDW. Inflammation can affect iron metabolism, impair erythropoiesis, and increase red
blood cell destruction, all of which can contribute to anisocytosis. Therefore, an elevated RDW in a
patient without anemia may prompt a physician to investigate for underlying inflammatory
processes, such as autoimmune diseases, infections, or malignancies. It can serve as a red flag,
indicating that the body's homeostasis is being challenged.

The mechanism by which inflammation affects RDW is multifactorial. Inflammatory cytokines can
suppress erythropoiesis, leading to a less efficient production of red blood cells. Furthermore, the



body's response to inflammation can involve alterations in iron availability, impacting the quality of
newly produced red blood cells. While not diagnostic on its own, an elevated RDW in this context
adds another piece to the diagnostic puzzle, suggesting the need for a more thorough evaluation of
inflammatory markers and potential underlying causes.

Practical Considerations for RDW Interpretation

Interpreting RDW values requires a holistic approach, considering not only the numerical result but
also the clinical context of the patient. A single RDW value in isolation can be misleading. It is most
powerful when analyzed in conjunction with other laboratory findings, such as MCV, hemoglobin,
hematocrit, and red blood cell count, as well as the patient's medical history, symptoms, and
physical examination findings. The laboratory setting plays a crucial role in ensuring the accuracy
and reliability of these results.

It is also important for healthcare providers to be aware of the reference ranges provided by their
specific laboratory, as these can vary slightly depending on the analyzer and methodology used.
Understanding these nuances ensures that RDW findings are contextualized appropriately within the
broader clinical picture. This collaborative approach between laboratory and clinician is key to
maximizing the diagnostic utility of RDW.

The Importance of Peripheral Blood Smear Review

While automated hematology analyzers provide quantitative data like RDW, a peripheral blood
smear review by a trained hematologist or medical technologist remains an invaluable adjunct. The
smear allows for direct visualization of red blood cells, enabling the assessment of their morphology,
including size, shape, color, and the presence of inclusions. This microscopic examination can
confirm or refute findings suggested by RDW and MCV, providing critical qualitative data.

For example, if an automated analyzer flags a significantly elevated RDW, a peripheral smear can
confirm the presence of marked anisocytosis and identify specific morphological abnormalities that
might point to a particular diagnosis. Conversely, if the RDW is within the normal range, a smear
might reveal subtle abnormalities in cell morphology that were not captured by the RDW calculation
alone. The synergy between automated analysis and microscopic review is fundamental to accurate
hematological diagnosis.

Reference Ranges and Individual Variation

It is essential to recognize that "normal" RDW values can vary slightly between different laboratories
and populations. Standard reference ranges for RDW-CV are typically around 11.5% to 14.5%, while
RDW-SD ranges can vary more widely depending on the analyzer. However, what is considered
normal for the general population might not be normal for an individual patient with a specific
medical history or genetic predisposition. Therefore, trends in RDW over time for a particular
patient can be more informative than a single isolated reading.



Healthcare providers must always refer to the specific reference ranges provided by the laboratory
performing the test. Furthermore, some individuals may have a baseline RDW that is slightly outside
the typical reference range due to inherited factors, without any underlying pathology. Serial
monitoring of RDW in such individuals, alongside other hematological parameters, is crucial for
identifying any significant deviations that may indicate a developing health issue.

The Future of RDW Analysis

The field of hematology is continuously evolving, and RDW analysis is no exception. Advancements
in hematology analyzer technology are leading to more sophisticated algorithms and potentially new
RDW-related parameters. Researchers are exploring the potential of RDW to predict disease
progression, treatment response, and even cardiovascular risk in non-anemic individuals. The sheer
amount of data generated by modern analyzers is opening up new avenues for statistical analysis
and clinical correlation.

The integration of RDW data with artificial intelligence and machine learning algorithms holds
promise for even more precise diagnostic and prognostic capabilities. These advanced analytical
tools may uncover novel patterns and relationships that are not readily apparent through traditional
statistical methods. As our understanding of red blood cell biology and the factors influencing its
production deepens, the role of RDW in medical diagnostics is likely to expand further, solidifying its
position as a vital hematological marker.

Advanced RDW Indices and Predictor Models

Beyond the standard RDW-CV and RDW-SD, some advanced hematology analyzers can provide
additional indices that offer even more granular information about red blood cell volume
distribution. These might include parameters like the percentage of hypochromic cells or microcytic
cells. The ongoing research into predictive models leverages these detailed indices, along with other
clinical and laboratory data, to develop algorithms that can predict the likelihood of specific diseases
or the response to certain therapies. This moves beyond simple diagnostics towards personalized
medicine.

