Wﬁsll?NGllu1ﬂﬂ1!!ﬁ$5383!3@1ﬁ1€f§ﬂﬂ15“1ﬁ1ﬂ%ﬁ

U v a FZA d' Yo A Y d' =
apszavdinlansniugihenlasumsweniaeanleniedlamean

HNEI AIANT SAUIUM

3ﬂﬂ1ﬁwuﬁfzsﬂud’mw§wmmsﬁmsnmuﬂé’nqmm&"vmamumﬁmﬂﬂ
MUV UNTYNITUAAUN MAIFUNTTNITN
AZIATTAENT YIWIAINTANWNIINEAE
Umsfnm 2548
ISBN 974-17-3685-1

dvanivesgwiasnsainmiIneas



EFFECTS OF ENALAPRIL DOSAGES AND DURATION

ON HEMATOCRIT LEVELS IN HEMODIALYSIS PATIENTS

Miss Srisamorn Rattanajinda

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Pharmacy Program in Clinical Pharmacy
Department of Pharmacy
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2005

ISBN 974-17-3685-1



Thesis Title EFFECTS OF ENALAPRIL DOSAGES AND DURATION ON

HEMATOCRIT LEVELS IN HEMODIALYSIS PATIENTS

By Miss Srisamom Rattanajinda
Field of study Clinical Pharmacy
Thesis Advisor Associate Professor Duangchit Panomvana Na Ayudhya, Ph.D.

Thesis Co-advisor ~ Boonthum Jirajan, M.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkom University

in Partial Fulfillment of the Requirements for the Master’s Degree

(Assocint; Professor Pornpen Pramyotin, Ph.D.)

THESIS COMMITTEE

........................................................ esis Advisor

(Associate Professor Duangchit Panomvana Na Ayudhya, Ph.D.)

.~ | 297 Thesis Co-Advisor
(Mr. Boonthum Jirajan, M.D.)

(Assistant Professor Pornanong Aramwit, Ph.D.)



v

fious  Tausum: mavesvnanuaIzrzna AU B mamiadesedusinTnnin

gt 185umsenidieadaunioslaiion (EFFECTS OF ENALAPRIL DOSAGES

AND DURATION ON HEMATOCRIT LEVELS IN HEMODIALYSIS PATIENTS)
o' = w PERT ]

2115 0MUTN: 37, A3, A2aTA WSy o pYEY, 0191TONUTAVITIN: W, YOyB55H

§528uns: 117 w1, ISBN 974-17-3685-1

mﬁﬁ‘m‘fii’nqﬂs:ﬂqﬂl‘ﬁnﬁnmnmmu‘uﬁu‘mm?n HAYBMINAMBWIASA LA sEozAT
fiheldtuntuwemda AddeszdudinTanin TudieTsalanedoieilldiumsvendentaundasln
oy itudumsituuudoundsludilbei @ unslendentanniosladion 57 510 Taeuengy
dihaihy 2 njutes nquessil | diheinnu 48 swlineldiundnaminnden udldundn
amda Wunannueiinton 4 @Wou vafinguiesii 2 f1uiu 9 10 weldFumBuamIaindeulittes
4 iden udmoanBamia dunaniu 4 deu WudoyaszAudunTaninueadile iWedilaldsy
sdwanSaaademuihunnim 4, 8 uaz 12 dfou AloiidndenddmsiteR 1853 TosTndau
(sawdadlani 1 1 uenT Tns TnaAus o) sedoaldiumis o ndiu nozedruamialuvnanad
*fiowdhgms3tu uoznanaszezanfiannuiiudeys
T pamaiSonuidilendudo 1 SssduBinTaninanasadniiviodWgmanda (nn 29.85:6.05%
@ 26.7945.99%, p<0.001) Ivairfidisendudendl 2 sz Tandmivduetaihluhfomanaa
(9N 29.I|1¢5.1|% Tt 31.4445.50%, p-0.025) YovazuetssAuBinTnndnfianaasiulAdanuiiuly
Allau W13 503 Tos IndAusandan (-11.90£10.87% uay -7.1947.43%, p=0.064) woneniifamyin
e Wrutnamdaluswanihiunde gand 10 Sodnfuretu SseduBinTaninanaanandfiae
Wiumtwamialunnadind (p-0.000) ifthodtes 13 5w lduBuamda waz83TssTndAuly
vwansfinnenszozaamme 12 Wew srAvdn Inninvosfihoaansesnihiuchiy dleldiundun
amGaduinm 4 @eunsn (910 30232621% iy 28.1525.77%, p=0.001) MMiuszALTINIAATNEY
annalU8nidnifoslu 4 ot 2 (fewdl 8) wolls 4 foudl 3 (foufl 12) sedudinTanIneziFunaiinde
nduiutwdntos w01 avesnmildTumienidendavnios o A 1dsumsvenidon
Fundodlmiion. nasasuszdudmlanindutudou ¥ivoiduomia lifSnEnoronamsansiviin
TaninfliAannnBuiamia

mdmamia  nneeBwmwia uarssezaa AT ueBmamin . inodeszAusin Ianinlu

Eﬂ'll'ﬂiﬂ'[1n'lﬂTluliuf#ii'1ﬁi‘uﬂ‘tiﬂnmﬂﬂﬂﬁ‘mlﬂ?nﬂmﬁ o~ Tammwizedabeludilaoi bilATuens

31o3 InwdAus A

ﬁ
P LT 1. . 1 C T VR muﬂa«i‘nﬁﬂn‘gﬂ“r‘h‘ﬂqm
rrwﬁn..............,....,.mﬁsn:mnﬁﬁﬁ,......,.,..,.,,.,.....muﬁn%mwﬁﬁ'ﬂ?nm..____. e

ST e 2548 6fleSE0I0S IR AN |




# # 45766606533: MAJOR CLINICAL PHARMACY

KEYWORD: ENALAPRIL/DOSAGES AND DURATION/HEMATOCRIT/HEMODIALYSIS
SRISAMORN RATTANAJINDA: EFFECTS OF ENALAPRIL DOSAGES AND
DURATION ON HEMATOCRIT LEVELS IN HEMODIALYSIS PATIENTS. THESIS
ADVISOR: ASS0C. PROF. DUANGCHIT PANOMVANA NA AYUDHYA, Ph. D. THESIS
CO-ADVISOR: Mr. BOONTHUM JIRAJAN, M.D. 117 PP. ISBN 974-17-3685-1

The effect of enalapril, enalapril dosages and duration of taking enalapril on hematocrit levels
in hemodialysis patients were studied. The retrospective, before-after taking/stop taking enalapril
crossover designs were carried in 57 hemodialysis patients. They were divided into two subgroups, 48 of
them (subgroup I} were not taken enalapril and Iﬂwn taken enalapril for at least 4 months, while the rest
of them (subgroup 1I) were taken enalapril at least 4 months and then stop taking enalapril for 4 months.
Hematocrit levels wore evaluated after patients had taken enalapril for 4, 8 and 12 months. The patients
recruited and continue monitoring must on stable dose of erythropoietin (including those who did not
;'meive erythropoietin) and stable dose of enalapril.
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hemodialysis patients, especially the patients who were not treated with erythropoietin,
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CHAPTERI

INTRODUCTION

Anemia is a common problem in patients with kidney disease. Introduction of
recombinant human erythropoietin (rHuEpo) into clinical practice has been a very
important improvement for the management of anemia, a consistent clinical feature of
end-stage renal disease (ESRD) [1]. However, the dose of erythropoietin required to
correct anemia varies among the patients, and some can be unresponsive in spite of
applying very high doses. The common causes for inadequate response to
erythropoietin are iron deficiency, infection and inflammation, osteitis fibrosa,
aluminium toxicity, folate or vitamin B,, deficiency, inadequate dialysis, and
malnutrition. Nevertheless, the reason for incomplete response to erythropoietin is not
completely clear, as some patients lacking theses factors can also be unresponsive to
erythropoietin [2]. There were many studies investigated that angiotensin-converting
enzyme inhibitors (ACE inhibitors) is the one factor that have the effect of
erythropoietin responsiveness.

Enalapril maleate, a non-sulph-hydryl angiotensin-converting enzyme inhibitor,
is a pro-drug whose pharmacological activity is dependent on its de-esterification in
the liver to its active diacid metabolite, enalaprilat. Enalaprilat excretion occurs
primarily via the urine and secondarily via the bile. The mean peak serum
concentrations of enalapril and enalaprilat are greater and delayed in patients with
chronic renal insufficiency. Steady-state enalaprilat serum levels are not achieved in
hemodialysis (HD) patients because HD effectively reduces enalaprilat serum levels
with a dialysis clearance of enalaprilat amounting to more than 50 ml/min. A strong
link exists between enalapril serum levels and ACE inhibition, but not with the

hemodynamic effects. Thus the optimum dosage of enalapril has not been determined.



