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ABSTRACT

Background: Access to dialysis in South AfTica is limited by budgetary constraints. Erythropoiesis-stimulating agents (ESAs)
are used to manage anaemia in dialysis patients but are significant cost drivers. We aimed to evaluate haemoglobin and weight
variation during dialysis and to assess whether using post-dialysis haemoglobin rather than pre-dialysis haemoglobin was
associated with ESA dose reduction and cost benefit.

Methods: In this single-centre cross-sectional study, haemoglobin and weight differences before and after a 4-hour mid-
week maintenance haemodialysis session were compared. The ESA doses required to maintain haemoglobin levels within
the recommended range of 10 — 11.5g/dL were calculated based on the pre- and post-dialysis haemoglobin results, and the
difference was used to determine the cost benefit.

Results: Fifty-five patients on chronic haemodialysis at a tertiary hospital in Johannesburg, South Africa, were enrolled.
The mean post-dialysis haemoglobin was higher than pre-dialysis haemoglobin (11.34+1.75 vs 10.92+1.45g/dL, p=0.003),
representing a 3.95% mean haemoglobin increase. The mean intradialytic weight reduction was 3.32+1.68%, p<0.0001. The
calculated median ESA dose based on post-dialysis haemoglobin was significantly lower than the ESA dose based on the pre-
dialysis haemoglobin (6,000 (IQR 0-12 0000) vs 8,000 (IQR 4,000-12,000) IU/week, p<0.0001). The difference in ESA dose

translated into a mean cost saving of 21.38%.

Conclusion: In an environment where dialysis access is limited by resource constraints, ESA dosing based on post-dialysis
haemoglobin concentrations may translate into significant cost savings. Larger studies are required to validate this approach
and assess long-term patient outcomes.
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INTRODUCTION Anaemia in ESKD primarily results from reduced endoge-

The prevalence of chronic kidney disease (CKD) in South 20U erythropoietin production, compounded by factors such

Africa is estimated to be between 6.4% and 10.7%.(1,2) as iron deficiency, chronic inflammation, reduced red blood

However, data on the number of patients with end-stage cell lifespan, and blood loss associated with dialysis proce-

kidney disease (ESKD) are scarce. The South African Renal dures.(5) Multiple large international studies have shown that
Registry Report documents that 8,881 patients were receiv- the p{%rlalence of anaemia rises with a<.ivai1nc1ng CKD stage.
ing kidney replacement therapy (KRT) in South Africa in (6-8) The reported prevalence of anaemia in CKD in sub-Sa-

2023, 6262 (70.5%) of these patients were on haemodialysis haran. Afri.ca is from sin%Ie'cent'res YVith smali s:iunple ?ize.s.
(HD).(3) Access to KRT is limited by resource constraints, It varies ;mc'lely, from 14 ./0 in Nigeria to 89’5/.0 mn Ethwp 12
with an overall dialysis treatment rate of 145 per million and 91.8% in South Africa.(9-11) A systematic review and

population (pmp); 44 pmp in the state sector and 720 pmp meta-analysis of anemig among CKD patcients in 25 studies
in the private sector. This is well below the prevalence of from Sub-Saharan Africa (n=5 042) estimated the pooled

treated ESKD in the United States, which is 2437 pmp.(4) prevalence to be 59.15% (95% C, 50.02-68.27) with a sub-
stantial level of heterogeneity between studies.(12)
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Anaemia in HD patients is associated with significant
risks that impact morbidity and mortality, including cardi-
ovascular complications (left ventricular hypertrophy, heart
failure, and ischaemic heart disease), reduced quality of life,
increased risk of hospitalisation, worsened cognitive func-
tion, a higher prevalence of depression, and complications
related to blood transfusions.(13-17)

The latest KDIGO Anaemia in CKD guidelines rec-
ommend a haemoglobin (Hb) target of 10-11.5 g/dL in
chronic HD patients.(5) Whilst the guideline does not
prescribe an exact timing of Hb sampling relative to the
dialysis session, it is generally accepted that Hb levels
are drawn pre-dialysis.(5) Numerous studies document a
variation in serum Hb concentration before, during, and
after a HD session.(18-21) The use of pre-HD Hb may
underestimate Hb due to volume overload, leading to an
over-estimation of ESA dose required to reach target Hb
range; however, the use of post-HD Hb for ESA dosing
may result in potential underdosing due to haemoconcen-
tration of Hb during a HD session.