The potential applications are vast, ranging from predicting the risk of cardiovascular events in
individuals with metabolic syndrome to forecasting the likelihood of a positive response to
erythropoiesis-stimulating agents in anemic patients. By applying sophisticated statistical
techniques, researchers are uncovering hidden patterns in RDW data that can provide valuable
prognostic information, transforming how we approach patient care. It's about using the data more
intelligently to anticipate and manage health outcomes.

RDW in Precision Medicine

In the era of precision medicine, where treatments are tailored to the individual patient, RDW is
finding new relevance. Its ability to reflect underlying cellular processes and variations makes it a



valuable marker for stratifying patients for specific therapies or predicting their response. For
instance, in certain genetic anemias, the RDW might provide clues about the severity of the
condition or the potential benefit of gene therapy. The detailed information provided by RDW,
especially when combined with other omics data, can contribute to a more personalized approach to
diagnosis and treatment.

As genetic sequencing and other advanced diagnostic techniques become more commonplace, RDW
can act as a bridge between these molecular insights and observable physiological parameters. It
helps to connect the dots between a patient's genetic makeup, their cellular health, and their overall
clinical presentation. This integration is crucial for developing truly personalized treatment plans
that are both effective and efficient, ensuring that each patient receives the most appropriate care.












Frequently Asked Questions about RDW Process Math

Q: What is the most common type of anemia associated with
an elevated RDW?

A: The most common type of anemia associated with an elevated RDW is iron deficiency anemia. In
this condition, the body's ability to produce hemoglobin is impaired due to a lack of iron, leading to
the production of smaller red blood cells (microcytes) and a variable population of cells with
different sizes, thus increasing the RDW.

Q: Can a normal RDW rule out all types of anemia?

A: No, a normal RDW cannot rule out all types of anemia. For example, in early iron deficiency
anemia, the RDW might still be normal while the MCV is starting to decrease, or in some
thalassemia traits, the RDW can be normal despite microcytosis. Anemia of chronic disease can also
sometimes present with a normal RDW. Therefore, RDW is always interpreted alongside other CBC
parameters.

Q: What is the role of MCV in interpreting RDW?

A: MCV (Mean Corpuscular Volume) is crucial for interpreting RDW. RDW-CV (Coefficient of
Variation) is calculated as a percentage of the standard deviation of red blood cell volume relative to
the MCV. Therefore, the MCV provides context for the RDW-CV. For instance, a slightly elevated
RDW-CV might be significant if the MCV is low, indicating a greater relative variation in smaller
cells.

Q: How does a blood transfusion affect the RDW value?

A: A blood transfusion significantly increases the RDW. This is because the transfused red blood
cells, from a donor, may have a different size distribution than the recipient's own red blood cells.
This introduction of a mixed population of cells with varying sizes inherently leads to a higher RDW,
regardless of the patient's underlying condition. It's a transient effect that will resolve over time as
the transfused cells are cleared.

Q: Are there any non-anemic conditions where RDW might be
elevated?

A: Yes, RDW can be elevated in non-anemic conditions. For example, early nutritional deficiencies
(like subclinical iron deficiency), certain inflammatory conditions, liver disease, and even vitamin
deficiencies can lead to an increased RDW before overt anemia develops. It can serve as an early
indicator of underlying health issues affecting red blood cell production or survival.



Q: What is the difference between RDW-CV and RDW-SD?

A: RDW-CV (Coefficient of Variation) expresses the variation in red blood cell volume as a
percentage of the MCV. RDW-SD (Standard Deviation) expresses the absolute standard deviation of
red blood cell volumes in femtoliters (fL). RDW-SD provides a direct measure of the width of the
distribution curve, less influenced by MCV, making it potentially more sensitive in certain scenarios.

Q: Can RDW be used to monitor treatment response?

A: Yes, RDW can be used to monitor treatment response, particularly for anemias. For example, in
iron deficiency anemia treated with iron supplements, a decreasing RDW towards the normal range
indicates that the bone marrow is producing more uniform red blood cells, signifying a positive
response to therapy. Similarly, improvements in vitamin deficiencies treated with supplementation
can also be reflected by a normalizing RDW.

Q: What is the normal reference range for RDW-CV?

A: The typical normal reference range for RDW-CV is approximately 11.5% to 14.5%. However, this
range can vary slightly depending on the laboratory and the specific hematology analyzer used. It is
always important to consult the reference ranges provided by the laboratory that performed the test.
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