Revista Romdna de Medicina de Laborator Vol. 25, Nr. 4, Octombrie, 2017 375

oe [ Original Research

G
DOL: 10.1515/11Im-2017-0032

Effect of long period treatment with erythropoiesis
stimulating agents on clinically and laboratory parameters
in hemodialysis autosomal dominant polycystic kidney
disease patients

Olga Hilda Orasan'™, Ljubomir Petrov?, Laura Urian®**, Angela Cozma',
George Ciulei', Ioan Mihai Patiu’, Remus Aurel Orasan’

1. 4™ Medical Department, University of Medicine and Pharmacy Iuliu Hatieganu,
Cluj-Napoca, Romania
2. Hemathology Department, University of Medicine and Pharmacy Iuliu Hatieganu,
Cluj-Napoca, Romania
3. Nefromed Dialysis Center, Cluj-Napoca, Romania

Abstract

Introduction. The study of dialysis patients not needing erythropoiesis-stimulating agents (ESA) for long pe-
riods of time has gained interest lately. The aim of this study was to compare laboratory and clinical parameters
in hemodialysis patients with autosomal dominant polycystic kidney disease (ADPKD) treated or not with ESA.
Methods. Forty-six hemodialysis ADPKD patients were studied for 8 months and they were divided into. group I-
29 patients who received ESA during the study period and group 2- 17 patients with no ESA treatment. The following
parameters were determined: weekly treatment time, body mass index (BMI), pre-session diastolic blood pressure
(DBP), pre-session systolic blood pressure (SBP), blood volume processed (BVD), interdialytic body weight gain
(IBWG), spKt/V -K/DOQI formula (Kt/V), urea distribution volume (UDV), hemoglobin (Hb), ferritin, transferrin
saturation (TSAT), serum phosphate, total serum calcium, normalized protein catabolic ratio (nPCR), albumin,
and intact parathormone (PTH). Results. Patients not requiring ESA were more likely to be men, had higher Hb,
albumin, total serum calcium levels, IBWG, UDV, BVP, and weekly treatment time. They had lower ferritin, TSAT,
SBP. There was no difference regarding DBP, BMI, serum phosphate, PTH, Kt/V, and nPCR. Conclusion. Hemo-
dialysis ADPKD patients not treated with ESA seem to be better nourished, with a slightly better SBP control, with
longer dialysis time and increased Hb (despite lower iron loading markers), compared to hemodialysis ADPKD
patients treated with ESA.
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Introduction

A relatively small part of the chronic hemo-
dialysis (HD) patients maintain acceptable lev-
els of hemoglobin (Hb) without requiring eryth-
ropoiesis-stimulating agents (ESA) or blood
transfusions over longer periods of time (1).
Naturally occurring Hb concentrations above 12
g/dL do not associate with increased mortality
in HD patients. The absence of anemia may be
related, in part, to a higher capacity of patients
to produce erythropoietin (EPO) (2). The pres-
ence of renal or hepatic cysts was associated
with increased EPO synthesis and the absence
of anemia in patients on HD (3). Patients with
polycystic kidney disease produce more EPO
and require lower ESA doses (4). Cyst stromal
cells produce mRNA for EPO, and the cyst EPO
production is independent of oxygen pressure
(5). In HD patients with autosomal dominant
polycystic kidney disease (ADPKD) the clinical
and laboratory factors associated with the pres-
ence or the absence of the ESA therapy are less
investigated.

The objective of this study was to compare
clinical and laboratory features of HD patients
with ADPKD not requiring ESA for a long peri-
od of time (8 months) with ADPKD patients on
HD who received ESA during the same period
of time.

Subjects and Methods

We performed a multicenter, retrospective
and observational study, which included patients
from 7 Romanian dialysis centers.

All patients with ADPKD and end-stage
renal disease (ESRD) on regular HD treatment
were included in the study. Patients with acute
clinical conditions requiring hospitalization, pa-
tients with missing laboratory or clinical data
during the study period were excluded from the
study. A total of 46 patients (8.9% of the total
number of patients) met the inclusion and the

exclusion criteria. Only patients who gave their
informed consent were included in the study.

