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Abstract

Background: Hemodialysis patients are followed by routine laboratory testing. There is uncertainty whether these
tests always lead to a change in decision-making. This study aims to discover the number of yearly interventions/
changes in prescription based on these tests and depict the group of patients who would benefit from reduced or
increased laboratory blood tests.

Methods: This is a multi-center retrospective study that included patients on hemodialysis for more than one year.
Laboratory data collected included yearly average of hemoglobin, urea reduction ratio (URR), serum phosphate,
calcium, potassium, parathormone (PTH), ferritin and transferrin saturation (TSAT); changes in prescription of
erythropoietin-stimulating agents (ESAs), intravenous (IV) iron, alfacalcidol, phosphate binders and dialysis parameters
were retrieved from medical records. A multivariate regression analysis assessed factors associated with high number
of interventions.

Results: A total of 210 hemodialysis patients were included: 62.4% males, 47.1% diabetics. Their median age was 72
(62,78.5) years. Their laboratory parameters were within KDIGO targets. The median number of yearly interventions
was 5 (3,7) for ESAs, 4 (2,6) for IV iron, 1 (0,2.25) for phosphate binders, 0 (0,1) for alfacalcidol. Based on the multivariate
analysis, patients with higher ferritin, frequent changes in ESA, more changes in alfacalcidol and higher PTH had
higher number of prescription’s changes in ESA, IV iron, phosphate binders and alfacalcidol respectively.

Conclusion: While maintaining KDIGO targets, therapeutic interventions following routine laboratory testing did
not exceed six times yearly for all parameters. This suggests that a reduced testing frequency in hemodialysis patients
is possible without any impact on quality of care. A personalized approach remains safe for hemodialysis patients
while reducing the cost. This is very relevant in low-resource settings and during economic crises and needs to be
evaluated in prospective studies.
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Background

Hemodialysis is the most common form of renal replace-
ment therapy worldwide. Hemodialysis regimens can
differ among patients but chronic hemodialysis patients
have usually three sessions per week with each dialysis
session lasting three to five hours [1]. They are usually
monitored by routine laboratory testing to ensure dialy-
sis adequacy and detect complications associated with
chronic kidney disease stage 5 on dialysis (CKD stage 5D)
such as anemia, mineral bone disorders and electrolytes’
disturbances. The best practice worldwide suggests to
draw a monthly blood test for these patients. Neverthe-
less, this routine is not based on solid evidence [2].

The 2017 Kidney Disease: Improving Global Outcomes
(KDIGO) guideline on the management of chronic kid-
ney disease-mineral bone disorder (CKD-MBD) sug-
gests measuring serum calcium and serum phosphate
every one to three months and serum parathyroid hor-
mone (PTH) every three to six months. In CKD stage 5D
patients, laboratory parameters should fall within CKD-
MBD KDIGO targets: maintaining serum PTH two to
nine times the top margin of normal, avoiding hypercal-
cemia and lowering serum phosphate toward the normal
range [3]. In the absence of robust scientific evidence,
KDIGO also recommends monitoring hemoglobin (Hb)
every month and both ferritin and transferrin saturation
(TSAT) every three months [4]. KDOQI anemia guide-
lines recommend in patients on chronic hemodialysis a
Hb of 11-12 g/dL (not to exceed 13 g/dL) and administra-
tion of intravenous iron (IV iron) as long as TSAT <20%
and ferritin<200 ng/ml [1]. The KDIGO anemia guide-
lines are also aligned with KDOQI and suggest that Hb
does not exceed 11.5 g/dL but they recommend intrave-
nous iron (IV iron) be given as far as ferritin <500 ng/mL
and TSAT <30% [4].

Several studies tried to determine the best frequency of
laboratory sampling in hemodialysis patients in order to
maintain patients’ parameters within guidelines’ targets.
Gaweda et al. measured Hb weekly for a better anemia
management [5]. On the other hand, Greenberg et al.
showed that patients monitored monthly instead of quar-
terly for PTH reached better KDOQI target PTH values
[6]. However, Yokoyama et al. found no benefit in a more
frequent measurement when serum calcium, phosphate
and PTH were in their target values [7]. Most recently, a
Canadian study by Silver et al. revealed that blood testing
every six weeks instead of every four weeks was sufficient
and was not associated with a change in anemia and min-
eral bone disease targets [8].