Erythropoiesis-stimulating agents (ESAs) play a central
role in the management of anaemia in patients undergoing
HD. Clinical guidelines emphasise correcting iron defi-
ciency and other reversible causes of anaemia before initi-
ating ESA therapy.(22) Their use has significantly reduced
the need for blood transfusions in this population and has
been associated with improved patient well-being, physi-
cal function, and overall quality of life.(23) Determining
the appropriate ESA dose remains challenging due to Hb
variability, patient heterogeneity, and the timing of Hb
measurement. Hb levels should be monitored regularly
to avoid over-correction of Hb or use of high ESA doses,
which may increase the risk of hypertension, stroke, vascu-
lar access thrombosis, and mortality.(24,25)

ESAs are a significant cost driver in ESKD treatment. In
the United States, ESAs account for the single largest drug
expenditure for Medicare beneficiaries with ESKD.(26)
An Italian cohort study assessed direct healthcare costs in
CKD patients treated with ESAs and found that in dial-
ysis patients, the ESA-related cost represented about 6%
of total annual costs.(27) In a systematic review of ESKD
costs in Africa, medication costs (including ESAs) were
explicitly identified among the direct medical cost items.
This high per-patient cost of ESAs may represent a major
challenge for budgets and sustainability.(28)

In the South African context, where dialysis is already
highly resource-intensive, the ESA cost adds further pres-
sure. This study aimed to evaluate variation in Hb and
weight during a dialysis session and to assess whether using
post-HD Hb rather than pre-HD Hb was associated with
changes in ESA dose and potential cost-benefit.

METHODOLOGY

This was a cross-sectional study of patients attending the
adult outpatient maintenance HD unit at Charlotte Maxeke

Johannesburg Academic Hospital in Johannesburg, South
Africa. Ethical approval for this study was granted by the
University of Witwatersrand Human Research Ethics
Committee.

All patients were aged 18 or older and on maintenance
HD, three times per week for at least 6 months. Each ses-
sion lasted 4 hours. Exclusion criteria included patients
with a co-morbidity associated with altered fluid distribu-
tion, such as heart failure or liver failure, current hospitali-
zation, and patients with an incomplete dataset.

Serum Hb monitoring and ESA dose adjustment are
undertaken monthly in this unit. The same nephrologist
determined all ESA dosing. Each patient had their weight
and serum Hb concentrations measured before (‘pre’) and
after (‘post’) a midweek HD session. All data was collected
during one week. The pre-HD Hb sample was taken at the
beginning of the HD session, and the post-HD Hb sample
was taken immediately after the HD session ended. Hb con-
centration was measured using Sysmex XN10/20 analysers
(Kobe, Japan) by the on site National Health Laboratory
Service laboratory. Weight was measured in kilograms with
a digital scale in the dialysis unit. Ultrafiltration for each
patient was targeted to their individual dry weight.

The Kidney Disease Improving Global Outcomes
(KDIGO) Anaemia in CKD guideline recommends a hae-
moglobin target of 10-11.5 g/dL for patients on chronic
HD.(17) The ESA administered in the unit was Epoetin
beta, available at our hospital in prefilled syringes of 2000
IU, 4000 IU, and 8000 IU. The patients’ prescribed ESA
doses were recorded, and the doses required to maintain
Hb levels within the recommended range were adjusted
for each patient based on their pre-HD Hb results and a
theoretical dose based on their post-HD Hb results. The
difference in ESA dose was computed and used to calculate
the cost-benefit.

STATISTICAL METHODS

'The data were imported into Python 3.8 (Anaconda Inc.,
Berlin, Germany, 2021) and analysed. Normality was
assessed graphically and using the Shapiro-Wilk test.
These data were expressed as the mean and standard devi-
ation. Non-parametric data were expressed as median and
interquartile range. The principal statistical test employed
was a Wilcoxon signed-rank test. Categorical variables
were compared using the X? test. P < 0.05 was considered
statistically significant.

RESULTS

During the study period, sixty adult patients were receiv-
ing chronic HD at our facility. Five patients were excluded
due to missing data; 55 patients were included in this study
(Figure 1).

Baseline characteristics are shown in Table 1. There were
thirty females (54.55%) and 25 males (45.45%) in the cohort.
'The mean age was 42.53 * 11.98 years. Fifty-three (96.36%)
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Figure 1: Patient flow diagram of included patients

patients in the sample are of African ethnicity, with the
remaining 2 (3.64%) patients being of mixed race. The
median dialysis vintage was 7.0 years (IQR 3.50-12.0 years).
All patients underwent a 4-hour dialysis session.

