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Effects of dosage and duration of enalapril usage on

hematocrit levels in hemodialysis patients
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Objective . To study the effect of enalapril on the hematocrit (Hct) levels of hemodialysis
(HD) patients.
Method _ A retrospective, before-after taking/stop taking enalapril crossover design

was carried out in HD patients from the Kidney Foundation of Thailand,
Bangkok. Hct levels were evaluated after the patients had taken enalapril
for 4, 8 and 12 months.
Resuit _ A total of 57 patients were recruited into the study. The administration of
. 10 mg/day dosage of enalapril showed higher effect on the decrement of
Hct levels as compared to the 2.5 - 5.0 mg/day dosage of enalapril
(p = 0.023). The decrements in Hct level at 8 and 12 months were not
significantly higher than that of the first four months.
Conclusion  Enalapril significantly caused decrement in Hct level of HD patient especially
. -at the first four months after taking. Duration of enalapril usage showed no

effect.
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Anemia is a common problem in patients with
kidney diseases. Introduction of recombinant human
erythropoietin (rHUEpo) into the clinical practice has
been a very important development in the
management of anemia, a consistent clinical feature
of end-stage renal disease (ESRD). " However, the
required dose of erythropoietin (Epo) to correct anemia
does vary among patients. Some can be unresponsive
in spite of very high dose received. The common
causes for inadequate response to Epo are iron
deficiency, infection and inflammation, osteitis fibrosa,
aluminium toxicity, folate or vitamin B12 deficiency,
inadequate dialysis and malnutrition. Nevertheless,
the reason for incomplete response to Epo is not
completely clear, as some patients lacking these
factors can also be unresponsive to Epo. ?

Several studies had investigated the effects
of angiotensin - converting enzyme inhibitors (ACE
inhibitors) on Epo responsiveness, controversial results
have been reported. Some studies reported that ACE
inhibitors increased Epo maintenance doses in

3% 6n the contrary, other

hemodialysis (HD) patients;
studies showed that ACE inhibitors therapy did not
appear to affect the response to Epo in chronic HD
patients. "°" Different doses of ACE inhibitors and
Epo were used in different studies. Some administered
high dose of ACE inhibitors while some used low dose
of ACE inhibitors. Besides, most of the studies, the
comparisons were performed between patients of
different groups (patients with Epo alone in one group
and patients with Epo plus ACE inhibitors in another
group) which had different baseline conditions.
Furthermore, no study that concentrated on the effects

of dosage and duration of using ACE inhibitors on

hematocrit (Hct) levels and/or on the erythropoietin
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dosage requirements has been reported.

This retrospective study was therefore
designed to evaluate the effect of enalapril, its dosage
and duration of its use on the Hct levels of HD patients
using a when not taking/ when taking crossover
design. The Hct levels of patients between when they
were on enalapril and when they were not on enalpril
for 4, 8 and 12 months were compared based on the
conditions of receiving stable dosages of erythropoietin
and enalapril with no supplement of iron or packed

red cells throughout the observation period.

Patients and Methods

Patients with chronic kidney disease from the
Hemodialysis Unit, the Kidney Foundation of Thailand
at Galyanivadhana Building, the Priests’ Hospital who
were at least 20 years old, had been on maintenance
hemodialysis for at least one year, had been treated
with enalapril for at least four months, during July 1997
to June 2005, were recruited into this study. The period
of four months was set in order to account for the life
cycle of red blood cells and to ensure the steady state
conditions. The dosage of enalapril was determined
by the primary nephrologist based on the condition of
the patient, optimum dosage of 5, 10, 20 or 40 mg/
day were given in order to achieve the optimal blood
pressure control. The subject were recruited into the
study to find out whether or not Epo was administered
as long as the same dosage regimen was maintained
throughout the observation period which required at
least eight months (four months when not taking
enalapril and four months while taking enalapril). The
seqguence of comparison at first period, there were 48
patients who were in a group of not taking enalapri and 9

patients who were in a group of taking enalaprit. Moreover,
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there was no evidence shown in the patient’s profiles of
why they stopped using enalapril in 9 patients after
continue receiving for 4 months. Patients who were
intolerant to enalapril and required to be treated with
packed red cells or parenteral iron supplement dosage
adjustment of erythropoietin and/or enalapril had to
be continued within the 4 months period, were
excluded.

