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Abstract
Background: Therapeutic phlebotomy is used to manage selected conditions associated with erythrocytosis and iron overload.
Although its clinical role is established in specific indications, the magnitude of haematological response and treatment patterns
in routine tertiary-care practice require evaluation in appropriately characterised patient cohorts.
Objective: To evaluate changes in haemoglobin and haematocrit following therapeutic phlebotomy and to describe treatment
characteristics and associated changes in blood volume and plasma volume among patients treated at a tertiary-care centre.
Methods: This retrospective cohort study included 134 patients who underwent therapeutic phlebotomy between January 2022
and December 2023. Clinical records were reviewed for patient characteristics, indications for treatment, number of procedures,
volume of blood removed, and available pre- and post-treatment laboratory measurements. Paired outcome comparisons were
performed using appropriate statistical methods. The study was reported in accordance with the STROBE recommendations for
observational research.
Results: The mean haemoglobin decreased from 17.6 £ 1.6 to 17.2 + 1.7 g/dL, while mean haematocrit decreased from 54.2 +
4.6% to0 52.6 + 4.7%. Mean blood volume decreased from 69.4 + 4.0 to 66.6 + 4.5 mL/kg, and mean plasma volume changed from
31.6 £ 3.5 to 31.5 + 3.9 mL/kg. Paired statistical analyses, effect estimates and confidence intervals are required to establish the
precision and statistical significance of these changes.
Conclusion: The observed pre- and post-treatment differences suggest a reduction in haemoglobin, haematocrit and estimated
or measured blood volume following therapeutic phlebotomy. The clinical significance of these changes and their relationship to
diagnosis-specific treatment targets require further evaluation.
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1. Introduction

Erythrocytosis is characterised by an increase in haemoglobin concentration and/or haematocrit and may result from
primary haematological disorders or secondary causes, including chronic hypoxia, medication use and other
underlying conditions (Gangat et al., 2023). Polycythaemia vera (PV) is a clonal myeloproliferative neoplasm, usually
associated with JAK2 mutations, that increases the risk of arterial and venous thrombosis, bleeding and disease
progression (Harrison et al., 2025; Tefferi & Barbui, 2023). Consequently, appropriate diagnosis, risk stratification and
management are essential to reduce complications and improve clinical outcomes.

Therapeutic phlebotomy (TP) involves the controlled removal of blood to reduce circulating red-cell mass or body
iron stores, depending on the underlying indication. It is a cornerstone of PV management, with a recommended
haematocrit target below 45%, generally alongside low-dose aspirin when not contraindicated (Tefferi & Barbui,
2023; Tremblay et al., 2025). TP is also used in selected cases of secondary erythrocytosis and in iron-overload
disorders, including hereditary haemochromatosis and porphyria cutanea tarda (Leaf & Dickey, 2024; Palmer &
Stancampiano, 2025). However, its indications and treatment targets are not interchangeable across conditions. In
non-PV erythrocytosis, indiscriminate phlebotomy may be inappropriate, and treatment should be guided by the
underlying cause and potential symptomatic benefit (Gangat et al., 2023). Individualised prescriptions, appropriate
procedural monitoring and reliable clinical documentation are therefore important components of TP practice
(Peedin & Karp, 2021).

Previous studies have investigated the haematological effects and clinical applications of TP. In a prospective
longitudinal study involving 26 patients, Bhatia et al. (2023) reported significant reductions in haemoglobin and
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haematocrit following serial phlebotomy using a fixed-volume and ﬁx>ed~in>tefva‘l'—protocol, accompanied by
improvements in reported symptoms. Gupta et al. (2024), in a five-year retrospecﬁve.§tudy at é‘té‘rtiary-care hospital
in Navi Mumbai, examined TP indications and laboratory responses among 150 patients.and reported reductions in
haemoglobin and haematocrit with increasing treatment sessions. Das et al. (2018) specifically investigated plasma-
volume changes in patients undergoing TP, highlighting the relevance of assessing volume-related parameters
alongside conventional haematological measurements. More recently, Dhiman et al. (2026) analysed 272 procedures
in 174 patients and examined differences between primary and secondary erythrocytosis, procedural characteristics,
laboratory responses, adverse events and follow-up. Collectively, these studies demonstrate the clinical relevance of
evaluating treatment response while also highlighting the importance of diagnostic classification and comprehensive
outcome assessment.