There is uncertainty whether the costly regular tests
often lead to a change in the decision-making of nephrol-
ogists. Our study aims to find out the yearly number of
interventions/changes in prescription based on these
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tests and to depict the specific group of patients who
would benefit from reduced testing.

Materials and methods

Study design and participants

This a multi-center retrospective study that included
patients on hemodialysis for more than twelve consecu-
tive months between February 2012 and February 2021.
The study was conducted in three Lebanese dialysis
units: Hotel-Dieu de France (HDF), Saint-Georges Ajal-
toun Hospital (HSGA) and Bellevue Medical Center
(BMC). The eight nephrologists working in these units
managed patients according to the KDIGO guidelines.
We excluded from the study patients on dialysis for less
than one year, those aged less than 18 years old and any
patient who was not tested regularly as per the national
guidelines of the country. The Lebanese national guide-
lines for hemodialysis facilities require monthly mea-
surement of Hb, electrolytes, urea reduction ratio (URR),
serum phosphate, serum calcium and every four months
PTH, ferritin and TSAT [9].

Data collection

The data collection was based on the medical records
present in each dialysis unit. It included age, gender,
cause of ESKD, dialysis vintage (in months), inhibitors of
renin angiotensin aldosterone system (RAASi). Comor-
bidities included diabetes, hypertension, cancer, coronary
artery disease (CAD), hepatitis B or C. The laboratory
parameters Hb, URR, PTH, TSAT, ferritin, serum potas-
sium, calcium and phosphate were collected from the
last year of follow-up. For each patient, twelve values of
Hb, URR, serum potassium, phosphate and calcium were
summed and divided by twelve; three values of PTH,
TSAT and ferritin were summed and divided by three.
Over the same year, changes in prescription of erythro-
poietin stimulating agents (ESAs), IV iron, alfacalcidol,
cinacalcet, kayexalate, phosphate binders (PB), and of
dialysis parameters were collected.

Measurements

The laboratory parameters including Hb, platelets, urea,
potassium, ferritin, TSAT (iron/TIBC), calcium, phos-
phate, PTH and serum albumin were measured using
standard techniques in the three hospitals. PTH levels
of the HDF hospital were multiplied by two because they
were measured using the third-generation technique.
Blood samples were taken immediately before starting
dialysis during the mid-week session.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences, Version 24.0 (SPSS Inc.-
IBM corp., Armonk, NY, USA). Continuous data with
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normal distribution were reported as mean and standard
deviation (SD) and as median and interquartile (IQR) if
non-normally distributed. Continuous variables such as
number of interventions per year were reported as both
means and medians if normally distributed because the
median was used to divide the sample into two groups
for the logistic regression. Categorical data were reported
as numbers and percentages. Mann Whitney test, inde-
pendent t-test, Chi Square test and Fischer’s Exact test
were used to compare two groups of interventions. In
order to analyze the factors associated with high num-
ber of interventions per year, we divided the sample into
two groups based on the median. A multivariate logistic
regression analysis was performed to assess factors asso-
ciated with high frequency of interventions; the model
included all significant values from the bivariate analysis.
P-value <0.05 was considered as statistically significant.

Results

Patient characteristics

A total of 210 hemodialysis patients were included: 88
patients from HDF, 84 from HSGA and 38 from BMC
(Table 1). The median age of patients at the time of the
study was 72 years old (62,78.5). The median age of
patients at dialysis initiation was 68 (59, 75). The median
dialysis vintage was 34 months (20.75, 66), 62.4% of
patients were males and 47.1% had diabetes. Their labo-
ratory parameters were within KDIGO targets (high-
lighted in Table 1). The median number of interventions
per year (changes of prescription) was 5 (3,7) for ESAs, 4
(2,6) for IV iron, 1 (0,2.25) for any phosphate binder and
0 (0,1) for alfacalcidol.