The patients were treated with bicarbonate
buffered high-flux HD using polysulphone, syn-
thetic, high flux dialyzers (Fresenius Medical
Care, Bad Homburg, Germany). Water quality
was regularly monitored to ensure tight bacteri-
ologic standards (total viable count <0.1 cfl/mL
and endotoxin level <0.03 EU/mL).

For all patients in the study group we as-
sessed weekly treatment time, body mass in-
dex (BMI), pre-session diastolic blood pres-
sure (DBP), pre-session systolic blood pressure
(SBP), blood volume processed (BVD), inter-
dialytic body weight gain (IBWG), spKt/V —K/
DOQI formula (Kt/V), urea distribution volume
(UDV), hemoglobin (Hb), serum phosphate, to-
tal serum calcium and normalized protein cata-
bolic ratio (nPCR), on monthly basis (first mid-
week dialysis of each month). Every 3 months
(first midweek dialysis of the month) ferritin,
transferrin saturation (TSAT), and albumin were
determined, while intact parathormone (PTH)
was assessed at 6 month intervals.

The 46 patients were divided into 2 study
groups: the patients who received ESA during
any moment in the 8 months of the study were
included in group 1, and the patients who did not
receive ESA at all during the entire study period
formed group 2.

We compared a pooled mean of patient pa-
rameters in group 1 with a pooled mean of pa-
tient parameters in group 2.

The anemia treatment with ESA and iron
and the treatment for mineral bone disease sec-
ondary to chronic kidney disease with phosphate
binders (calcium-containing and calcium-free)
and vitamin D derivatives were used. All centers
had common medical guidelines and treatment
protocols for dialysis adequacy, anemia, mineral
bone condition, nutrition, and high blood pres-
sure. ESA average monthly dose in group 1 was
4347.6 1U per patient. In group 1 intravenous
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iron was administered in 18 patients at least for
one month and the average dose was 366.3 mg/
month/patient, while in group 2 only 4 patients
needed iron and the average dose was 290.9 mg/
month/patient.
The study protocol was approved by the Eth-
ics Committee of the involved dialysis centers.
Normally distributed variables were ex-
pressed as meantstandard deviation, while
non-normally distributed variables (ferritin,
PTH, dialysis vintage, and weekly treatment
time) were described as median (Q1-Q3). A
p-value <0.05 was considered to be statistical-
ly significant. Student’s t-test for independent
normally distributed variables, Wilcoxon test for
non-normally distributed parameters and Pear-
son’s Chi-squared test for factors were applied.
A multiple regression model was used for iden-
tifying predictive factors for ESA requirement.
All statistical calculations were made using the
statistical software Remdr Version 3.3.2.
Ethical approval: All procedures performed
in the study involving human participants were
in accordance with the ethical standards of the in-
stitutional and national research committees and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent: The subjects’ participa-
tion in the study was voluntary, biological sam-
ples were collected after obtaining the written
consent for participation.

Results

In group I, there were 10 men (34.48%)
and 19 women (65.52%). The mean age was
58.67£9.95 years (women 57.66+9.34 years;
men 60.59+11.27 years) and the mean dialysis
vintage was 41.06 (31.73-71.85) months (wom-
en 33.51 (23.49-71.85) months; men 47.96
(37.01-76.94) months).

Group 2 included 13 men (76.47%) and 4
women (23.53%). The mean age was 59.80+6.35

years (women 59.42+5.49 years; men 59.92+6.80
years) and the mean dialysis vintage was 47.08
(32.49-84.53) months (women 48 (34.46-82.46)
months; men 47.08 (30.94-84.53) months).

There was no statistically significant differ-
ence between the two groups in terms of age
(p=0.14) and dialysis vintage (p=0.06), but there
was a significant difference in sex distribution
(p=0.006).

SBP, ferritin, CRP, and TSAT were signifi-
cantly higher in group 1 compared to group 2,
while IBWG, albumin, Hb, Ca, UDV, and BVP
were lower (Table 1).