However, 2.5 mg/day, 5 mg/day, or 5-40 mg/day of enalapril were successfully used to
reduce blood pressure in HD patients without significant untoward events. ACE
inhibitors are widely used in the treatment of hypertension, left ventricular
dysfunction, diabetic nephropathy, and renal post-transplant erythrocytosis, and in
preventing the progression of established renal disease of diverse causes [1].

In 1999, Macdougall IC described several possible mechanisms of ACE
inhibitors that effects to the significant falling Hct level in patients stable on
erythropoietin. (i) There is some evidence that angiotensin II can stimulate erythroid
progenitor cell growth in vitro, and that captopril can inhibit this. (ii) A natural stem
cell regulator called Ac-SDKP (N-acetyl-seryl-aspartyl-lysyl-proline) has been
identified recently which inhibits the recruitment of pluripotent haemopoietic stem
cells and normal early progenitors into the S-phase. ACE inhibitors have been found to
increase plasma levels of Ac-SDKP markedly, and hence inhibit erythroid growth. (iii)
A recent study by Morrone er al. has also suggested that insulin-like growth factor-1
(IGF-1) plays a role in the ACE inhibitor related decrease in Hct in patients with
transplant polycythaemia. Serum erythropoietin and IGF-1 levels were significantly
higher in patients with this condition than in a control group without transplant
polycythaemia. ACE inhibitors significantly reduced Hct, IGF-1 and erythropoietin
levels, and a direct relationship was found between Hct and serum IGF-1 levels, but
not between Hct and serum erythropoietin levels. (iv) Similarly, ACE inhibitors have
been shown to reduce production of interleukin-12, a cytokine known to stimulate
erythropoiesis. Thus, it is likely that there are several means by which ACE inhibitors
could inhibit erythropoietic activity [3].

A number of studies have reported ACE inhibitors antagonized the effects of
erythropoietin on the treatment of anemia in HD patients. In 1986, Hirakata et al.
evaluated the effect of captopril administration average dose 19.3 mg/day, ranging
from 9 to 34 mg in 48 days, ranging from 23 to 68 day in 13 HD patients, they found

that angiotensin I was significantly reduced by captopril, accompanied with decreased



reticulocytosis and reduce erythropoietin production leading to the worsening of
anemia in patients [4]. In 1995, Dhondt et al. searched for cross-sectional study in 49
HD patients who received erythropoietin alone (n=27) and received erythropoietin
with ACE inhibitors (n=22; 16:lisinopril 2.5-20 mg/day, 4:captopril 12.5-37.5 mg/day,
I:perindopril 4 mg/day and Il:ramipril 2.5 mg/day) for 3 months, the study
demonstrated that more exogenous erythropoietin was required in ACE inhibitors
treated chronic HD patients to achieve the same mean Hct of 33% [5]. After that in
1997, Matsumura et al. examined retrospective study in 108 HD patients who received
erythropoietin alone (n=59) and received erythropoietin with ACE inhibitors (n=49;
31:enalapril, 10:imidapril, 2:captopril, 2:cilazapril, 2:benazepril and 2:temocapril), the
data suggested that ACE inhibitors administration increased erythropoietin
maintenance doses in HD patients [6]. In addition, in 1998, Albitar et al. evaluated
from a prospective, non-randomized, controlled trial by follow up 1 year in 60
erythropoietin treated HD patients who taken enalapril (n=20, 10 and 20 mg/day),
nifedipine (n=20, 40 mg/day), and control group (erythropoietin alone; n=20), they
concluded that high-dose enalapril increased erythropoietin requirement [1] similarly
to the observation by other previous studies [7], [8], [9].

On the other hand, some studies reported that ACE inhibitors therapy did not
appear to affect response to erythropoietin in chronic dialysis patients. In 1998,
Charytan et al. using a retrospective design studied in 175 erythropoietin treated HD
patients (143 erythropoietin alone, 32 erythropoictin with enalapril 11+10.7 mg/d;
range 2.5-40 mg/day; 50% of these patients taken enalapril <10 mg/day) for 7 months,
they summarized that the dose or duration of ACE inhibitor therapy did not affect
hemoglobin and hematocrit, thus, ACE inhibitors therapy did not appear to affect
response to erythropoietin in chronic dialysis patients [10]. Likely to the study in 2000,
Albu Alfa et al. evaluated for cross over prospective study in 33 erythropoietin treated
HD patients for 4 months, the study reported that no significant increase in

erythropoietin requirements in HD patients administered an ACE inhibitor compared



with other antihypertensive medications [11]. In addition, a recent study in 2001,
Hayashi et al. using retrospective design studied in 2,213 erythropoietin treated HD
patients (329 erythropoietin with ACE inhibitors which mostly were taken enalapril 5
mg/day and captopril 37.5 mg/day, 1,884 erythropoietin alone) for 3 months, they
found that no statistically significant differences between the two groups, even if they
use a simple comparison (p=0.941), a multiple regression (p=0.308) and comparison
between matched groups by propensity score (p=0.355) to analyse the data [12]. These
were similarly to several previous studies [2], [13], [14].

Since previous studies reported controversial results which might be the causes
of different doses of ACE inhibitors and erythropoietin in each study. Some
administered high dose ACE inhibitors while some used low dose ACE inhibitors.
Besides, they compared patients between different groups (patients with erythropoietin
alone, patients with erythropoietin plus ACE inhibitors) which had different baseline
Hct. Furthermore, previous studies did not evaluate and compare the effects of ACE
inhibitors dosage on the erythropoietin dosage requirements. Although there was some
study [4] about ACE inhibitors dosages but the subjects in each dosage group were too
low to compare the effect.

Therefore, this retrospective study was designed to evaluate the effect of
enalapril, enalapril dosages and enalapril duration on the Hct levels in HD patients
using a before-after crossover design. The Hct levels of patients between before
taking/stop taking enalapril and after taking/stop taking enalpril for 4, 8 and 12
months, will be compared based on the conditions of receiving stable dosages of

erythropoietin and enalapril.



The purposes of this study

1.

To study the effect of enalapril on hematocrit levels of hemodialysis patients
between before taking/stop taking enalapril and after taking/stop taking
enalapril for 4 months.

To study the effect of enalapril dosage on the percentage of decreasing in
hematocrit levels before taking/stop taking enalapril and after taking/stop
taking enalapril for 4 months.

To study the effect of duration of taking enalapril on the percentage of
change in hematocrit levels when the patients had taken enalapril for 4, 8

and 12 months.



CHAPTER 11

LITERATURE REVIEW

1. Hemodialysis

End-stage renal disease (ESRD) may result from primary injury to the nephron
or develop secondary to systemic diseases such as diabetes mellitus, hypertension, and
certain autoimmune disorders (e.g., systemic lupus erythematosus). Intrarenal diseases
(e.g., polycystic kidney disease, primary glomerulonephritis), or postrenal factors (e.g.,
uretral obstruction and neoplasm) account for approximately 20% of cases. Exposure
to toxic substances (e.g., amphotericin B, aminoglycosides, compound analgesics) is a
rare cause of ESRD. As renal function declines to less than 10 to 15% of normal,
accumulation of nitrogenous wastes and other toxins leads to uremia, which is
clinically defined as symptomatic real failure. These uremic sign and symptoms
encompass myriad complications affecting most major organ systems, including the
cardiovascular, pulmonary, neuromuscular, and central nervous systems. If the patient
does not receive a kidney transplant, dialysis become necessary to sustain life.