Clinical outcome 1: number of ESA interventions per year
Two groups of patients were compared based on the
median of ESA interventions per year, those who had a
change of prescription 5 times a year or less and those
who had>5 interventions per year (Table 2). Those who
had lower hemoglobin levels (median 11 g/dL), higher
ferritin levels (mean 633.8 ng/mL), higher TSAT levels
(median 28%) and who were in the first three years of
dialysis (median 31 months) needed changes of ESA pre-
scription in ESA above 5 times a year.

Based on the multivariate logistic regression analysis,
ferritin, iron dose and number of interventions for iron
per year were associated with a higher frequency of ESA
interventions per year (Table 3).

When comparing patients with autosomal domi-
nant polycystic kidney disease (ADPKD) to the rest of
patients, they had significantly less interventions for ESA
(p=0.024) with significant lower doses of ESA monthly
(p=0.009) and higher levels of hemoglobin (p=0.004).
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Clinical outcome 2: number of IV iron interventions per
year

For IV iron, we compared patients who had<4 inter-
ventions per year to patients with >4 interventions per
year (Table 4). Those who had lower hemoglobin levels
(median 11.1 g/dL), higher mean yearly modifications of
ESA (5.5%2.3) and who were older (median 74 years old)
needed changes of prescription in IV iron above 4 times
a year.

Based on the multivariate logistic regression analysis,
older age and higher number of changes in ESA prescrip-
tions were associated with a higher frequency of IV iron
prescriptions’ modifications per year (Table 5).

Clinical outcome 3: number of phosphate binders’
interventions per year

Patients on calcium-based phosphate binder (CBB) or
non-calcium-based phosphate binder (NCBB) were
divided into 2 groups: those with <1 interventions
per year against those with >1 intervention per year
(Table 6). Those who had lower dialysis vintage (median
31 months), who were smokers and who had higher mean
yearly modifications of alfacalcidol, higher hemoglobin,
PTH and phosphate needed changes of prescription in
phosphate binders more than once per year.

Based on the multivariate logistic regression analysis,
smokers and higher number of changes in alfacalcidol
prescriptions were associated with a higher frequency of
phosphate binder prescriptions’ modifications per year
(Table 7).

Clinical outcome 4: number of alfacalcidol interventions
per year

A comparison was done for changes in prescription of
alfacalcidol by dividing patients into two groups: with no
interventions versus =1 intervention per year (Table 8).
Those who were younger (median age 67 years) and those
who had higher PTH levels needed at least one yearly
modification in phosphate binders’ prescription.

Discussion

Our study showed that routine monthly blood tests in
hemodialysis patients were not always needed to modify
prescriptions of medications or dialysis parameters. In
the majority of our patients, the anemia and CKD-MBD
blood parameters were maintained within the KDIGO
targets despite the lack of a regular or monthly change
in prescriptions. The median number of interventions
per year targeting anemia were 5 and 4 for ESA and IV
iron respectively. These changes in prescription occurred
less frequently compared to the routine of monthly
hemoglobin testing and triannual iron parameters’ test-
ing. This suggests that reducing hemoglobin monitor-
ing to every two months can be feasible in the majority
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Table 1 General characteristics of all patients
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Total
N=210

Age (years), median (IQR)

72 (62,78.25)

Sex, M/F (%) 131/79 (62.4/37.6)
Dialysis vintage (months), median (IQR) 34 (20.75, 66)
Nephropathy 89 (42.4)
-Diabetic 35(16.7)
-Nephrosclerosis 26(124)
-Glomerulonephritis 15(7.1)
-Autosomal dominant polycystic kidney disease (ADPKD) 32(15.2)
-Unknown etiology 13(6.2)

-Chronic tubulointerstitial nephritis

Diabetes, n(%) 99 (47.1)
Hypertension, n(%) 201 (95.7)
Smoking status, n(%) 80 (38.1)

CAD, n(%) 82 (39)