The mean pre-HD Hb was significantly lower than
the mean post-HD Hb (10.92 + 1.45g/dL vs. 11.34 =
1.75 g/dL, p = 0.003), which equates to a 3.95% mean per-
centage increase in Hb concentration. According to the
KDIGO 2012 Anaemia in CKD guideline, using pre-HD
Hb measurements, 12 (21.8%) patients had low Hb levels
(<10 g/dL) and 21 (38.2%) had on-target Hb levels (10—
11.5 g/dL). However, when post-HD Hb values were used,
3 out of 12 (25.0%) patients with a pre-HD Hb <10 g/dL
had an Hb within the KDIGO target range, whilst 5 out
of 21 (23.8%) patients with a pre-HD Hb of 10-11.5 g/dL
had a post-HHD Hb above the recommended range of
11.5 g/dL.Table 1.

The mean pre-HD weight and post-HD weights
were 62.61 + 15.41 kg and 60.69 = 15.12 kg, respectively
(p < 0.0001). The mean percentage intradialytic weight
reduction was 3.23 + 1.68% (p < 0.0001).

'The calculated median ESA dose based on post-HD Hb
was 6,000 TU/week (IQR 0-12,000 IU/week), which was
significantly lower than the calculated median ESA dose
based on the pre-HD Hb, which was 8,000 IU/week (IQR
4,000-12,000 IU/week), p < 0.0001.

'The patients were grouped according to their intradialytic
weight change percentage. Twenty-one (38.18%) patients’
weight reduced by <2.5%, 27 (49.09%) by 2.5%—4.9%,
and 7 (12.73%) by 25%. The median ESA doses based on
pre-HD and post-HD Hb results, grouped by intradialytic

weight change percentage, are shown in Table 2. All groups
showed a significant difference in ESA dosing based on
pre-HD and post-HD Hb measurements.

The mean reduced cost of the calculated ESA dose
based on pre-HD and post-HD Hb values was 21.38%.
The mean cost of the ESA dose based on pre-HD Hb was
R 1,500.00/patient/week; the price based on post-HD Hb
was R 1,000.00/patient/week. Thus, this change in practice
could lead to a cost saving of R 26,000.00/patient/ year.
The shift in the distribution of ESA doses, rounded to the
nearest 2000 IU, was statistically significant (p < 0.001).

DISCUSSION

Our study demonstrates that using post-HD Hb values for
ESA dosing in chronic HD patients is associated with sig-
nificant dose reductions and cost savings.

Lower ESA doses are associated with Hb levels less
likely to be above the recommended range, thereby reduc-
ing the risk of complications associated with higher hae-
moglobin concentrations. In recent years, several studies
have examined the relationship between ESA dosage and
mortality in HD patients; a higher ESA exposure has been
shown to independently predict adverse cardiovascular
outcomes and increased mortality, even after adjusting for
Hb levels.(29-31) Incorporating post-HD Hb values into
dosing decisions may minimise the risk of overtreatment
with ESA

Although KDIGO does not recommend a specific tim-
ing for blood sampling, it strongly emphasizes uniform-
ity; advising that Hb be measured at the same point in the
dialysis cycle each time. This consistency ensures reliable
comparisons and meaningful trend analysis.

Traditional reliance on pre-dialysis Hb may underesti-
mate actual red cell mass due to plasma volume expansion
between sessions, leading to overtreatment with ESA.(32)
Five of 21 (23.8%) patients within our cohort had a
pre-HD Hb measurement within the normal range but
a post-HD Hb above target. This potential overestima-
tion of anaemia severity not only increases drug exposure

Table 1: Baseline characteristics of the cohort with haemoglobin and weight change pre- and post-HD

Total cohort Pre-HD value Post-HD value p value
n=55

Age, years (SD) 42.53 +11.98

Male sex, n (%) 25 (45.45)

Black ethnicity, n (%) 53(96.36)

Time on dialysis session, hours (SD) 4 (0)

Dialysis vintage, years (IQR) 7(3.5-12)

Hb, g/dL, (SD) 10.92 (1.45) 11.34 (1.75) 0.003

Weight, kg (SD) 62.61 (15.41) 60.69 (15.12) < 0.0001

Hb, haemoglobin; HD, haemodialysis; SD, standard deviation
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Table 2: Change in ESA doses based on pre-HD and post-HD Hb results in relation to intradialytic weight change

Percentage intradialytic Number of patients

Median ESA dose based Median ESA dose based p-value

weight loss (%) n (%) onpre—HD Hbvalue on post—HD Hb value
IU/week (IQR) IU/week (IQR)

<2.5 21(38.18) 8000 (4000-8000) 4000 (0-8000) <0.01

2.5-4.9 27 (49.09) 8000 (4000-18000) 8000 (0-12000) <0.01

>5 7 (12.73) 8000 (8000-16000) 4000 (2000-10000) 0.015

ESA, erythropoiesis-stimulating agent; Hb, haemoglobin; HD, haemodialysis; IQR, interquartile range

but also heightens the risk of adverse events and health
care costs associated with higher Hb levels in chronic HD
patients.