Hemodialysis is the effective dialysis that entails convective bulk fluid removal,
ultrafiltration, and diffusion of toxic materials down a concentration gradient from
blood to dialysate. Convection is the process by which solutes are lost during
ultrafiltration. Ultrafiltration depends on the difference in blood and dialysate
transmembrane colloid osmotic pressure, membrane permeability, and blood dilution.
The use of high dialysate and blood flow rates with high-flux (larger-pore) and high-
efficiency (larger surface area) dialyzers has necessitated precise ultrafiltration control

systems to avoid excessive fluid loss, dehydration, and hypotension. [15]



2. Pharmacotherapeutic consideration for patients on dialysis

2.1 Anemia

The primary cause of anemia in patients with ESRD is a relative erythropoietin
(EPO) deficiency, for which therapy with recombinant human EPO alfa (epoetin) has
been available since the late 1980s. The kidneys synthesize about 90% of circulating
EPO, and secretion increases in response to hypoxia. Although the hematocrit (Hct), an
index of the red blood cell count, begins to decline when the serum creatinine is more
than 2 mg/dl, it usually is maintained above 30% until GFR declines to 30 ml/minute
or less. Others factors such as blood loss; iron, folic acid or vitamin B,, deficiency;
severe renal bone disease; systemic infection or inflammatory illness; and aluminum
toxicity may also contribute to the development of anemia in patients on dialysis.
Because the cause of anemia in patients on dialysis often is multifactorial, multiple
hematologic and iron studies should be assessed before the patient begins epoetin.

Fatigue, exertional dyspnea, dizziness, headache, angina, congestive heart
failure, and decreased cognition are common in patients with ESRD. Reversal of the
signs and symptoms of tissue oxygen deprivation and left ventricular hypertrophy,
improvement in exercise capacity, and ultimately and improvement in the quality of
life are the primary therapeutic goals of anemia management. Because the signs and
symptoms of anemia tend to resolve in patients who have achieved and maintained Hct
between 30 and 38%, the DOQI working group recommended a target Hct range of 33
to 36%.

Currently, epoetin is the therapy of choice for maintaining Hct levels in patients
on dialysis. It is reasonable to begin epoetin therapy when the patient’s Hct drops
below 33%. Before epoetin therapy is initiated, iron status (serum ferritin and
transferring saturation [TSAT]) should be assessed. To optimize hematopoiesis in
patients on dialysis receiveing epoeitn, ferritin and TSAT values of at least 100 ng/ml

and 20%, respectively, should be maintained.



Epoetin can be administered intravenously or subcutaneously at a dosage of 90
to 180 U/kg/week. Subcutaneous administration is recommended for all patients with
ESRD. Although the bioavailability of subcutaneous epoetin is low, the half-life is
prolonged and Hct response is at least as good as or better than with intravenous
administration. The preponderance of data indicates that the target Hct may be
maintained with weekly subcutaneous epoetin dosages that are about 30% lower than

the intravenous dosages. [15]

2.2 Potential causes of poor response to erythropoietin therapy for anemia

of chronic renal disease

1. Iron deficiency (relative or absolute)

2. Folate or vitamin B, deficiency

3. Malnutrition

4. Inflammatory, infectious, or malignant process

5. Unrecoginzed hemoglobinopathy (e.g., thalassemias)

6. Severe osteitis fibrosa

7. Aluminum intoxication or elevated Al’ stores

8. Severe uremia or inadequate dialysis

9. Unrecognized blood loss or hymolysis (nondialysis related)

10.  Excessive known blood loss (dialysis related, vascular surgery)
11.  Pharmacokinetic variability-consider switch of administration route (SQ <>IV)
12. Concurrent medication: marrow-suppressive agents; angiotensin converting

enzyme inhibitors or possibly angiotensin receptor blockers [15]



3. Erythropoietin

3.1 Chemical structure and properties
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Figure 1: Chemical structure of erythropoietin [16]

Erythropoietin was the first human hematopoietic growth factor to be isolated.
It was first purified from the urine of patients with severe anemia. Recombinant human
erythropoietin (rHuEpo, epoetin alfa) is produced in a mammalian cell expression
system using recombinant DNA technology. It is a heavily glycosylated peptide of 165
amino acids with a molecular weight of 30,400. It is measured in international units

(T0). [17]

3.2 Pharmacology properties

Erythropoietin induces the production —of erythrocytes (i.e., stimulates
erythropoiesis) principally by stimulating the proliferation and differentiation of
committed erythroid precursors (i.e., burst-forming units-erythroid [BFU-E], colony-
forming units-erythroid [CFU-E]); CFU-E appear to be more sensitive-and dependent
on the effects of erythropoietin than BFU-E, responding in vitro to erythropoietin
concentrations much lower than those required to stimulate BFU-E. Other marrow
precursors, including colony-forming units (CFU)-megakaryocytic (CFU-MK), CFU-
granulocytic-monocytic (CFU-GM), and pluripotent stem cells also may be increased

with in vivo administration of erythropoietin. Stimulation of CFU-E and BFU-E
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appears to be direct, while stimulation of CFU-MK and CFU-GM may occur as
indirect feedback responses. Both erythroblasts and reticulocytes, the direct precursors
(immature forms) of erythrocytes, are increased by erythropoietin as a result of its
action on CFU-E and BFU-E. The hormone also stimulates the release of reticulocytes
from bone marrow, and the synthesis of cellular hemoglobin is increased as a result of
enhanced differentiation of CFU-E into erythroblasts.

In general, no changes in erythrocyte indices (e.g., mean corpuscular volume,
erythrocyte width) are seen in patients receiving erythropoietin therapy, although
increases in mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and mean corpuscular volume (MCV) have occurred in some
patients. The effects of erythropoietin therapy in reversing shortened erythrocyte
survival in uremic patients have been variable; limited evidence suggests that osmotic
fragility of erythrocytes from hemodialysis patients decreases and erythrocyte half-life
increases after erythropoietin therapy in predialysis patients, while other studies have
demonstrated no such effects.

The usual serum concentration of endogenous erythropoietin in healthy
individuals with normal hematocrit to 4-30 mU/ml; the erythropoietic response in
patients with hypoxia, severe anemia from blood loss, or aplastic anemia may be
associated with erythropoietin concentrations up to 1000 times greater than these levels.
Most patients with anemia associated with chronic renal failure cannot mount this same
erythropoeitic response and have an inappropriately low serum erythropoietin
concentration for the degree of anemia present.

Erythropoietin  appears to bind to two types of polypeptide receptors in
erythroid progenitor cells-one high affinity and one low affinity- or possibly to
different low- and high-affinity portions or chains of a receptor complex. Some data
suggest that binding of the erythropoietin molecule to the receptor may stimulate
nucleic acid synthesis and subsequent cell division in erythroid progenitor cells,

although it also has been suggested that the hormone may prevent apoptosis
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(programmed cell death) in such erythroid cells, allowing them to proceed with mitosis
and terminal differentiation. Following receptor binding, erythropoietin apparently is
internalized and metabolized by the target cell. Erythropoietin receptors are of the
hormone-receptor variety but are not cross-reactive with any other hormone (e.g.,
insulin) or growth factor (e.g., colony-stimulating factors, various interleukins,
transferring). Binding sites for erythropoietin have been identified in in vitro studies of
isolated CFU-Es. Erythropoietin apparently does not bind to mature erythrocytes,
granulocytes, monocytes, or plasma cells. In vitro studies have demonstrated receptors
for erythropoietin in both human and animal placental tissue that may be similar to the
erythroid cell receptor.

Plasma iron and ferritin concentrations decrease with new erythrocyte
formation as a result of iron incorporation into these cells and subsequent mobilization
of tissue iron stores. Intracellular free calcium concentrations have increased with
addition of erythropoietin to bone marrow and cord blood erythroblast cultures; such
increases in calcium may possibly initiate intracellular mechanisms for erythrocyte
proliferation and differentiation. Increases in erythron transferring uptake parallel the
increases in reticulocyte count and erythrocyte mass in both dialysis-dependent and

predialysis patients who respond to erythropoietin therapy. [18]

3.3 Pharmacokinetic properties

3.3.1 Absorption

Because of its protein nature, epoetin alfa is destroyed in the GI tract and must
be administered parenterally (e.g., via IV infusion, subcutaneous injection,
intraperitoneal instillation). Systemic absorption of epoetin alfa is delayed and
incomeplete following subcutaneous injection or intraperitoneal instillation. However,
while serum concentrations peak sooner and are substantially higher with IV than
subcutaneous injection of epoetin alfa, they are less sustained, and the IV route of

administration generally offers no clinical advantage over the subcutaneous route
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except in patients with existing accessible IV sites (e.g., hemodialysis patients). In fact,
limited evidence suggests that subcutaneous injectin of epoetin alfa 3 times weekly can
procuce a hemoglobin response similar to that with IV administration but a lower
dosages; other evidence indicates that dosages of epoetin alfa required for maintenance
therapy generally are lower with subcutaneous than IV injection. The decreased and
variable systemic absorption of subcutaneously administered epoetin alfa relative to IV
administration may result from the lipophilicity and/or relatively large size of the
molecule; degradation by peptidases in the skin also may be responsible. With usual
epoetin alfa dosages of 50-300 units/kg 3 times weekly given either subcutaneously or
IV, detectable serum concentrations of erythropoietin are maintained for at least 24
hours.