Cancer, n(%) 28 (13.3)
Hepatitis B, n(%) 0(0)

Hepatitis C, n(%) 0(0)
Hemoglobin over one year, median (IQR) 11.27(10.78,11.78)
Hemoglobin=11 g/dL, n(%) 132 (62.9)
Hemoglobin =10.5 g/dL, n(%) 176 (83.8)
Ferritin over one year, ng/mL, mean+SD 533.89+£258.26
TSAT over one year, median (IQR) 0.26 (0.21,0.31)
TSAT =20%, n(%) 172 (81.9)

Serum calcium over one year, mg/dL, mean+SD 9.01+048
Serum phosphate over one year, mg/dL, mean+SD 44+11

Serum phosphate <5 mg/dL, n(%) 175(83.3)

PTH, over one year, pg/mL, median (IQR) 2324(129.7,413.2)
URR over one year, mean+SD 0.75+0.05
Serum potassium over one year, median (IQR) 5.11(4.73,545)
Serum potassium >6meq/L, n(%) 13(6.2)

RAAS inhibitors intake, n(%) 23(11)

Monthly dose of ESA over one year, Ul, median (IQR)

Monthly dose of IV Iron ampoules (100 mg) over one year, mean +SD

Weekly dose of alfacalcidol, pg, median (IQR)

Calcium-based phosphate binder (CBB), n(%)

Non-calcium-based phosphate binder (NCBB), n(%)

Yearly number of interventions in ESA prescription, mean+SD

Median (IQR)

Yearly number of interventions in IV iron prescription, mean + SD

Median (IQR)

Yearly number of interventions in alfacalcidol prescription, median (IQR)

Yearly number of interventions in CBB prescription, median (IQR)

Yearly number of interventions in NCBB prescription, median (IQR)

Yearly number of interventions in any phosphate binder prescription, median (IQR)
Yearly number of interventions in cinacalcet prescription, median (IQR)

Yearly number of interventions in kayexalate prescription, median (IQR)

Yearly number of interventions in potassium dialysate prescription, median (IQR)
Yearly number of interventions in session duration prescription, median (IQR)
Yearly number of interventions in filter surface prescription, median (IQR)

21833.5 (14958.25, 40833.0)
1.15+1.07

10,2

172 (81.9)

94 (44.8)

4.63+262

5@3,7)

4.25+0.1

o

oc o —~o Qo N =N =

N
)

o o o oo — o o
S o oo oo oo o

of patients. Furthermore, the need for more frequent
interventions in those with a lower hemoglobin level at
a median of 11 g/d, higher ferritin levels at a median of
634 ng/mL and higher TSAT at a median of 28% suggests

a personalized approach in this category of patients. Our
study did not include C-Reactive Protein measurement
to assess infection or inflammation in these patients
with low hemoglobin and high ferritin; however, the high
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Table 2 Comparison of two groups of ESA interventions

With <5inter-  With >5inter-  P-value
ventions per ventions per
year for ESA year for ESA
n=120 n=90
Age, median (IQR) 72 (61,78) 72 (63,79.3) 0422*
Sex, M/F (%) 77/44 (64.2/35.8)  54/36 (60/40) 0.537**
Dialysis vintage 40 (25,72) 31(18,49.3) 0.011*
(months), Median
(IQR)
Diabetes, n(%) 54 (45) 45 (50) 0473%*
Hypertension, 116 (96.7) 85 (94.4) 0.502%**
n(%)
Smoking status, 50(41.7) 30(33.3) 0.218**
n(%)
CAD, n(%) 53 (44.2) 29 (326) 0.09%*
Cancer, n(%) 14(11.7) 14 (15.6) 0412
RAAS inhibitors 12 (10) 11(12.2) 0.61%*
intake, n(%)
Monthly dose of 223335 (10,250, 21,333 (1724938, 0.853*
ESA, Median (IQR) 45624.8) 37,500)
Monthly dose of  1.04+1.02 1.29+1.13 0.005%***
IV iron, Mean+SD
Yearly numberof 28+17 70411 <0.007%***
interventions in
ESA prescription
Mean+SD
Yearly number 37+27 50+21 <0.007 %
of interven-
tionsinIViron
prescription
Mean+SD
Hemoglobin over 11.5(10.9,11.9) 11.0(10.6,11.4) <0.001*
one year, Median
(IQR)
Ferritin overone  459.8+2609 633.8+£219.2 <0.007****
year, Mean+SD
TSAT over one 0.25(0.20,0.29)  0.28(0.22,0.35) 0.002%
year, Median (IQR)
Serum calcium 9.0£0.5 9.0+£04 0.770Q****
over one year,
Mean+SD
Serum phosphate 4.5+1.04 43+1.1 0.217%**x
over one year,
Mean+SD
PTH, over one 270.0 (166.8, 1754 (1014, 0.001*
year, Median (IQR) 509.0) 312.7)
URR over one 0.74+0.05 0.77+£0.05 0.002%***
year,
Mean+SD
Serum potassium 5.1 (4.8,5.6) 5.1(47,54) 0.215%