Despite this evidence, comparisons between institutional cohorts require careful consideration of differences in
patient characteristics, indications, treatment protocols, measurement methods and follow-up. Changes in group-
average haemoglobin or haematocrit alone do not establish whether individual patients achieve diagnosis-specific
treatment targets or experience improved symptoms, fewer adverse events or reduced long-term complications.
Furthermore, blood-volume and plasma-volume findings require clear documentation of measurement methods and
appropriate statistical analysis.

The present retrospective study evaluated patients who underwent TP at a tertiary-care centre between January
2022 and December 2023. The primary objective was to assess paired changes in haemoglobin and haematocrit
before and after treatment. Secondary objectives were to describe treatment indications and characteristics and to
evaluate changes in blood volume and plasma volume, where valid measurements were available. By characterising
these outcomes in a routine-care setting, the study aims to contribute institution-specific evidence on TP practice
and identify opportunities for improving clinical documentation, monitoring and future outcome assessment.

2. Materials and Methods

2.1. Study Design and Setting

A retrospective observational study was conducted at a tertiary care centre to evaluate the clinical applications of
therapeutic phlebotomy and associated changes in selected laboratory and blood-volume parameters. The study
covered the period from January 2022 to December 2023. Data were obtained retrospectively from hospital medical
records of patients who underwent therapeutic phlebotomy during the study period.

2.2. Study Population and Sample Size

The study included 134 patients who underwent therapeutic phlebotomy at the tertiary care centre between January
2022 and December 2023. Patient records were retrospectively reviewed to obtain relevant clinical and laboratory
information for evaluating the study parameters before and after therapeutic phlebotomy.

2.3. Data Collection

Clinical and laboratory information was retrospectively retrieved from hospital medical records for the 134 patients
who underwent therapeutic phlebotomy during the study period. The data collected included the indications for
therapeutic phlebotomy, number of treatment sessions, volume of blood removed per session, and laboratory and
physiological parameters recorded before and after treatment. The collected information was used to evaluate
changes in haemoglobin, haematocrit, blood volume, and plasma volume following therapeutic phlebotomy.

2.4. Therapeutic Phlebotomy and Outcome Measures

Therapeutic phlebotomy was the intervention evaluated in this study. The primary parameters assessed were
haemoglobin concentration (Hb) and haematocrit (Hct), while blood volume (BV) and plasma volume (PV) were
evaluated as additional parameters. Pre-treatment and post-treatment values were compared to assess changes in
these parameters following therapeutic phlebotomy. The number of treatment sessions and the volume of blood
removed per session were also recorded from the available hospital medical records.

2.5. Statistical Analysis
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Descriptive statistics were used to summarise the study variables. Continudus»yariébres-were expressed as mean +
standard deviation (SD). Pre-treatment and post-treatment values of haemoglo'bin.,,_(_Hb), haematocrit (Het), blood —
volume (BV), and plasma volume (PV) were compared to describe the changes observed following therapeutic
phlebotomy.

2.6. Ethical Considerations
The study was conducted after obtaining approval from the Institutional Ethics Committee. The study procedures
were carried out in accordance with the applicable institutional ethical requirements.

3. Results

3.1. Overview of the Study Population

The present retrospective study evaluated changes in selected laboratory and blood-volume parameters among 134
patients who underwent therapeutic phlebotomy at a tertiary care centre between January 2022 and December
2023. The analysis focused on four parameters: haemoglobin concentration (Hb), haematocrit (Hct), blood volume
(BV), and plasma volume (PV). The mean values and standard deviations recorded before and after therapeutic
phlebotomy were used to describe the observed changes associated with the procedure. The comparative results
are presented in Table 1 and Figure 1.