Serum erythropoietin concentrations exhibit considerable interindividual
variation with a given epoietin alfa dose and route of administration. There was shown

in table 1.

Table 1: Peak serum erythropoietin concentrations [18]

Route of administration Dose of administration Peak serum erythropoietin
(units/kg) concentrations (mU/mL)

Intravenous injection 80 1200-1800
(in chronic renal failure) 120 3200-4700

150 3000-5000
Intravenous injection 150 3500
(in healthy adults) 300 7300

50 36
Subcutaneous injection 150 144-226

300 285-288

Peak serum erythropoietin concentrations are achieved within 4-24 hours
following subcutaneous injection of usual therapeutic doses of epoetin alfa, and serum

erythropoietin concentrations generally remain above baseline for 2-4 days. Following
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IV doses of 50-300 units’kg of exogenous erythropoietin, serum erythropoietin
concentrations generally decline to baseline levels within 1-3 days.

Peak serum drug concentrations following subcutaneous injection of epoetin
alfa appear to be reduced (by up to 40-70% compared with the first-dose peak) with
multiple-dose administration of the drug. Limited evidence suggests that bioavailability
of the drug following subcutaneous administration into the thigh is increased compared

with subcutaneous administration into the arm or abdomen.

3.3.2 Distribution

The distribution of epoetin alfa and the endogenous hormone in humans
remains to be fully elucidated. Epoetin alfa appears to distribute into a single
compartment with an apparent volume of distribution that approximates of slightly
exceeds plasma volume (about 4-5% of body weight). Thus, extravascular distribution
of the drug and endogenous hormone appears to be relatively minor. In both healthy
individuals and dialysis patients, the volume of distribution has been estimated to be
21-80 mL/kg following a single IV dose, and 57-107 or 42-70 mL/kg at the start of
multiple-dose therapy or after normalization of hematocrit (98-378 days), respectively;
distribution characteristics of epoetin alfa are similar in predialysis patients. Little, if
any, accumulation of the drug appears to occur at dosages of 50-150 units/kg given IV
3 times weekly. However, drug accumulation may occur following multiple
subcutaneous doses because of prolonged absorption.

In contrast to apparent distribution characteristics in humans, extravascular
distribution of epoetin alfa and the endogenous hormone appears to be substantially
greater in animals. Epoetin alfa has been shown to distribute into the liver, kidney,
spleen, lung, and bone marrow in animals. Desialylated epoietin alfa appears to
undergo extensive extravascular distribution. In animals, 85, 9, 4 and 2% of
extravascular desialylated drug reportedly distributes into the liver, kidney, lung, and

spleen, respectively.
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Results of studies in animals are equivocal regarding the potential for epoetin
alfa to cross the placenta, although in vitro evidence suggests erythropoietin receptors
are present in placental tissue of some animals. It is not known whether the drug

distributes into milk in humans.

3.3.3 Elimination

The elimination characteristics of epoetin alfa and endogenous erythropoietin in
humans remain to be fully established. Most currently available information on the
elimination of the hormone comes from animal studies, and the relevance of these
findings in humans is unclear. Serum concentrations appear to decline principally in a
monoexponential (first-order) fashion, although biexponential elimination from serum
has been described in animals and occasionally in humans, particularly at relatively
low dosages. The elimination half-life of epoetin alfa following IV administration in
healthy individuals and in patients with chronic renal failure ranges from 4-16 hours.
There is some evidence that the elimination half-life of epoetin alfa may increase with
increasing dosage, but a reduction in half-life during continuous dosing also has been
reported. In patients with impaired renal function, a prolongation in elimination half-
life relative to that in patients with normal renal function may occur; however, the
elimination half-life does not appear to be affected by hemodialysis. The elimination
characteristics of epetin alfa appear to be similar in patients undergoing hemodialysis
or peritoneal dialysis.

With continuous dosing at IV. doses of 15-500 units/kg administered up to 3
times weekly, the elimination half-life of epoetin alfa may decrease over time. In
patients undergoing hemodialysis, mean elimination half-life was reduced by 20-40%
after several weeks to months of such dosing; no further reductions generally were
observed beyond 3-4 months of continued therapy. Similar reductions in half-life with
multiple dosing have been observed in predialysis patients; the mean half-life of the

drug decreased by 40% after 8§ weeks of therapy in one study. Although it has been



15

suggested that this decrease in half-life may be related to increased clearance of the
drug as more erythroid precursors are formed and increased numbers of erythropoietin
receptors are made available, other studies have not found reductions in elimination
half-life after continuous dosing.

The metabolic fate of endogenous erythropoietin and the recombinant hormone
(i.e., epoetin alfa) is poorly understood. Although some in vitro and animal data
suggest that the kidney may be involved in erythropoietin metabolism, limited
evidence in humans suggests otherwise. It also has been suggested that the
physicochemical characteristics of the glycoprotein would impede access to potential
sites of renal metabolism, thus limiting any contribution of the kidney in the
degradation of the endogenous and recombinant hormones. Current evidence from
studies in animals suggests that hepatic metabolism contributes only minimally to
elimination of the intact hormone, but desialylated epoetin alfa (i.e., terminal sialic
acid groups removed) appears to undergo substantial hepatic clearance via metabolic
pathways and/or binding. Desialylation and/or removal of the oligosaccharide side
chains of erythropoietin appear to occur principally in the liver; bone marrow also may
have a role in catabolism of the hormone. Elimination of desialylated drug by the
kidneys, bone marrow, and spleen also may occur; results of animal studies suggest
that proximal renal tubular secretion may be involved in renal elimination.

Approximately 10% or less of an administered dose of recombinant epoetin alfa
is excreted unchanged in urine, which is similar to the elimination characteristics of the
endogenous hormone. The effect of hepatic impairment on elimination of the hormone
has not been elucidated.

Elimination of epoetin alfa is similar in patients with varying degrees of renal
failure, suggesting predominantly nonrenal mechanisms of elimination. Total body
clearance of epoetin alfa in patients with varying degrees of renal failure averages 0.09

mL/minute per kg (range: 0.06-0.12 mL/minute per kg).
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Epoetin alfa apparently is not removed by hemodialysis; in fact, postdialysis
serum concentrations of the hormone may exceed predialysis concentrations because of
removal of excess extracellular fluid. Removal of the hormone from systemic
circulation into peritoneal dialysate is small and contributes minimally to overall

elimination of the drug. [18]

3.4 Dosage in anemia of Chronic Renal failure

Erythropoietin can be administered either subcutaneously (SQ) or intravenously
(IV). Predialyssi and peritoneal dialysis patients typically receive erythropoietin SQ
divided into 1 or 2 doses per week, whereas most hemodialysis patient are given
erythropoeitin by the intravenous route, in a schedule that coincides with their
hemodialysis sessions (i.e., three times weekly). The DOQI-recommended initial adult
erythropoietin dosing range in terms of weekly total is 80 to 120 U/kg per week (SQ)
divided into 2 or 3 doses or 120 to 180 U/kg per week (IV) divided into 3 doses.
Younger pediatric patients (less than 5 years) may require 2 to 3 times these doses. The
time to reach new steady-state hematocrit values after and erythropoietin dose adjustment
ranges from 1 to 4 months and is influenced no only by the erythropoietin dose and iron
stores, but also by the turnover rate of the existing red blood cell mass. At the
aforementioned doses, the average rate at which hematocrit rises in usual responders is 1%
per week (range 0.5 to 1.5%). A variety of dosing strategies are acceptable; however, most
algorithms make erythropoietin dose adjustments as a fractional increment of the previous
erythropoietin dose, based on the actual hematocrit value along with the rate of hematocrit
rise (figure 2). Hematocrit monitoring is recommended at 1- to 2-week intervals,
accompanied by erythropoietin dosage titration at approximately 2- to 4-week intervals
until a stable hematocrit and erythropoietin dose have been achieved. For patients
exhibiting an exaggerated or unusually rapid hematocrit rise (e.g., greater than 4% in a