over one year,
Median (IQR)

*Mann Whitney test and **Chi Square test ***Fischer’s Exact test ****Independent t-test;

P-value < 0.05 is statistically significant

median TSAT level is not in favor of functional iron defi-
ciency and makes inflammation less plausible. Another
factor that was found associated with higher interven-
tions for ESA in our study is dialysis vintage. This may
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Table 3 Multivariate logistic regression analysis of factors
associated with a change in ESA prescription more than 5 times
per year

OR 95% Cl P-value
Dialysis vintage 0.99 0.99; 1.01 0.544
ESA dose 1.00 1.00; 1.00 0430
Iron dose 1.59 1.12;2.25 0.010
Number of changes in iron pre- 1.23 1.08; 1.41 0.003
scription per year
Hemoglobin level 091 0.62;1.32 0.608
Ferritin level 1.004 1.002;1.005 <0.001
TSAT percentage 0.98 0.75;1.26 0.855
PTH level 0.99 0.99; 1.00 0.048
URR percentage 1.06 0.99;1.14 0.113

Note. OR, odds ratio; 95%Cl, 95% Confidence Interval; TSAT, transferrin saturation; iron
dose in ampoules of 100 mg; dialysis vintage in months; p-value < 0.05 is statistically
significant. We included in this model all variables with P-value < 0.05 in the bivariate
analysis

result from the lower response to ESA when patients
have been on chronic dialysis for longer period of time.
This has been reported by Gaweda et al. who described
an increase in ESA dose prescription with the increase of
dialysis vintage from 4.6 to 7.3 years [10]. Regarding iron
prescription, our regression analyses’ results showed that
more interventions on IV iron were significantly asso-
ciated with older age and high number of ESA changes
but not associated with ferritin or TSAT levels. The fact
that IV iron prescription change exceeded the number of
ferritin dosage per year in our study shows that IV iron
prescription was driven as well by hemoglobin levels. It is
uncertain whether the iron parameters are needed three
times per year or less. To the best of our knowledge, this
has not been extensively studied. Very few studies tack-
led the number of blood tests needed per year to adapt
hemodialysis patients’ prescriptions. In 2018 and 2019,
two Canadian studies compared routine blood sampling
performed every 6 weeks instead of every 4 weeks. They
found that hemoglobin and CKD-MBD targets were
reached as recommended, and the 4-week testing was
not associated with lower risk of death neither cardio-
vascular events [2, 8]. In a small sample of 49 hemodialy-
sis patients from the United States, Gaweda et al. found
that measuring hemoglobin weekly compared to monthly
reduces the error of variability and may lead to a better
management of anemia [5]. However, they did not com-
pare more prolonged intervals of sampling.