A key concern with using post-HD Hb levels for ESA
dosing is that they may not accurately reflect actual Hb
concentrations due to haemoconcentration secondary
to excessive ultrafiltration and plasma volume shifts. In
our cohort, patients were targeted to achieve their pre-
scribed dry weight through ultrafiltration at each session,
which may help mitigate excess haemoconcentration and
its confounding impact on post-HD Hb measurements.
Multiple studies have demonstrated a rise in serum Hb
following an HD session, with this elevation persisting
for at least 24 hours.(18-21) Consistent with these find-
ings, our data showed a 3.95% increase in post-HD Hb
levels compared to pre-HD values. Castillo et al. reported
a post-HD Hb increase of 6.1%. In addition, they exam-
ined Hb fluctuations across the dialysis cycle by measur-
ing serum Hb immediately before and after HD, and at
4,24, and 48 hours post-dialysis.(33) They found no sig-
nificant difference between the immediate post-HD Hb
and values obtained during the interdialytic measurement
period, indicating a ‘slow re-equilibration’ and suggesting
an extended exposure to the higher post-HD Hb levels
that may more closely reflect the patient’s steady-state
hematologic status.

Another possible risk of using post-HD Hb for ESA
dosing is missing patients with true anaemia. In our cohort,
3 (25%) of 12 patients had a post-HD Hb within the nor-
mal range, but pre-HD Hb below target. This potential
overestimation of serum Hb levels could lead to an inap-
propriate reduction in ESA dose, resulting in prolonged
anaemia, fatigue, progression of LVH, and increased trans-
fusion risk.

From an economic perspective, the implications are
substantial. Previous analyses have demonstrated that
even modest reductions in ESA dose translate into con-
siderable savings when extrapolated across dialysis
populations.(26,34) Our study showed a mean ESA cost
reduction on 21.38% when using post-HD rather than
pre-HD Hb levels. This change in practice could lead to a
cost saving of R 26,000.00/patient/year. For the 55 patients
included in the study, this results in a cost reduction of

R 1,430,000.00/year for our unit. According to the 2023
South African Renal Registry, there are 6262 patients on
haemodialysis in South Africa. This change in routine
practice could lead to a saving of R 162,812,000.00/year.
Cost reduction could be further extrapolated to include
benefits from lower hospitalisation rates, cardiovascular
mortality, and vascular access thrombosis, resulting from
fewer patients with Hb above the target and excessive ESA
exposure. Studies by Castillo et al. and Sagheb et al. have
mirrored this significant reduction in cost with the applica-

tion of post-HD Hb to calculate ESA dose.(21,33)

LIMITATIONS

This study has several limitations. First, its cross-sectional
design and relatively small sample size from a single dialysis
centre limit the generalizability of the findings to broader
HD populations. The lack of longitudinal follow-up pre-
cluded the assessment of sustained ESA dose reduction,
long-term anaemia control, and patient-centred outcomes,
such as fatigue, quality of life, and hospitalization rates,
limiting the ability to assess the broader clinical impact
of this dosing strategy. The absence of body composition
monitoring and lung ultrasound assessments represents an
additional limitation, as these tools could have provided
valuable insights into patients’ fluid status and help verify
that the observed post-HD Hb concentrations were not
influenced by excessive ultrafiltration or residual volume
overload.

CONCLUSIONS

In an environment where dialysis access is limited by
resource constraints, the findings of this study provide
preliminary evidence supporting the use of post-HD Hb
concentration as a practical, cost-effective guide for opti-
mizing ESA therapy. Thus ESA dosing based on post-HD
Hb concentrations may yield significant cost savings and
reduce the risk of inappropriately high ESA doses in
patients on chronic HD. These results provide a strong
rationale for future multicentre, longitudinal studies to val-
idate this approach, assess long-term patient outcomes, and
evaluate its integration into standardized anaemia manage-
ment protocols.
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