The Hct levels of the patients when not taking
enalapril and after using enalapril for 4 months, 8
months and 12 months periods were observed
continuously as long as their Epo and/or enalapril
dosages were not changed and packed red cells or

iron supplement was not administered.

Study design

The protocol of this study was approved by
Rajavithi hospital ethical committee.

A retrospective crossover design was used.
The observation period could either be started at the
time when the patient was or was not treated with
enalapril. If the observation time was started at the
point while the patient was administered with enalapril,
s/he should remain on the same dosage regimen of
enalapril for at least four months before stopped
taking enalapril or switched to another group of
antihypertensive agent and should remain without ACE
inhibitors for at least four months. Patient whose
starting point was at the time while s/he was not
consuming enalapril should be without enalapril for at
least four months before started taking enalapril and
remained on the same dosage regimen of enalapril
for 4, 8 or 12 months. Therefore, the patients hereby

serve as their own controls.
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Hct level at the starting point was recorded
and continually observed and recorded every week
throughout the 4 or 8 or 12 months periods. Patients
who had too many missing data were excluded from
the study.

Several laboratory blood values when the
patients were not on enalapril and when they were on
enalapril for four months were recorded and compared:
blood urea nitrogen (BUN), creatinine, uric acid,
sodium, potassium, chloride, bicarbonate, calcium,
phosphate, albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), intact
parathyroid hormone (iPTH), ferritin, total iron-binding

capacity (TIBC) and iron.

Statistical methods

The demographic data of all patients
were presented as descriptive statistics, such as
percentage, mean * SD. Laboratory data of all patients
when not taking enalapril and when taking enalapril
for four months were compared using the paired
t-test. The percentages of Change in Hct levels
between patients who were taking different doses
(<5, 10, 20 and 40 mg/day) of enalapril were
compared using the independent t-test and ANOVA
analysis. Hct levels when the patients were not on
enalapril and when they were on enalapiril for 4, 8 and

12 months were compared using the paired t-test.

Results

A total of 57 patients, who met the criteria
and all the required data could be observed and
recorded for at least four months after enalapril had
been administered, were recruited into the study. Their

demographic data are shown in table 1.
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Table 1. Demographic data of the patients.
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Demographic data

Number of patients

N = 57(%)
Total patients 57
Sex (100%)
Male 35 (61.4%)
Female 22 (38.6%)

Mean age (yrs)

Mean dry weight (kg)

Mean height (cm) =

Duration of hemodialysis (yrs)

Frequency of dialysis (times/wk)

Causes of chronic kidney disease

Glomerulonephritis : Biopsy-proven
- Focal Segmental Glomerulonephritis
- IgA Nephropathy
- Mesangial proliferative IgM Nephropathy
- Crecentric Glomerulonephritis (RPGN)
Glomerulonephritis : Presumed (no biopsy)
Diabetic Nephropathy
Hypertension
Cystic Kidney Disease
Obstructive Nephropathy, CTIN
Lupus Nephritis
Allograft Dysfunction
Unknown
No data

Comorbid condition

Chronic Heart Failure (CHF)
Hypertension (HTN)
Acute Myocardial Infarction (AMI) or Unstable Angina (UA) and

HTN

CHF and HTN

HTN and DM

AMI or UA and CHF and HTN

AMI or UA and HTN and DM

AM!I or UA and CHF and HTN and DM
None

No data

41.36 £ 11.28 (range; 22 - 63)

52.48 + 11.04 (range; 33.50 - 95.00)
159.71 %+ 8.38 (range; 145 - 195)
4.91 % 3.35 (range; 1-15)

2.53 £0.50 (range; 2 - 3)

1(1.8%)
1(1.8%)

2 (3.5%)
1(1.8%)
20 (35.1%)
5(8.8%)

9 (15.8%)
1(1.8%)

4 (7.0%)
1(1.8%)
1(1.8%)
10 (17.5%)
1(1.8%)

1(1.8%)
33 (567.9%)
3(5.3%)

7(12.3%)
1(1.8%)
1(1.8%)
2 (3.5%)
2 (3.5%)
2(3.5%)
5 (8.8%)
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There were no significant changes with regard
to the laboratory data except for serum potassium
(p = 0.037) as shown in table 2. The serum potassium
increased after the patients had taken enalapril for
four months.