ADPKD is the most common genetic cause of ESKD,
with 12.5 million cases worldwide [11, 12]. Usually,
ESKD patients suffer from anemia as a consequence of
decreased production of erythropoietin (EPO) by dam-
aged kidneys. However, this does not apply to ADPKD
[12]. Several studies showed a serum EPO level in
ADPKD twofold higher than in ESKD of other causes
along with higher hemoglobin and hematocrit values.
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Table 4 Comparison of two groups of IV iron interventions

With <4 interven- With >4inter- p-value
tions per yearand  ventions per
less for Iron year for Iron
n=110 n=100
Age, median 68 (61,78) 74 (65, 79.8) 0.021*
(IQR)
Sex, M/F (%) 72/38 (65.5/34.5) 59/41 (59/41) 0.335%*
Dialysis vintage 36 (25,67) 32.5(19,64.3) 0.234*
(months), me-
dian (IQR)
Diabetes, n(%) 53 (48.2) 46 (46) 0.752%*
Hypertension, 106 (96.4) 95 (95) 0.739%***
n(%)
Smoking status, 37 (33.6) 43 (43) 0.163**
n(%)
CAD, n(%) 50 (45.5) 32(32) 0.052**
Cancer, n(%) 18 (16.4) 10 (10) 0.175%*
Monthly dose 21,500 (14958.3, 22,000 (14658.8, 0.612*
of ESA, median  44750.3) 37,875)
(IQR)
Monthly dose 1.1+£1.04 12411 0.874%**
of IViron,
mean*SD
Yearly number  38+26 55+23 <0.007%**
of interven-
tions in ESA
prescription
Mean+SD
Yearly number 22+13 65+14 <0.007%**
of interven-
tionsinIViron
prescription
Mean+SD
Hemoglobin 11.3(108,11.9) 11.1(10.8,11.6) 0.039%
over one year,
median (IQR)
Ferritin over 508.2+287.5 561.9+220.1 0.134%**
one year,
Mean+SD
TSAT overone  0.25(0.21,0.30) 0.26 (0.21,0.32) 0423*
year, median
(IQR)
URR over one 0.75+0.05 0.76+0.05 0.316%***
year, mean +SD
Serum potas- 52(48,56) 5.1(46,54) 0.120*

sium over one
year, median
(IQR)

*Mann Whitney test, **Chi Square test, ***Independent t-test ****Fischer’s Exact test;

P-value < 0.05 is statistically significant

These findings were attributable to the production of
EPO by renal cysts [11, 13, 14]. Our results concur with
all these studies showing higher hemoglobin values in
ADPKD patients, less interventions and lower doses of
ESA. Shah et al. demonstrated that higher hemoglobin
reached in PKD patients was associated with a better sur-
vival with infrequent ESA administration in contrast to a
higher mortality with frequent ESA administration [11].
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Table 5 Multivariate logistic regression analysis of factors
associated with a change in IV iron prescription more than four
times per year

OR 95% ClI P-value
Age 1.03 1.003;1.05  0.027
Hemoglobin level 093 0.69; 1.24 0.632
Number of changes in ESA pre- 1.31 115,149  <0.001

scription per year
Note. OR, odds ratio; 95%Cl, 95% Confidence Interval; P-value<0.05 is statistically

significant. We included in this model all variables with P-value < 0.05 in the bivariate
analysis

Hence, ADPKD patients can be less frequently tested
for hemoglobin than with patients with ESKD of other
causes.

Interestingly, our study has shown a reduced need for
measurement of PTH, serum calcium and serum phos-
phate. The median number of interventions ranged
between 0 and 1 per year. Serum calcium in particular
has not shown to affect any of the changes in prescrip-
tion of alfacalcidol or phosphate binders in our sample
of chronic hemodialysis patients. Curiously, smokers in
our study needed more interventions with phosphate
binders; this finding is aligned with Santos et al. who
demonstrated higher phosphate levels in smokers [15].
In our study, higher levels of serum phosphate and PTH
were significantly associated with more frequent changes
in phosphate binders’ prescription but not exceeding six
times per year. We also found higher PTH levels in the
group of younger patients, which concurs well with the
study of Yu et al. [16]. Our findings suggest that reduc-
ing calcium, phosphate monitoring to every two or three
months and PTH to twice per year would be sufficient to
support the physician’s decision-making regarding CKD-
MBD targets in hemodialysis patients. It is noteworthy
that reaching a more stable PTH level within KDOQI
targets would need more frequent monthly measure-
ments as it was shown by Greenberg et al. [6]. How-
ever, Yokohama et al. demonstrated that there is only a
benefit from frequent monitoring when serum calcium,
phosphate and PTH exceed their targeted values [7]. It is
also important to mention that phosphate and PTH were
measured in the morning in approximately half of our
patients and in the afternoon in the other half. Several
studies have reported a circadian variation of these two
parameters [17, 18] but we did not compare the morning
and afternoon groups.