2-week period or 8% in a 4-week period), erythropoietin dosage reduction is suggested,
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Figure 2: Algorithm for the management of anemia in Chronic Renal Disease. [19]
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whereas suboptimal responders may benefit from early erythropoietin dosage increase

to minimize the time to reach target hematocrit values (ideally within 2 to 4 months).
Following stabilization of response, less frequent monitoring of hematocrit (every 2 to
4 weeks) and erythropoietin dose adjustments (every 4 weeks) generally suffice and
tend to be more cost-efficient in centers managing large numbers of patients.
Reticulocyte response is not routinely monitored in erythropoietin recipients

demonstrating an adequate response. [19]

3.5 Adverse effects

3.5.1 Hypertension

The most frequent adverse effect observed in patients receiving epoetin alfa for
anemia of chronic renal failure is development or exacerbation of hypertension. The
risk of hypertensive episodes is greatest in patients with chronic renal failure who have
preexisting hypertension or a history of hypertensive disease; however, up to 80% of
patients with chronic renal failure have a history of hypertension. Patients with
extremely low baseline hematocrits (e.g., less than 22%) also may be at risk for the
development of hypertension. The risk of hypertensive episodes appears to be low to
nonexistent in patients with normal renal function compared with that in patients
receiving the drug for anemia of chronic renal failure; similar hypertensive episodes
have been reported in patients with chronic renal failure following red blood cell
transfusions. Although a direct causal relationship to the drug has not been established,
hypertensive encephalopathy with or without subsequent seizures of the tonic-clonic
type has been reported with increases in blood pressure in chronic renal failure patients
receiving epoetin alfa, and correction of anemia should be performed slowly to
minimize the risk of such complications.

The etiology of the hypertension reported in patients receiving epoetin alfa
therapy is unclear; however, it usually is noted within the first 3 months of therapy and

may be related to the rate or extent of increase in hematocrit. Hematocrit increases
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exceeding 4% in a 2-week period reportedly may be associated with an increased risk
of adverse hypertensive events in patients with chronic renal failure. A decrease in
compensatory vasodilation of the vascular system associated with increases in
hematocrit and correction of anemia, either by transfusion or epoetin alfa therapy, may
result in an increase in total peripheral resistance. An increase in the viscosity of whole
blood, but not plasma, with increases in hematocrit and/or erythrocyte count and
possibly platelet count, also has been implicated in the increase in total peripheral
resistance. Limited in vitro evidence suggests that increased circulation hemoglobin
binds to or chemically inactivates a vascular endothelium-derived relaxant factor
(possibly nitric oxide), which blocks the vasodilatory effects of this factor in vivo and
produces a rebound vasoconstriction; however, the clinical importance, if any, of this
effect has not been established. Most evidence suggests that epoetin alfa does not
possess direct vasopressor effects.

Limited evidence suggests that cautious adjustment of dialysis or “dry” weight
(e.g., weight after correction of clinical volume overload and optimization of sitting
blood pressure without inducing orthostatic hypotension) may result in decreased
plasma volume and prevention or control of adverse hypertensive effects of epoetin
alfa in patients with chronic renal failure. However, such adjustments should be
performed carefully to prevent hypovolemia and preferably, prior to initiating epoetin

alfa therapy.

3.5.2 Hematologic effects

An increased incidence of partial or complete clotting at the site of vascular
access (arteriovenous [AV] fistula) has been observed in renal dialysis patients
receiving epoetin alfa. A direct correlation between an epoetin alfa-induced increase in
hematocrit and the rate of thrombotic events has not been shown, and little to no
change in activated partial thromboplastin time (APTT) and prothrombin time (PT) or

fibrinogen concentration has been reported in patients or healthy individuals receiving
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the drug. However, thrombotic complications have been attributed to epoetin alfa-
induced increases in erythrocyte count and whole blood viscostity in up to 13% of
patients undergoing hemodialysis. In one patient whose AV fistula had been functional
for 10 years, AV thrombosis occurred following an increase in hematocrit from 18% to
40% with epoetin alfa therapy. Vascular access clotting has been reported to occur at a
rate of 0.25-0.3 events per patient-year of epoetin alfa therapy, and heparin
anticoagulation requirements during dialysis may be increased in patients receiving
epoetin alfa. While most patients require only modest increases in heparin dosage to
prevent clotting complication, dosage increases of up to twofold reportedly have been

required in some patients.

3.5.3 Nervous system effects

Seizures (tonic-clonic [grand mal]) have been reported occasionally in patients
receiving epoetin alfa. In clinical trials, up to 5% of dialysis patients treated with
epoetin alfa experienced seizures, more frequently within the first 3 months of therapy.
In most cases, seizures have been attributed to a precipitous rise in blood pressure
associated with overly rapid correction of hematocrit; an associated hypertensive
encephalopathy also has been described. Similar seizure activity has been observed in
patients with chronic renal failure receiving transfusions for correction of hematocrit.
In some cases, seizure activity may be preceded by sever headache and increased blood
pressure, and may occur as single episodes of the tonic-clonic type not requiring
specific treatment. If seizures develop during epoetin alfa therapy, the etiology of the
seizure should be determined and the drug discontinued if hematocrit is elevated and
hypertension is present. Therapy with epoetin alfa generally has been resumed in such
patients without recurrence of seizure activity; however, discontinuance of the drug has

been required in some cases.
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3.5.4 Renal and electrolyte effects

Predialysis increases in serum concentrations of potassium, blood urea nitrogen
(BUN), creatinine, uric acid, and phosphate have been reported with epoetin alfa
therapy, especially in patients with chronic electrolyte abnormalities. It is unclear
whether such increases are related to increased hemoglobin concentration, decreased
efficiency of hemodialysis resulting from increased hematocrit, or lifestyle changes
(e.g., increased appetite) brought about by the feeling of well-being associated with
correction of anemia. A decrease in potassium and phosphate clearance in patients on
hemodialysis has been associated with increasing hematocrit to greater than 35% with
epoetin alfa therapy, while a decrease in dialyzer creatinine clearance has been
associated with increasing hemoglobin concentration (e.g., from 7.5 g/dL to 10 g/dL).
Most of these changes respond to dietary modification, administration of phosphate-
binding antacids, adjustments in dialysis time or other dialysis parameters, use of a
larger surface-area dialyzer, or adjusting the electrolyte concentrations of the dialysis
fluid.

Severe, recurrent hyperkalemia has been reported infrequently with epoetin alfa
and has been implicated as the cause of death in at least one patient. Hyperkalemia may
be caused by increased dietary intake of potassium associated with epoetin alfa-
induced improvement in appetite, decreased dialyzer efficiency, or release of
potassium into plasma from the increased erythrocyte load during dialysis.
Modifications in dialysis frequency and dialysis fluid and use of nutritional counseling
may be required for the treatment and/or prevention of hyperkalemia in epoetin alfa-
treated patients; administration of cationic exchange resins (e.g., sodium polystyrene
sulfonate) also has been effective in acute and long-term treatment of hyperkalemia in
such patients.

In patients experiencing hyperphosphatemia, and increase in calcium-phosphate
product associated with joint pain, inflammation, swelling, and periarticular

calcification has been observed.
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3.5.5 Effects on dialyzer function

Although limited evidence suggests that decreases in hemodialyzer efficiency
associated with increased hematocrit may be compensated for by adjusting dialyzer
parameters (e.g., increasing high-efficiency hemodialysis prescription by 10-15% as
the hematocrit approaches 40%), the circuit pressures and dialyzer function of high-
flux or high-efficiency dialysis theorectically could be incompatible with the increased
blood viscosity and hematocrit resulting from epoetin alfa therapy. Dialyzer fiber
clotting and erythrocyete damage may occur as a result of interactions between
increased blood viscosity and shear forces from the high flow rates used in these types
of dialyzers; however, patients treated with epoetin alfa have undergone high-flux
dialysis without serious complications when the hematocrit was maintained below 35%.
Increased dialyzer fiber clotting also has been observed in patients not treated with
epoetin alfa whose hematocrits exceeded 30%; slight increases in the heparin dosage

administered during dialysis may be required to counteract this effect.

3.5.6 Flu-like syndrome

A flu-like syndrome has been reported rarely in patients receiving epoetin alfa,
principally with IV infusion of the drug, but also with subcutaneous administration.
This flu-like syndrome is characterized by the development of transient diaphoresis,
chills, shivering, malaise, feeling of cold or warmth, myalgia, bone pain and arthralgia
of the limbs and pelvis, generalized aches and pains (including chest, back, and/or
flank pain), fever, paresthesias, and/or abdominal pain/cramps. The reaction reportedly
appears within 90-120 miniutes of initiating the infusion and lasts for 2-12 hours.
Although therapy with epoetin alfa has been discontinued in a few patients because of
this adverse effect, the reaction generally is self-limiting and does not require dosage
modification or preclude continued administration of the drug. To minimize the

occurrence of this flu-like syndrome, some clinicians suggest administration of aspirin
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or acetaminophen prior to injection of the drug and a reduction in the infusion rate

during administration.