3.2. Changes in Haemoglobin Concentration

The mean haemoglobin concentration before therapeutic phlebotomy was 17.6 + 1.6 g/dL. Following treatment, the
mean value decreased to 17.2 + 1.7 g/dL. The absolute difference between the reported pre-treatment and post-
treatment means was 0.4 g/dL, representing an approximately 2.3% reduction relative to the baseline mean. This
decrease indicates that the post-treatment group mean haemoglobin concentration was lower than the
corresponding pre-treatment value. The standard deviation increased slightly from 1.6 g/dL before treatment to 1.7
g/dL after treatment. This describes the variability around the respective group means but does not establish
whether individual patients experienced similar reductions. The available summary data demonstrate a modest
decrease in mean haemoglobin concentration following therapeutic phlebotomy. However, the statistical significance
of this difference cannot be determined without the appropriate paired statistical analysis.

3.3. Changes in Haematocrit

The mean haematocrit value decreased from 54.2 + 4.6% before therapeutic phlebotomy to 52.6 + 4.7% after
treatment. The absolute reduction was 1.6 percentage points, corresponding to an approximately 3.0% decrease
relative to the pre-treatment mean. Among the four parameters evaluated, haematocrit showed a clearer numerical
reduction than haemoglobin when expressed as a percentage of its baseline mean. The standard deviation increased
slightly from 4.6 to 4.7 percentage points following treatment. These descriptive findings indicate a lower mean
haematocrit after therapeutic phlebotomy, accompanied by a small increase in the variability of the recorded values.
Nevertheless, the reported means alone do not establish whether the reduction was statistically significant or
whether patients achieved specific diagnosis-dependent treatment targets. Such conclusions require individual-level
results and appropriate statistical testing.

3.4. Changes in Blood Volume

The mean blood volume decreased from 69.4 + 4.0 mL/kg before treatment to 66.6 * 4.5 mL/kg after therapeutic
phlebotomy. The absolute difference between the reported means was 2.8 mL/kg, representing an approximately
4.0% reduction from baseline. Numerically, this was the largest relative decrease among the four parameters
assessed. The standard deviation increased from 4.0 to 4.5 mL/kg after treatment, indicating greater dispersion
around the post-treatment mean. The observed reduction in mean blood volume occurred alongside the decreases
in haemoglobin and haematocrit. However, the available summary statistics do not establish a direct relationship
between changes in these parameters or demonstrate that the reduction in blood volume was caused exclusively by
therapeutic phlebotomy. Interpretation also depends on the method used to measure or estimate blood volume and
the timing of the post-treatment assessment.
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3.5. Changes in Plasma Volume < -

In contrast to the reductions observed in haemoglobin, haematocrit, and bloodw thé.ﬁéa'ﬁp}ama—ve#ume—“'_

showed minimal numerical change. The pre-treatment mean was 31.6 + 3.5 mL/kg, compared with 31.5 + 3.9 mL/kg
after treatment. The absolute difference was 0.1 mL/kg, corresponding to an approximatay\o.3% decrease relative
to baseline. The standard deviation increased from 3.5 to 3.9 mL/kg, suggesting greater variability around the post-
treatment mean. Although the group-average plasma volume remained relatively similar before and after treatment,
this finding does not demonstrate that plasma volume was unchanged in every patient. Individual responses may
differ, and the available aggregate data do not permit assessment of those differences.

3.6. Overall Comparison of Pre-treatment and Post-treatment Parameters

Taken together, the reported descriptive results showed decreases in mean haemoglobin, haematocrit, and blood
volume following therapeutic phlebotomy, while mean plasma volume remained relatively stable. The corresponding
absolute changes were -0.4 g/dL, -1.6 percentage points, -2.8 mlL/kg, and -0.1 mL/kg, respectively. These
differences are summarised in Table 1 and illustrated in Figure 1. The findings provide a descriptive account of
changes in the selected parameters among the study population. However, in the absence of verified inferential
statistical results, they should not be interpreted as evidence of statistically significant treatment effects. The
available results also do not establish changes in symptoms, complications, adverse events, or long-term clinical
outcomes. Further interpretation of the findings should therefore consider the retrospective study design, the
methods used to obtain the measurements, and the availability of paired observations for each parameter.