In chronic hemodialysis patients, dialysis adequacy is
usually assessed either by the URR or the Kt/V with a tar-
get of at least 65% and 1.2 respectively [19, 20]. A higher
dose of HD is an important indicator of clinical perfor-
mance and can lead to better survival as shown by Held
et al. [21]. In our study, the median of URR over one year
was within target, equal to 0.75 (0.72, 0.79) and no signif-
icant yearly change was noted for the session duration or
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Table 6 Comparison of two groups of phosphate binders’
interventions

With <1 interven-
tions per year for
phosphate binders
n=133

72 (62, 80)

With > 1 interven- P-value
tions per year for

phosphate binders

n=77

70(62,77)

Age, me- 0.284*
dian (IQR)
Sex, M/F
(%)
Dialysis
vintage
(months),
median
(IQR)
Diabetes,
n(%)
Hyperten-
sion, n(%)
Smoking
status,
n(%)

CAD, n(%)
Cancer,
n(%)
Yearly
number of
interven-
tions in
alfacalcidol
prescrip-
tion,
median
(IQR)
Hemoglo-
bin over
one year,
median
(IQR)

PTH over
one year,
median
(IQR)
Serum cal-
cium over
one year,
Mean+SD
Serum
phosphate
over one
year,
Mean+SD
URR over
one year,
Mean+SD

*Mann Whitney test and **Chi Square test ***Fischer’s Exact test ****Independent t-test;
P-value < 0.05 is statistically significant

86/47 (64.7/35.3) 45/32 (58.4/41.6) 0.370**

38 (25,67) 31(175,53.5) 0.031*

59 (44.4) 40(51.9) 0.289%*

125(94.9) 76 (98.7) 0.159%

43(323) 37 (48.1) 0.024**

57 (42.9)
17(12.8) 11(14.3)

0.156"*
0.757**

0.021*

11.1 (106, 11.7) 114(109,11.8) 0.021*

211.6(97.5,374.9) 2780 (1745, 463.2) 0.007*

9.02+043 8.99+0.57 0.87 1

429+1.13 459+0.95 0.045%***

0.76+0.05 0.75+0.05 0.0997x**

the filter surface. According to the European Best Prac-
tice Guidelines (EBPG) as well as the National Kidney
Foundation/Kidney Disease Outcomes Quality Initiative
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Table 7 Multivariate logistic regression analysis of factors
associated with a change in phosphate binders more than once
per year

OR 95%Cl P-

value
Dialysis vintage 0.99 0.99; 0426
1.01
Smoking status 2.10 1.15; 0.017
3.86
Yearly number of interventions in alfacal- 1.49 1.08; 0.015
cidol prescription 2.06
Hemoglobin level 1.29 0.99; 0.057
1.69
PTH level 1.001 1.000;  0.199
1.002
Serum phosphate 1.18 0.88; 0.273
1.59

Note. OR, odds ratio; 95%Cl, 95% Confidence Interval; P-value<0.05 is statistically
significant. We included in this model all variables with p value <0.05 in the bivariate
analysis

(NFK/DOQI), the dose of hemodialysis should be mea-
sured at least monthly [22, 23]. Nonetheless, Couchoud
et al. found that 40% of dialysis units were checking
urea removal less frequently than once per month [20].
We suggest to reduce the measurement of URR to 3 or
4 times per year with a personalized approach to critical
patients.