The results indicate that Hct levels were
significantly lower when taking enalapril (p < 0.001),
as shown in table 3. The decrementin Hct levels was
more prominent among the patients who were not

treated with Epo (p = 0.064).

Table 2. Laboratory data of the patients.
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The dosage of enalapril was categorized into
4 groups, i.e., 2.5 - 5 mg/day, 10 mg/day, 20 mg/day
and 40 mg/day. Only the dosage of 10 mg/day showed
significantly higher effect on the decrement in Hct
levels when compared to the dosage of 2.5 - 5 mg/
day (p = 0.023). However, no other dosages showed
any significant difference in the effect on the
percentage of decrement in Hct levels from one

another. The results are shown in table 4.

Serum chemistry N Without enalapril N After taking enalapril for P-value’
4 months
Mean 1 SD range Mean + SD range

BUN 55  63.19%20.22 30-127 48 63.86 £ 16.79 38 -107 0.398
Creatinine 57 11.61% 3.60 5.60-24.20 55 10.84 £2.58 54-18.58 0.107
Uric acid 50 7.32%+ 204 2.90-11.70 49 7.441£179 43-114 0.890
Sodium 57 140.71t 299 132 - 148 57 139.96 + 3.24 132 - 148 0.113
Potassium 57 4.56% 0.65 3.2-6.2 57 4.80%0.74 3.28-6.7 0.037
Chloride 57 100.89t 3.57 91.80 - 109 56 101.22 £ 4.62 93-119 0.507
Bicarbonate 57 23.87 £4.98 25-3 57 24.0913.43 15-33 0.781
Calcium 56 9551+ 143 2.64-13.30 55 9.45+1.86 24-144 0.750
Phosphate 57 491X 1.78 1.43-11 55 492+1.93 0.66-9.2 0.961
Albumin 50 4.19% 0.39 33-54 52 410%0.37 28-47 0.078
SGOT (AST) 16 19.63* 12.01 9-45 21 18.95 & 12.59 4-58 o
SGPT (ALT) 16 18.441 14.44 6 - 50 21 20.09 +24.90 5-125 **
Parathyroid hormone 26 304.39 = 317.41 5.58 - 1361 26 475.611£397.08 30.7-1305 0.660
Serum Ferritin 9 634.80 + 329.44 140.5-1058 12 640.92 +549.10 82.1-1610 **
TIBC 7 169.751 106.46  25.08 - 271 9 255.01 £ 97.54 39 - 346 **
Serum Iron 6 68.67 £ 16.97 49 -92 8 86.63 £ 37.96 13-130 b

* Comparison of laboratory data before and after taking enalapril.

** Number of subjects whose data could be recorded (N) was too small for valid statistical calculation.
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Table 3. Effects of enalapril on Hct levels.

aRvasEUIALILaLITERIA T IASUENBuR WS asassRuBanlanin Tué’ﬂuuﬁ‘lﬁ%’u 113
nsWanidanslziAIae laiian

Total patients N Hct levels % (mean 1 SD) Percentage of P-value
Not taking enaiapril Take enalapril changes (mean I SD)
Total 57 30.11 £5.96 27.16 1+ 5.88 -9.67 +9.61 < 0.001
Patients without 30 29.331+7.23 25.77 £ 6.86 -11.90 £ 10.87 < 0.001
erythropoietin
Patients with 27 30.96 £ 4.10 28.70 £ 4.17 -7.191743 < 0.001
Erythropoietin
P - value 0.307 0.059 P =0.064
Table 4. Effects of different dosages of enalapril on Hct levels.
Dose of N Hct levels % (mean+SD) Percentage of p-value
enalapril (57) Not taking take enalapril change
enalapril (mean + SD)
2.5-5 mg/day 25 29.96 + 5.54 27.721+5.09 -7.22+7.30 < 0.001
10 mg/day 13 28.54 £ 524 24311592 -14.87 £ 12.63 0.002
20 mg/day 12 3133t 6.77 28.08 +6.26 -9.85 £10.73 0.008
40 mg/day 7 31.43% 7.70 28.86 £ 7.31 -8.41+5.86 0.007
ANOVA analysis 0.229
2.5 - 5 mg/day 10 mg/day 20 mg/day 40 mg/day
2.5 -5 mg/day - P =0.023 P =0.387 P=0.697
10 mg/day - - P =0.298 P =0.221
20 mg/day - - - P=0.749
40 mg/day - - - -