3.5.7 Other adverse effects

Nausea, vomiting, diarrhea, edema, arthralgias, and fatigue have been reported
in more than 5% of chronic renal failure patients receiving epoetin alfa. Tachycardia,
difficulty in maintaining ideal or “dry” postdialysis weight, cramps, nigh sweats, visual
disturbances, exacerbation of acne, skin rash and urticaria (including petechial
urticaria), petechial purpura, pruritus, transient local pain and/or stinging at the
subcutaneous injection site, volume overload, shortness of breath, and conjunctival
inflammation, redness, and/or injectin have been reported infrequently. Mixing at the
time of administration epoetin alfa injection with bacteriostatic sodium chloride
injection containing benzyl alcohol may ameliorate local discomfort associated with
subcutaneous injection

Severe allergic reactions (manifestations not desbribed) reportedly have
occurred rarely with epoetin alfa. An increase in unconjugated bilirubin (possibly
associated with increased erythrocyte load and hemolysis) has been reported I some

studies but not in others. [18]
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4. Hypertension

Hypertension is a major modifiable cardiovascular risk factor in patients with
ESRD and it is found in 60% and 24% of the hemodialysis and general U.S.
populations, respectively. Inadequate hypertension control can accelerate
atherosclerosis and increase cardiovascular morbidity secondary to heart disease and
stroke. Predialysis mean arterial blood pressure (MAP) greater than 115 mm Hg has
been associated with a significant increase in morbidity and mortality in patients on
hemodialysis. A 10-mm Hg increase in MAP also is associated with a sevenfold
increase in the risk of left ventricular hypertrophy and a twofold increase in the risk of
heart failure. In patients with preexisting ischemic heart disease, mortality from
myocardial infarction is the lowest when the treated diastolic blood pressure is reduced
to 85 to 90 mm Hg. Recent results from the Hypertension Optimal Treatment (HOT)
study indicate that the incidence of cardiovascular events is the lowest when diastolic
blood pressure is reduced to 83 mm Hg or less. Moreover, subgroup analysis of
patients with diabetes mellitus revealed a 51% lower incidence of major cardiovascular
events in the target group (diastolic blood pressure 80 mm Hg or less) than in those
who had a diastolic blood pressure of 80 to 90 mm Hg.

Despite the high prevalence of hypertension in the ESRD population, the
mechanism of high blood pressure in these patients is not well understood. Sodium
retention is believed to be one of the mechanisms responsible for the development of
ESRD hypertension. However, extracellular volume expansion alone does not produce
hypertension. In fact, patients on dialysis seldom have profound edema, and increased
peripheral vascular resistance is found in-almost all patients.

Hypertension in patients on dialysis can be treated by dialytic removal of
sodium and water or the use of antihypertensive medications. Blood pressure patterns
in these patients lack diurnal variation, and interdialytic blood pressure may be
estimated by the predialysis and postdialysis blood pressure. In general, volume control

by adequate dialysis is a more effective way to lower blood pressure than
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pharmacologic therapy. In patients who have high blood pressure despite adequate
fluid removal, use of antihypertensive medications is indicated. According to the
recommendations from the sixth report of the Joint National Committee on the
Prevention and Treatment of Hypertension (JNC-6), lifestyle modifications (e.g.,
reduced intake of dietary salt to less than 2 g/day, reduced saturated fat and cholesterol
intake, smoking cessation, weight loss) are recommended as adjunctive therapy for all
patients before pharmacologic therapy is initiated. Therapy selection should take into
consideration other comorbid conditions such as diabetes mellitus, coronary heart
disease, myocardial infarction, and depression. Lower starting dosages are necessary in
older adults and when agents that are predominantly renally eliminated are being used.
Higher dosages may be needed on nondialysis days than on dialysis days. Agents that
are removable by dialysis may be given after dialysis on dialysis days. In general, ACE
inhibitors, long-acting calcium channel blockers, B-blockers, and angiotensin receptor
antagonists are effective for management of hypertension in patients with ESRD. The
use of short-acting calcium channel blockers, especially in patients with diabetes
mellitus, is controversial because of the potentially increased risk of cardiac events

such as myocardial infarction and stroke. [20]

5. Angiotensin converting enzyme inhibitors

Renin, an enzyme produced by the kidney in response to a number of factors
including adrenergic activity and sodium depletion, converts the circulating
glycoprotein angiotensinogen into the biologically inert decapeptide angiotensin I,
which is then changed by the angiotensin-converting enzyme (ACE or kininase II) into
the highly potent vasoconstrictor angiotensin II (ATII). The angiotensin-converting
enzyme is widely distributed, but its highest activity is in the endothelium of the
pulmonary vasculature, probably because of the long length of pulmonary capillarieds.
Other rennin-angiotensin systems are located in the brain, heart, and many other organs,

the relevance of which, however, is uncertain. Bradykinin (an endogenous vasodilator
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occurring in blood vessel walls) is also a substrate for ACE; it is probablya minor
contributor to the vasodilator action of ACE inhibitors, except in patients without
kidneys or other low-renin causes of hypertension. However, either bradykinin or one
of the neurokinin substrates of ACE (such as substance P) may cause cough.

ATII acts on two G-protein-coupled receptors, of which the angiotensin AT,
subtype accounts for all the classic actions of angiotensin. These include also
stimulation of aldosterone (sodium-retaining hormone) production by the adrenal
cortex.

When the ATII concentration in plasma is relatively high (i.e., approximately
100 pg/ml), the peptide causes direct arterial constriction. Inhibition of ATII formation
reduces vasoconstriction, and blood pressure decreases. However, hypertensive
patients with lower, or even normal, plasma concentrations of ATII also exhibit a
depressor response to ACE inhibition. The mechanism of this effect is less clear. One
possibility is that the ACE inhibitors act by blocking the tissue generation of ATII.
ATII also can be produced by intrarenal rennin, in which case the peptide exerts an
antinatriuretic and antidiuretic effect. Inhibition of intrarenal ATII formation by ACE
inhibitors could lower blood pressure by promoting salt and water excretion in a
manner similar to that of the diuretic agents. Finally, ACE inhibitors act by inhibiting
brain ACE. An increase in intracerebral concentrations of ATII in experimental
animals causes an elevation in arterial pressure mediated through activation of the
sympathetic nervous system. The ACE inhibitors could reduce the activity of the
sympathetic nervous system in a manner similar to that of centrally acting
sympatholytic agents.

In addition, ATII stimulates cardiac and vascular smooth muscle cell growth,
probably contributing to the progressive amplification of hypertension once the process
is initiated. Limited studies to date have shown that the AT, receptor subtype is

coupled to inhibition of muscle growth or proliferation.
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ACE inhibitors reversibly inhibit angiotensin-converting enzyme that cleaves
angiotensin | to form the potent vasoconstrictor ATII. These inhibitors also diminish
the rate of bradykinin inactivation. They lower blood pressure by reducing peripheral
vascular resistance without reflexly increasing cardiac output (CO), heart rate, or
contractility. Vasodilatation occurs as a result of the combined effect of lower
vasoconstriction caused by diminished levels of ATII and the potent vasodilating effect
of increased bradykinin; renal blood flow may increase. By reducing circulating ATII
levels, ACE inhibitors also decrease the secretion of aldosterone, resulting in decreased

sodium and water retention. [20]

Table 2: Pharmacologic, pharmacokinetic, and dosing data of ACE inhibitors [20]

Pro SH Protein Peak Metabo- Elimina- T Daily dose
Drug drug | Group? | binding (%) effect lism tion (h) (Per | (mg)
(h) day)
Benazepril Yes No 95-97 2 Hepatic Renal 10-11 1 10-20
Captopril No Yes 30 1-2 Hepatic Renal 2-3 2-3 25-
(partially) 150
Cilazapril Yes No Unknown 3-7 Hepatic + Renal 3-9 1 1.5-5
blood
Delapril Yes No Unknown 1-2 Hepatic + Renal 1-5 2 15-30
blood
Enalapril Yes No <50 2-4 Hepatic Renal 6-11 1-2 5-40
Fosinopril Yes No >90 2-4 Hepatic Renal+ >24 1 5-40
hepatic
Lisinopril No No None 4-8 None Renal 12-13 1 5-40
Moexipril Yes No Moderate 1-2 Hepatic Renal 2-9 1 7.5-
30
Perindopril Yes No 20 2-3 Hepatic Renal >24 1 2-8
Quinapril Yes No 95-97 1-2 Hepatic Renal 2-3 1-2 5-40
Ramipril Yes No 50-60 3-6 Hepatic Renal 14-30 1 2.5-
10
Spirapril Yes No 89 4-6 Hepatic Renal >12 1 6
Trandolapril Yes No 80-94 4-6 Hepatic Renal >24 1 1-4
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6. Enalapril and enalaprilat