Our study showed very few changes in chronic pre-
scription of potassium dialysate or kayexalate. We found
that 6% of our sample had an average serum potassium
over one year above 6 meq/L. This is very close to the
literature where hyperkalemia was estimated at 10% in
hemodialysis patients [24]. Potassium control in CKD
patients is essential since hyperkalemia is associated
with the risk of cardiac arrhythmias and sudden car-
diac death [25]. It is well-known as well that hyperkale-
mia in hemodialysis mainly results from high potassium
diet [26]. Therefore, the most common intervention fol-
lowing hyperkalemia is promoting awareness about the
patient’s potassium intake. This kind of intervention was
not included in our data collection. Therefore, we suggest
monitoring serum potassium every two months in hemo-
dialysis patients except in cases of frequent hyperkalemia
where monthly monitoring is preferred.

This study has several strengths. To the best of our
knowledge, it is the first study in Lebanon and one of
the rare studies worldwide evaluating the frequency of
laboratory testing in patients on chronic hemodialysis.
In addition, patients with different characteristics were
evaluated. A prolonged interval of laboratory monitor-
ing could decrease healthcare costs especially in low-
income countries. The major limitation of our study is
the retrospective design that confines conclusions to
data collected. Data on dietary counseling would have
been important when assessing interventions towards
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Table 8 Comparison of two groups of alfacalcidol interventions

With no interven-  With =1 interven- P-value
tions per year for  tions per year for
Alfacalcidol Alfacalcidol
n=121 n=89
Age, median 74 (64.5,81) 67 (60.5, 75) <0.001*
(IQR)
Sex, M/F (%) 80/41 (66.1/33.9) 51/38(57.3/42.7) 0.193**
Dialysis vin- 34 (20, 66) 35(21,62) 0.880*
tage, median
(IQR)
Diabetes, n(%) 61 (50.4) 38(42.7) 0.268**
Hypertension, 116 (95.9) 85 (95.5) 0.999***
n(%)
Smoking 47 (38.8) 33(37.1) 0.795**
status, n(%)
CAD, n(%) 46 (38) 36 (40.9) 0.672**
Cancer, n(%) 15(124) 13 (14.6) 0.642**
Yearly number 1(0,2) 1(0,3) 0.199*
of interven-
tions in phos-
phate binders’
prescription,
median (IQR)
Hb over one 11.3(10.7,11.8) 11.3(10.8,11.6) 0.881*
year, median
(IQR)
PTH overone 207.6(99.8,299.2) 3385(171.0,555.7)  <0.001*
year, median
(IQR)
Serum calcium 9.02+0.49 899+048 0.678****
over one year,
Mean+SD
Serum 435+108 448+108 0.362%%**
phosphate
over one year,
Mean+SD
URR over 0.76+0.05 0.75+0.05 0.070****
one year,
Mean+SD

*Mann Whitney test and **Chi Square test ***Fischer’s Exact test ****Independent t-test;
P-value < 0.05 is statistically significant

phosphate and potassium levels and this needs to be
addressed in future prospective studies. The lack of data
on acute supplemental sessions, transfusions and acute
blood tests drawn on top of routine laboratory tests pre-
vents us from drawing conclusions about the total num-
ber of tests per year; however, the aim of our study was to
evaluate the frequency of chronic routine testing and not
the tests taken in acute settings.

Conclusion

In conclusion, the median of interventions per year based
on routine laboratory testing did not exceed 6 times for
all parameters in this study. This suggests that the routine
testing in CKD stage 5D patients can be reduced without
any impact on the quality of care. Based on these find-
ings, we suggest a testing for hemoglobin, serum calcium
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and phosphate every two months and for URR and PTH
twice a year. A more specific patient-related approach
remains safe and could minimize laboratory costs espe-
cially in low-resource settings. Prospective and larger
studies are required to determine the best interval of
testing in chronic hemodialysis patients on a global scale.
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CKD chronic kidney disease
CKD-MBD chronic kidney disease-mineral bone disorder.

KDIGO Kidney Disease:lmproving Global Outcomes.
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PTH parathyroid hormone.

ESA erythropoietin stimulating agent.
IViron intravenous iron.
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