Male patients included in group 2 had sta-
tistically significant higher levels of albumin
(group 1 = 3.6+0.46 g/dL vs group 2= 3.8+0.27
g/dL, p=0.03), BMI (group 1= 25.1+4.34 kg/
m?vs group 2= 27.4+3.09 kg/m?, p<0.001), Ca
(group 1= 8.4+0.88 mg/dL vs group 2= 8.9+0.85
mg/dL, p=0.002), and Kt/V (group 1= 11.2+1.6
vs group 2= 13.1£1.48, p<0.001), and signifi-
cantly lower ferritin (group 1= 345.5 (104.5-
828.7) ng/mL vs group 2= 131.3 (36.7-368.5)
ng/mL, p=0.004) as compared to group 1.

In the female population, there was no com-
parison between the two groups since the small
number of patients in group 2 (4 patients) was
irrelevant in terms of statistical analysis.

Using a multiple regression model we
found that ESA requirement is associated with
higher BVP, DPB, nPCR, BMI and lower SBP
and UDV (R?= 0.2369, Adjusted R?> = 0.1973,
F(18,347)=5.9842, p<0.001, Std.Error of esti-
mate: 0.4329) (Table 2).

Discussion

A higher Hb target (such as 13.5 g/dL)
achieved by using ESA in HD patients was not
found to be associated with an improvement in
quality of life or in a reduced number of ad-
verse events such as myocardial infarction,
congestive heart failure, stroke, or mortality
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Table 1. Clinical and laboratory parameter comparisons between the study groups

Parameter Group 1 (ESA) Group 2 (non-ESA) p
Albumin (g/dL) 3.7+0.4 3.840.2 0.03
BMI (kg/m?) 27.6£5.4 26.943.5 0.17
Calcium (mg/dL) 8.3+0.9 9+0.8 <0.001
Ferritin (ng/mL) 486 (303.4-844.6) 131.3 (26.7-393.8) <0.001
Phosphate (mg/dL) 5.4+1.5 5.6+£1.2 0.29
Hb (g/dL) 11.1+£1.32 13+1.4 <0.001
IBWG (%) 2.1+1.1 2.4+1.2 0.008
PTH (pg/mL) 391.7 (176-641.3) 417 (243.4-847.2) 0.30
Kt/V 1.5+£0.3 1.4+0.2 0.05
TSAT (%) 31.2£13.9 24.3+£14.8 0.009
SBP (mmHg) 136.2+19.2 131.5+19.4 0.03
DBP (mmHg) 73+12.4 73.8+12.7 0.45
UDbV 33.1+3.85 34.8+£2.5 <0.001
BVP (L) 78.2£16.6 81.9+13.6 0.03
Weekly treatment time (min) 720 (720-780) 720 (720-720) 0.80
nPCR 1.1£0.3 1.1+0.2 0.98
CRP (mg/L) 11.03 (5.9-12.8) 7.3 (2.5-8.8) 0.022

ESA- erythropoiesis-stimulating agents, BMI- body mass index, Hb- hemoglobin, IBWG- interdialytic body weight gain, PTH-
intact parathormone, Kt/V - spKt/V —K/DOQI formula, TSAT- transferrin saturation, SBP- predialysis systolic blood pressure,
DBP- predialysis diastolic blood pressure, UDV- urea distribution volume, BVP- blood volume processed, nPCR - normalized

protein catabolic ratio, CRP - C-reactive protein

(6,7). Patients with higher chance to maintain
Hb levels above 12 g/dL without ESA were
men, of a lower age and with a higher dialy-
sis vintage (8,9). The use of a percutaneous HD
catheter was associated with a lower likelihood
of being part of the non-ESA group. The pres-
ence of ADPKD correlated with higher levels
of Hb than other underlying kidney diseases
and a higher chance of patients belonging to
the non-ESA group (2,10). In another study on
1318 HD patients (1307 in the ESA group and
11 in the non-ESA group), the non-ESA group
had, again, a higher proportion of men, with
a higher dialysis vintage, a higher prevalence
of ADPKD, but also an increased level of en-
dogenous EPO. There was no significant differ-