6.1 Chemical structure and properties
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Figure 4: Chemical structure of enalapril and enalaprilat[21]

Enalaprilat and enalapril are angiotensin-converting enzyme (ACE,
bradykininase, kininase II) inhibitors. Enalapril, the ecthylester of enalaprilat, is a
prodrug and has little pharmacologic activity until hydrolyzed in the liver to enalaprilat.
Enalapril is commercially available as the maleate salt and differs structurally from
enalaprilat by the presence of an ethoxycarbonyl group rather than a carboxy group at
position 1 of 1-alanyl-I-proline and by the presence of the maleate salt. These structural
modifications result in increased GI absorption of enalapril compared with enalaprilat,
which is poorly absorbed from the GI tract. Enalapril is structurally and
pharmacologically similar to captorpil but contains a disubstituted nitrogen rather than
a sulfhydryl group at positin 3 of 2-methyl-1=oxopropyl-l-proline. The lack of the
sulfthydryl group in enalapril may result in decreased risk of certain adverse effects

(e.g., cutaneous reactions, taste disturbances, proteinuria). [22]



30

6.2 Pharmacokinetic properties

6.2.1 Absorption

Enalapril maleate, unlike enalaprilat, is well absorbed following oral
administration. Although enalaprilat is a more potent ACE inhibitor than enalapril, it is
poorly absorbed from the GI tract because of its high polarity, with only about 3-12%
of an orally administered dose being absorbed. Approximately 55-75% of an oral dose
of enalpril maleate is rapidly absorbed from the GI tract in healthy individuals and
hypertensive patients. Food does not appear to substantially affect the rate or extent of
absorption of enalapril maleate. Following oral administration, enalapril maleate
appears to undergo first-pass metabolism principally in the liver, being hydrolyzed to
enalaprilat. Concomitant ~ oral administration of enalapril maleate and
hydrochlorothiazide has little, if any, effect on the bioavailability of either drug. Oral
administration of the commercially available fixed combination containing the drugs
reportedly is bioequivalent to concurrent administration of the drugs as individual
preparations.

Peak serum enalapril concentrations of 40-80 ng/mL occur within about 0.5-1.5
hours following oral administration of a single 10-mg dose of enalapril maleate in
healthy individuals or hypertensive patients. Peak serum enalaprilat concentrations
reportedly increase proportionally with oral doses of enalapril maleate ranging from
2.5-, 5-, 10-, or 40-mg dose of enalapril maleate in these patients, average peak serum
enalaprilat concentrations of 6-8, 15-28, 37-50, 70-80, or 123-150 ng/mL, respectively,
occur within about 3-4.5 hours. Steady-state serum concentrations of enalaprilat were
reached within 30-60 hours in patients with normal renal function receiving oral
enalpril maleate dosages of 10 mg daily for 8 days; appreciable accumulation of the
metabolite did not occur.

The hypotensive effect of a single oral dose of enalapril maleate is usually

apparent within 1 hour and maximal in 4-8 hours. The hypotensive effect of usual
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doses of the drug enerally persists for 12-24 hours but may diminish toward the end of
the dosing interval in some patients. The reduction in blood pressure may be gradual,
and several weeks of therapy may be required before the full effect is achieved.
Following IV administration of enalaprilat, the hypotensive effect is usually apparent
within 5-15 minutes with maximal effect occurring within 1-4 hours; the duration of
hypotensive effect appears to be dose related, but with the recommended doses, the
duration of action in most patients is approximately 6 hours. Plasma ACE inhibition
and reduction in blood pressure appear to be correlated to a plasma enalaprilat
concentration of 10 ng/mL, a concentration at which maximal blockade of plasma ACE
is achieved. After withdrawal of enalapril or enalaprilat, blood pressure gradually
returns to pretreatment levels; rebound hypertension following abrupt withdrawal of
the drug has not been reported to date.

The onset and duration of hemodynamic effects of enalapril maleate appear to
be slower and more prolonged than those of captopril. In patients with congestive heart
failure, the hemodynamic effects of enalapril maleate are generally apparent within 2-4

hours and may persist for up to 24 hours after an oral dose.

6.2.2 Distribution

Distribution of enalapril into human body tissues and fluids has not been fully
characterized. Approximately 50-60% of enalaprilat is bound to plasma proteins. Two
binding sites have been identified, a low-affinity, high-capacity site and a high-affinity,
low-capacity site. Drug bound to the latter site may represent enalaprilat bound to
circulating serum ACE, possibly accounting for the prolonged terminal elimination of
the drug.

Information on distribution into the CNS is limited, but enalapril appears to
cross the blood-brain barrier poorly, if at all, and enalaprilat does not appear to
distribute into the CNS. The drug did not accumulate in any tissue following multiple-

dose administration in animals. The drug crosses the placenta. In a premature neonate
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(35 weeks’ gestation) whose mother received 20 mg of enalapril maleate daily for 17
days prior to delivery, plasma enalaprilat concentration soon after birth in the neonate

was 28 ng/mL. Enalapril and enalaprilat are distributed into milk in trace amounts.

6.2.3 Elimination

Following oral administration, the half-life of unchanged enalapril appears to
be less than 2 hours in healthy individuals and in patients with normal hepatic and
renal functions, but may be increased in patients with congestive heart failure.
Followeing oral administration of a single 5- or 10-mg dose of enalapril maleate in
patients with congestive heart failure, the half-life of enalapril was 3.4 or 5.8 hours,
respectively. Serum concentrations of enalaprilat, the active metabolite of enalapril,
appear to decline in a multiphasic manner. Elimination of enalaprilat may also be
prolonged in patients with congestive heart failure or impaired hepatic function
compared with healthy individuals and patients with hypertension. Observations of
serum concentrations of enalaprilat over long periods following oral or IV
administration suggest that enalaprilat has an average terminal half-life of about 35-38
hours (range: 30-87 hours). The observed prolonged terminal phase may actually
reflect enalaprilat binding to the high-affinity, low-capacity binding site of circulating
serum ACE. The effective half-life for accumulation of enalaprilat (determined from
urinary recovery) has been reported to average about 11 hours in healthy individuals
with normal renal function.

Peak and trough enalaprilat concentrations and areas under the serum
concentration-time curves (AUCs) may increase, time to peak and steady-state serum
concentration may be delayed, and the effective half-life for accumulation may be
prolonged in patients with impaired renal function. In patients with creatinine
clearances less than 30 mL/minute, the effective half-life for accumulation of
enalaprilat following multiple doses of enalapril maleate is prolonged. In patients with

moderate renal impairment (i.e., creatinine clearances of 30-60 mL/minute), this half-
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life 1s not substantially prolonged, and there appears to be a lack of correlation between
AUCs and creatinine clearance. Decreased urinary excretion of enalapril may increase
the extent of hydrolysis of enalapril to enalaprilat or may increase extrarenal
elimination of the drug (e.g., via biliary excretion).

About 60% of an absorbed dose of enalapril is extensively hydrolyzed to
enalaprilat, principally in the liver via esterases. About 20% appears to be hydrolyzed
on first pass through the liver, this hydrolysis does not appear to occur in plasma in
humans. Enalaprilat is a more potent ACE inhibitor than enalapril. There is no
evidence of other metabolites of enalapril in humans, rats, or dogs. However, a
despropyl metabolite of enalaprilat was identified in urine in rhesus monkeys,
accounting for 13% of an oral dose of enalapril maleate. Hydrolysis of enalapril to
enalaprilat may be delayed and/or impaired in patients with severe hepatic impairment,
but the pharmacodynamic effects of the drug do not appear to be significantly altered.