Figure 1. Changes in haemoglobin, haematocrit, blood volume, and plasma volume before and after therapeutic
phlebotomy (n = 134).
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Table 1. Changes in laboratory and blood-volume parameters before and after therapeutic phlebotomy

Parameter Before phlebotomy (mean | After phlebotomy (mean | Absolute change
+ SD) + SD)

Haemoglobin (g/dL) | 17.6 +1.6 17.2+1.7 -0.4

Haematocrit (%) 542 +4.6 52.6+4.7 -1.6 percentage

points

Blood volume 69.4+4.0 66.6 + 4.5 -2.8

(mL/kg)

Plasma volume 31.6+3.5 31.5+3.9 -0.1

(mL/kg)
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Note: Absolute change is calculated as the post-treatment mean minus the pré-t'r‘eatment mean. SD, standard
deviation. —

4, Discussion

The present retrospective study evaluated changes in haemoglobin (Hb), haematocrit (Hct), blood volume (BV), and
plasma volume (PV) among 134 patients who underwent therapeutic phlebotomy at a tertiary care centre between
January 2022 and December 2023. The principal findings were reductions in mean Hb, Hct, and BV after treatment,
whereas mean PV remained relatively stable. These observations provide descriptive evidence of changes in selected
parameters in routine clinical practice. However, the findings should not be interpreted as proof of statistically
significant treatment effects or improved clinical outcomes because verified inferential statistics, individual patient-
level changes, and long-term follow-up results were not available.

Mean Hb decreased from 17.6 + 1.6 to 17.2 + 1.7 g/dL, while mean Hct declined from 54.2 + 4.6% to 52.6 + 4.7%.
These changes are consistent with the expected direction of haematological response following blood removal.
Bhatia et al. (2023) reported more substantial reductions in Hb and Hct after serial therapeutic phlebotomy using a
fixed-volume and fixed-interval protocol, accompanied by improvements in reported symptoms. Dhiman et al. (2026)
similarly documented reductions in these parameters among patients with primary and secondary erythrocytosis.
Differences in the magnitude of change between these studies and the present findings may reflect variations in
baseline values, treatment frequency, number of procedures, patient characteristics, and assessment timing.

The clinical importance of Hct reduction is particularly evident in polycythaemia vera (PV), a myeloproliferative
neoplasm associated with increased thrombotic risk. In the CYTO-PV randomised trial, Marchioli et al. (2013)
demonstrated that maintaining Hct below 45% was associated with a lower rate of cardiovascular death and major
thrombosis than a less intensive target of 45-50%. This evidence supports the importance of appropriate Hct control
in confirmed PV. Nevertheless, the post-treatment mean Hct of 52.6% in the present study does not establish
whether individual patients achieved their intended targets. Moreover, the CYTO-PV findings should not be directly
extrapolated to all forms of erythrocytosis, because treatment goals depend on the underlying diagnosis and clinical
circumstances.

Diagnostic classification is therefore essential when interpreting the observed changes. Mithoowani et al. (2020)
emphasised the need to distinguish relative erythrocytosis, caused by reduced plasma volume, from absolute
erythrocytosis associated with increased red-cell mass. The diagnostic framework described by Arber et al. (2016)
also highlights the importance of distinguishing PV from other myeloid disorders through appropriate clinical,
haematological, and molecular assessment. McMullin et al. (2019) further outlined evidence-based
recommendations for diagnosing and managing PV. Because the present results do not provide detailed diagnostic
subgroup data, it is not possible to determine whether the observed changes differed between primary and
secondary erythrocytosis or whether treatment targets were achieved in specific patient groups.

The interpretation of haematological parameters in a tertiary-care setting should consider laboratory quality and the
clinical context of the patient population. Previous studies from Saveetha Medical College and Hospital have
examined preanalytical errors in haematology and clinical haematological profiles, highlighting the importance of
reliable laboratory assessment in patient care (Kani et al., 2024; Yogalakshmi et al., 2024). Related work from the
institution has also described therapeutic red-cell exchange in a patient with sickle cell disease, illustrating the role
of specialised blood-based interventions in selected clinical settings (lyyapan et al., 2025). These studies provide
institutional context, although their findings should not be interpreted as direct evidence of the effectiveness of
therapeutic phlebotomy.