ence in iron metabolism between the ESA and
non-ESA group (11). Verdalles et al. compared
45 patients on HD belonging to the non-ESA
group and 205 patients on HD belonging to the
ESA group. Those who had non-ESA status
were mostly younger men, with longer dialysis
vintage, and a higher prevalence of ADPKD.
When comparing ADPKD patients against sub-
jects with acquired polycystic kidney disease,
there was no significant difference in Hb, dial-
ysis vintage, age, gender, and EPO levels (3).
Takeda et al. compared an ESA group that con-
sisted of 133 patients against a non-ESA group
that had 25 patients, and found no difference re-
garding gender, presence of ADPKD, serum al-
bumin (increased in the non-ESA group that we
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Table 2. Association of clinical and laboratory parameters with ESA needs

Parameter b* Std.Err. of b* t(347) p

Albumin (g/dL) 0.061 0.053 1.162 0.246
BMI (kg/m?) 0.320 0.072 4.445 <0.001
Calcium (mg/dL) -0.081 0.058 -1.414 0.158
Ferritin (ng/mL) 0.028 0.053 0.520 0.604
Phosphate (mg/dL) -0.089 0.056 -1.593 0.112
Hb (g/dL) 0.017 0.059 0.290 0.772
IBWG (%) -0.089 0.052 -1.716 0.087
PTH (pg/mL) -0.063 0.049 -1.279 0.202
Kt/V -0.079 0.063 -1.261 0.208
TSAT (%) -0.055 0.048 -1.135 0.257
SBP (mmHg) -0.264 0.070 -3.761 <0.001
DBP (mmHg) 0.295 0.075 3.918 <0.001
UDV -0.373 0.082 -4.574 <0.001
BVP (L) 0.243 0.059 4.141 <0.001
Weekly treatment time (min) -0.013 0.050 -0.251 0.802
nPCR 0.235 0.060 3.918 <0.001
CRP (mg/L) -0.034 0.049 -0.710 0.478

ESA- erythropoiesis-stimulating agents, BMI- body mass index, Hb- hemoglobin, IBWG- interdialytic body weight gain,
PTH- intact parathormone, Kt/V - spKt/V —-K/DOQI formula, TSAT- transferrin saturation, SBP- predialysis systolic blood
pressure, DBP- predialysis diastolic blood pressure, UDV- urea distribution volume, BVP- blood volume processed, nPCR -

normalized protein catabolic ratio, CRP - C-reactive protein

studied), with another study finding again that
non-ESA patients had higher albumin levels
(2), iron values, C-reactive protein, nPCR (no
difference as well in our study), and even en-
dogenous EPO. However, higher dialysis vin-
tage, higher BMI, and serum leptin levels were
found to be independent factors that contribute
to the presence of non-ESA status (we did not
find differences in BMI) (12). When comparing
the two groups in our study, there was no sig-
nificant difference in age and dialysis vintage,
but there was one regarding gender distribu-
tion, with more men belonging to the non-ESA
group. This gender difference in erythropoiesis
is caused by, among others, the stimulatory ef-
fect of androgens in the bone marrow, stimu-
lation of EPO production by androgens in the

kidneys, while estrogen has an inhibitory effect
on red cell production in the bone marrow (13).
According to Shah et al., in patients with
ADPKD with infrequent ESA usage (less than
25% of the follow-up time), a Hb value above 13
g/dL offers greater survival, and in patients with
ADPKD and regular ESA usage (greater than
25% of the follow-up time) an Hb between 12
and 13 g/dL has the greater survival value. Also,
in the lower Hb range, ADPKD patients have
better survival than non-ADPKD ones (14).
Hypertension is an early sign in ADPKD that
precedes the onset of actual renal failure and is
usually diagnosed in the third decade of life, yet
it is also common in children and young adults
with ADPKD (15). We measured the SBP and
DBP and found that only the SBP was signifi-
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cantly lower in the non-ESA group. Goodkin et
al. found that hypertension in non-ESA patients
was less common than in patients who need ESA
(1) yet this result can be explained by the fact
that ESA are in themselves a cause for hyper-
tension, an effect that can be independent of the
actual increase in hematocrit. In individuals on
HD who receive ESA, SBP increased with an av-
erage of 5 to 8 mmHg and DBP increased with 4
to 6 mmHg, as did the hospital admission rate for
severe hypertension. The effect on blood pres-
sure was dose-dependent (16).