To study the effect of duration of enalapril
usage on Hct levels, the Hct levels of the same patient
at 4 months, 8 months and 12 months after taking
enalapril were observed and compared. Of the 57
patients recruited into the study, there were only 23
patients who were continually receiving constant dose
of enalapril, constant dose of Epo (including those
who did not take any Epo) without requirement for

any packed red cells or iron supplement throughout 8

months after enalapril had been given. Among these,
only 13 patients who continued on the aforementioned
conditions throughout 12 months after enalapril were
taken. The Hct levels of these patients were therefore
continually observed and recorded for 8 months and
12 months after taking enalapril, respectively. The
results showed that Hct levels were significantly
decreasing at the first four months after taking enalapril,

the decrement in Hct level was slightly further but not



114

A29TAA WUNTU W BY6YT UATAME

Chula Med J

32.00
31.00 -
30.23+6.21
30.00 A
b3
D9 26+5.19 P=0.001
e —a, 28 69+5.47
g 29.00 - : 577
3 . 28.1545.
27.46+5.03
28.00 P<0.001 -
. P=0.158
. P=0.6%4
2700 1 26.91+5.09 )
=T e 26.2644.66
P=0512 =
26.00 . . - -
0 4 8 12
Duratien of taking enalagril (menths)

Total patients, n =13

. Total patients, n = 23

Figure 1. The effect of duration of taking enalapril on Hct levels.

statistically significant at the second four months (eight
months) after taking enalapril. Then, the Hct levels
seem to be stable or even slightly adjusting up at the
third four months (12 months) after taking enalapril,
as shown in figure 1.

The influence of sex, age, duration of
hemodialysis, frequency of hemodialysis and baseline
Hct levels on the effect of enalapril on Hct levels were
also evaluated. No significant influence of any of these

factors could be observed.

Discussion
The results from this retrospective crossover
design study indicate that the use of enalapril, an

angiotensin-converting enzyme inhibitor (ACEI), in

hemodialysis patients significantly decreased Hct
levels as compared to the time when they did not use
enalapril. ACEI is a strong inhibitor of angiotensin
Il production while angiotensin il is needed for
erythropoietin formulation, then, in turn decreasing
red cells production. ¥ The Hct levels decreased
significantly after consuming enalapril for four months
as compared to the level observed during the four
months before enalapril was started. As for those
who were taking enalapril for at least four months at
the beginning of the observation point; then, enalapril
was stopped. After enalapril was withdrawn for four
months, the Hct levels increased significantly. There
results imply that the inhibition of angiotensin Il

production caused by enalapril was reversible and
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temporary. Once the drug was been removed, the
effect discontinued. These results are similar to those
reported by Erturk et al. who found that withdrawal of
ACEI from hypertensive chronic hemodialysis patients
who were also receiving erythropoietin resulted in
increasing in Het levels. @

Higher dosage of enalapril showed
significantly higher effect on the decrement in Hct
levels only when compared between the groups of
patients who consumed 2.5 - 5 mg/day to those who
consumed 10 mg/day. As for the group who consumed
20 mg/day or 40 mg/day of enalapril, although the
percentages of decrement were slightly higher than
those obtained from patients who consumed 2.5 - 5
mg/day, these differences were not statistically
significant at a = 0.05 and the mean percentages of
decrement in Hct levels were not higher than those
caused by 10 mg/day of enalapril. This might imply
that the effect caused by enalapril had some limitation
or could become saturated.