The management of secondary erythrocytosis requires particular caution. Gangat et al. (2023) and O’Neill and
O’Connell (2024) highlighted the limited evidence supporting routine phlebotomy in some non-clonal and idiopathic
forms of erythrocytosis. Treatment should address the underlying cause, and phlebotomy should be considered in
the context of symptoms and the individual clinical situation rather than applied indiscriminately. McMullin et al.
(2018) also discussed the management of specific clinical situations in PV and related disorders. These
recommendations underline the need to document the indication for each procedure and to interpret laboratory
changes in conjunction with the underlying diagnosis.

Mean BV decreased from 69.4 + 4.0 to 66.6 + 4.5 mL/kg, representing an absolute reduction of 2.8 mL/kg. In contrast,
mean PV decreased only slightly, from 31.6 + 3.5 to 31.5 + 3.9 mL/kg. Das et al. (2018) specifically examined plasma-
volume changes in patients with polycythaemia undergoing therapeutic phlebotomy, demonstrating the relevance
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of considering volume-related measurements alongside conventional haematologlcak parameters. However, the

present group averages do not establish that PV was preserved in every patient or.that the BV reduction-resulted

exclusively from the intervention. The methods used to measure or estimate these parameters and the timing of
post-treatment assessment are important for reproducibility and interpretation.

Therapeutic phlebotomy also requires an appropriately prescribed and monitored procedure. Peedln and Karp (2021)
described its use as a planned therapeutic intervention for conditions including PV and iron-overload disorders,
rather than as an interchangeable substitute for routine blood donation. Kim and Oh (2016) reviewed its clinical
applications in disorders such as hereditary haemochromatosis and porphyria cutanea tarda, where the treatment
objectives differ from those in erythrocytosis. Van Buren et al. (2020) examined therapeutic phlebotomy in
testosterone-induced polycythaemia, illustrating the importance of considering medication-related causes and the
specific clinical context. Consequently, a decrease in Hb or Hct alone is not sufficient to establish the overall
effectiveness of treatment across different indications.

Several limitations should be acknowledged. The retrospective design depends on the completeness and accuracy of
existing medical records. The available results do not establish detailed diagnostic subgroups, treatment-session
distributions, individual target attainment, or the timing of follow-up measurements. The methods used to determine
BV and PV also require clear documentation. In addition, without verified paired statistical analyses, the observed
differences cannot be described as statistically significant. Adverse events, symptom improvement, and long-term
clinical outcomes were not reported in the available results and therefore cannot be evaluated.

Despite these limitations, this study provides a descriptive account of changes in four parameters among patients
receiving therapeutic phlebotomy in a tertiary-care setting. The findings emphasise the value of documenting pre-
treatment and post-treatment measurements and interpreting them according to the underlying indication. Future
studies incorporating diagnostic stratification, standardised measurement procedures, paired statistical analysis,
treatment-target attainment, and systematic monitoring of symptoms and adverse events would provide stronger
evidence regarding the clinical outcomes of therapeutic phlebotomy.

5. Conclusion

This retrospective study evaluated changes in haemoglobin, haematocrit, blood volume, and plasma volume among
134 patients who underwent therapeutic phlebotomy at a tertiary care centre between January 2022 and December
2023. The findings demonstrated reductions in mean haemoglobin, haematocrit, and blood volume following the
procedure, whereas mean plasma volume remained relatively stable. These observations provide a descriptive
overview of changes in selected haematological and volume-related parameters in routine clinical practice. However,
the absence of verified inferential statistical analyses, detailed diagnostic subgroup information, and long-term
follow-up limits the conclusions that can be drawn regarding treatment effectiveness and clinical outcomes.
Therapeutic phlebotomy should be individualised according to the underlying diagnosis, clinical indication, and
appropriate treatment targets. Future prospective studies incorporating standardised measurement methods, paired
statistical analyses, systematic adverse-event monitoring, and longitudinal clinical assessment are warranted to
establish the magnitude and clinical significance of these changes. Overall, this study highlights the importance of
documenting pre- and post-procedure parameters to support the evaluation and monitoring of therapeutic
phlebotomy in tertiary-care settings.
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