Chronic inflammation in ESRD is consid-
ered one of the main factors that leads to in-
creased ferritin values in patients on HD (17).
ESA administration was associated with higher
CRP compared to patients with no ESA treat-
ment, confirming a role of inflammation in ane-
mia pathogenesis. Increased ferritin in ESRD
was also associated with a partial, inefficient
response to ESA, and more severe anemia (18).
Our non-ESA patients had lower values of ferri-
tin than the ones in the ESA group, a result that
matches others (2,12). TSAT was also reduced in
our group, as was in another study, while others
did not observe a significant difference or did not
find TSAT values as predictive factors for non-
ESA status (2,3,12). The study by Gaweda et al.
analyzed how ferritin and TSAT values influence
Hb increase after ESA therapy in patients on HD.
It was found that in lower TSAT ranges, Hb in-
crease is greater the higher TSAT is. This effect
reached a plateau in the 30-40% value range of
TSAT and any further increase of it did not bring
an added benefit. For ferritin, the maximum Hb
response appeared at values of 1300 ng/mL, yet
92% of the maximum Hb increase appeared at a
ferritin value of 500 ng/mL and TSAT of 34%.
Even so, of the two markers, only TSAT was
found to be a statistically significant predictor of
Hb response to ESA, but not ferritin (19).

It has been observed that secondary hyper-
parathyroidism is involved in the pathogenesis

of anemia in patients with ESRD. High PTH
may induce bone marrow fibrosis, directly in-
hibit erythropoiesis, or increase the fragility of
red blood cells. Pharmacological and surgical
treatment of secondary hyperparathyroidism has
been shown to improve anemia (20). In the two
groups we studied, PTH and phosphate serum
values were not significantly different, but se-
rum calcium was higher in our non-ESA group.
Others found that PTH was actually higher in the
non-ESA group although it was not an indepen-
dent factor for non-ESA status (12).

In a previous work IBWG did not present
a significant correlation with Hb levels in pa-
tients on HD, but Hb levels higher than 12g/dL
were associated with cardiovascular mortality in
subjects with an IBWG higher than 5.4% (21).
In our study non-ESA patients presented with
higher IBWG values. IBWG was increased in
men more than it was in women (22), and since
our non-ESA group had a higher ratio of men it
might explain the difference.

Regarding dialysis adequacy and ESA sta-
tus we did not find differences between the two
ADPKD groups. Other studies did not find a
significant difference in Kt/V and it was not a
predictive factor for non-ESA status (2,3). In a
group of 68 HD patients, Kt/V did not correlate
with hematocrit but a significant inverse associa-
tion between Kt/V and ESA dose was observed.
The ESA dose was significantly lower in patients
with a Kt/V level above 1.4 when compared to
patients with Kt/V below 1.4, with a 45% reduc-
tion in the ESA dose required (23).

The significant associations of ESA require-
ment revealed by multiple regression showed in-
creased BVP, nPCR and BMI as predictive fac-
tors for ESA use. This is rather surprising since
increased hemodialysis efficiency and better nu-
trition are generally known as correcting factors
of renal anemia. ESA treatment is sometimes ac-
companied by hypertension. In our study higher
DBP and lower SBP were associated with ESA
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requirement, suggesting a different tendency in
patients with ADPKD. Better nourished ADPKD
patients on HD, with a slightly better SBP con-
trol, with longer dialysis time and increased Hb
had a lower ESA requirement in our study.

The limitation of this study consists of the
relatively small number of patients, who, how-
ever, represent a significant group for ADPKD.
Since the power of the multiple regression mod-
el was weak, the findings should be carefully in-
terpreted.
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