On the other hand, several confounding
factors might involve since the values compared in
this part of the study were from patients of different
groups, their conditions could be different. For
example, the baseline Hct levels of the patients who
received 40 mg/day of enalapril were higher than those
of the patients who received lower doses of enalapril.
Although the dosage of Epo in the same patient was
kept constant throughout the study period, but the
dosage of Epo in different groups of patients could
be different. Several factors''™® that might influence
the results such as serum parathyroid hormone and
serum ferritin were not monitored and recorded. As
this is a retrospective study, these recommended

data were missing. Besides, the number of patients

HAYBITWIALIUAZIEEZIATT IS UL UA NS asasTAUTH AR ‘lug"ﬂmﬂn"ﬁ'v 15
nsvaniiamsuiasaslafion

recruited in each dosage group, especially the higher
dosages, i.e., 20 mg/day and 40 mg/day, were oo
small to ensure a definitive conclusion. These might
not cause much influence if the study was a crossover
design as in the other parts of this study. However,
for a parallel design, these factors might be relevant.

The results the from 13 patients, who continued
on the same dose of enalapril and erythropoietin
throughout the 12 - month period with no supplement
of packed red cells or iron, indicated that enalapril
caused significant decrement in Hct level during the
first four months after starting énalapril. But it did not
significantly decrease the Hct level was observed in
the second four months (eight months) after taking
enalapril. However, at the 12" month, the effect of
enalapril on erythropoietin formation might reach its
maximum or become saturated, biological substances
of the patients might be able to regulate or
compensate the erythropoietin formation process
might thus slightly reverse back. This might be one
of the reasons for controversial results reported by
several previous studies. There were only 13 patients
out of the 57 patients enrolled in the study who could
continue on the same dosage of enalapril and Epo
(including those who were not treated with Epo)
throughout 12 months without any requirement for
packed red cells or iron supplement. This was not
surprising since enalapril caused decrement in Hct
levels, increased the condition of anemia which is the
common problem in chronic hemodialysis patients.
The main reasons for dropped out in the later months
were requirement for increment in the dosage of Epo,
required treatment with packed red cells or iron in some
patients, the dosage of enalapril was required to be

changed or stopped taking enalapril (changed to other
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hypertensive drug). Patients, who were also taking
Epo, dropped out at the later months mainly due to
change in the dosage of enalapril while patients, who
were not taking Epo dropped out at the later months
mainly due to requirement for Epo or packed red cells.

This study, nevertheless, has several
favorable points. Forinstance, the number of subjects
recruited into this study was higher than most previous
ones; the monitoring time was longer; the study
design was mostly a crossover pattern; the patients
could then become their own controlled which could
eliminate several confounding factors. This study
compared the effects of enalapril in patients who were
and were not treated with erythropoietin. Since
erythropoietin is a strong confounding factor of Hct
level, the effect of enalapril could then be clearly
concluded especially in patients who were not treated
with erythropoietin. In addition, this study also
categorized patients according to enalapril dosages
and monitored them on the constant conditions for a
12-month period. These parts of information had never
been reported.

The present study had also several
limitations. First, this study was a retrospective
study, some required data were not recorded or were
missing. Second, enalapril might not be the only
factor that caused decreasing in Hct levels since
several other confounding factors, such as, the
process of hemodialysis itself, serum parathyroid
hormone, serum ferritin that often were monitored and
controlled in most studies had not been recorded
and controlled in our study. Third, the effect of
erythropoietin and packed red cells might be
prolonged for more than 4 months and thus could

interfere the results. Fourth, the numbers of patients
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recruited were too small especially for the paraliel
design part of the study which categorized into
different subgroups with different dosages of enalapril

and/or erythropoietin.

Conclusion

In conclusion, enalapril caused significantly
decrement in the hematocrit levels of hemodialysis
patient especially during the first four months after
starting the drug. This result could be more apparent
among the patients who were not treated with
erythropoietin. Higher dosage of enalapril or longer
duration of enalapril usage did not show any further
extent of this effect significantly. Further studies using
prospective design in higher number of patients and
better controls of all the confounding factors are hereby
suggested before any definite conclusion could be

made.
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