Following oral administration, enalapril and enalaprilat are excreted in urine
and feces. In healthy individuals, a mean of 60-78% (a mean of 43-56% as enalaprilat
and the remainder as unchanged drug) of a 10-mg oral dose of enalapril maleate is
excreted in urine within 24-48 hours. In a multiple-dose study (10 mg daily) in healthy
individuals with normal renal function, urinary excretion of enalaprilat and total drug
increased during the first 4 days of therapy and then stabilized; urinary excretion of the
metabolite averaged 45% of the cumulative dose and that of total drug averaged 62%.
It is not known whether enalapril and enalaprilat excreted in feces represent
unabsorbed drug or that excreted via biliary elimination. Biliary excretion of enalapril
and enalaprilat occurs in animals; however, this route of elimination has not been
demonstrated in humans.

Renal clearance of enalaprilat and enalapril are reported to be approximately
100-158 and 300 mL/minute, respectively, in adults with normal renal function. The
higher renal clearance of enalapril compared with that of the metabolite may indicate

some degree of active tubular secretion of unchanged drug. Renal clearance may be



34

decreased in hypertensive patients. In geriatric individuals, renal clearance and/or

volume of distribution may decrease.

Enalaprilat is removed by hemodialysis. The amount of drug removed during

hemodialysis depends on several factors (e.g., type of coil used, dialysis flow rate);

however, the hemodialysis clearance of enalaprilat is reportedly 62 mL/minute.

Enalaprilat also appears to be removed by peritoneal dialysis. [21]

6.3 Dosage and administration

Use lower listed initial dose in patients with hyponatremia, hypovolemia,

severe congestive heart failure, decrease renal function, or in those receiving diuretics.

Table 3: Dosage of enalapril and enalaprilat in children and adults [23]

Age / Route of Disease Dosage and administration
administration
Hypertension -initial 0.08 mg/kg (up to 5 mg) once daily
-adjust dosage based on patient response
-doses >0.58 mg/kg (40 mg) have not been evaluated in
pediatric patients
Children Congestive heart | -initial 0.1 mg/kg/day increasing as needed over 3 weeks

(1-16 years)

failure to 0.5 mg/kg/day have been used in infants

(investigational)

Neonatal IV doses of enalaprilat

hypertension -5-10 mecg/kg/dose administered every 8-24 hours have been used

(investigational)

-monitor patients carefully, select patients may require higher doses
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Table 3: Dosage of enalapril and enalaprilat in children and adults (cont.)

Age / Route of Disease Dosage and administration
administration
Hypertension -2.5-5 mg/day then increase as require, usual therapeutic dose for

hypertension : 10-40 mg/day in 1-3 divided doses
-initiate with 2.5 mg if patient is taking a diuretic which cannot be
discontinued. May add a diuretic if blood pressure cannot be

Adults
controlled with enalapril alone.

(oral - Congestive heart As standard therapy alone or with diuretics, beta-blockers,

enalapril )

failure

and digoxin, initiate with 2.5 mg once or twice daily

(usual range : 5-20 mg/day in 2 divided doses; target: 40 mg

Asymptomatic left

2.5 mg twice daily, titrate as tolerated to 20 mg/day

ventricular
dysfunction
Hypertension -1.25 mg/dose, given over 5 minutes every 6 hours; doses as high as
5 mg/dose every 6 hours have been tolerated for up to 36 hours.
-If patients are concomitantly receiving diuretic therapy, begin with
0.625 mg IV over 5 minutes
-If the effect is not adequate after 1 hour, repeat the dose and
Adults
administer 1.25 mg at 6-hour intervals thereafter; if adequate,
(IV : administer 0.625 mg IV every 6 hours.
enalaprilat) Congestive = heart | -Avoid IV administration in patients with unstable heart failure
failure or those suffering acute myocardial infarction.
Conversion  from | -if not concurrently on diuretics : 5 mg once daily, subsequent
IV to oral titration as needed.
therapy -if concurrently receiving diuretics and responding to

0.625 mg IV every 6 hours, initiate with 2.5 mg/day.
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6.3.1 Dosing adjustment in renal impairment

Table 4: Dosage of enalapril and enalaprilat in renal impairement patients [23]

Route of Creatinine clearance Dosage and administration
administration
Oral Cler 30-80 mL/min 5 mg/day tlitrated upwares to maximum of 40 mg
enalapril Cler < 30 mL/min 2.5 mg/day titrated upward until blood pressure is controlled
Heart failure patients | with sodium < 130 mEqg/L or serum creatinine > 1.6 mg/dL
initiate dosage with 2.5 mg/day, increasing to twice daily as needed
increase further in increments of 2.5 mg/dose at >4-day
itervals to a maximum daily dose of 40 mg
v Cler >30 mL/min Initiate with 1.25 every 6 hours and increase dose based on response
enalaprilat Cler <30 mL/min Initiate with 0.625 mg every 6 hours and increase dose based on response
Moderately dialyzable (20-50%); administer dose postdialysis (e.g., 0.625 mg IV every 6 hours)
Hemodialysis

or administer 20-25% supplemental dose following dialysis; Clearance: 62 mL/min.

Peritoneal dialysis

Supplemental dose is not necessary, although some removal of drug occurs.

6.3.2 Dosing adjustment in hepatic impairments

Hydrolysis of enalapril to enalaprilat may be delayed and/or impairment, but

the pharmacodynamic effects of the drug do not appear to be significantly altered; no

dosage adjustment. [23]
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6.4 Adverse effects

6.4.1 Nervous system effects

Headache and dizziness occure in about 5% of patients receiving enalapril
alone for hypertension, requiring discontinuance in 0.4 and 0.3% of patients,
respectively, and occur in about 6 and 9%, respectively, of hypertensive patients
receiving the drug in fixed combination with hydrochlorothiazide. In patients receiving
enalapril for congestive heart failure, dizziness and headache occurred in
approximately 8 and 2% of patients, respectively, and required discontinuance of the
drug in 0.6 and 0.1%, respectively. Headache has been reported in about 3% of patients
receiving enalaprilat. Fatigue has occurred in about 3% of patients receiving the drug
alone for hypertension, requiring discontinuance in less than 0.1%, and has occurred in
about 4% of hypertensive patients receiving the drug in fixed combination with
hydrochlorothiazide. Fatigue, fever, and dizziness have been reported in 0.5-1% of
patients receiving enalaprilat. Vertigo has occurred in about 2% of patients receiving
enalapril for congesticve heart failure and required discontinuance in about 0.1% of
patients. Insomnia, nervousness, peripheral neuropathy (e.g., paresthesia, dysesthesia,
asthenia, and somnolence occur in about 0.5-2% of patients receiving enalapril alone or
in fixed combination with hydrochlorothiazide. Hyperesthesia of the oral mucosa, CNS
depression, malaise, nightmares, confusion, ataxia, and coldness of the extremities

have been reported rarely.

6.4.2 GI effects

Diarrhea and nausea occur in about 1-2% of patients with hypertension
receiving enalapril alone of in fixed combination with hydrochlorothiazide and in
patients with congestive heart failure receiving the drug, and have required
discontinuance of the drug in 0.2% or less of patients. Nausea has been reported in

about 1% of patients receiving enalarpilat. Abdominal pain, vomiting, stomatitis, and
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dyspepsia occur in 0.5-2% of patients receiving enalapril, and ulceration of the oral
mucosa, ileus, melena, anorexia, glossitis, dry mouth, and flatulence have been
reported rarely. Constipation has been reported in 0.5-1% of patients receiving

enalaprilat.

6.4.3 Hepatic effects

A clinical syndrome that usually is manifested initially by cholestatic jaundice
and may progress to fulminant hepatic necrosis (which occasionally may be fatal), has
been reported rarely in patients receiving ACE inhibitors. The mechanism of this

reaction is not known.

6.4.4 Cardiovascular effects

The most frequent adverse cardiovascular effect of enalapril or enalaprilat is
hypotension (including postural hypotension and other orthostatic effects), which
occurs in about 1-2% of patients with hypertension and in about 5-7% of those with
congestive heart failure, following an initial dose or during extended therapy. Syncope
occurred in approximately 0.5 or 2% of patients with hypertension or congestive heart
failure, respectively. Hypotension or syncope has required discontinuance of therapy in
about 0.1 or 2% of patients with hypertension or congestive heart failure, respectively,
receiving enalapril. Enalapril-induced hypotension may occasionally be alleviated by
dosage reduction, but severe hypotension has also occurred after low doses (i.e., a
single 2.5- or 5-mg dose) of the drug. Orthostatic hypotension appears to occur more
frequently during initiation of therapy and in patients with sodium depletion or
hypovolemia. The risk of orthostatic hypotension associated with concomitant use of
enalapril and a diuretic may be affected by the sequence of initiation of therapy with
each drug; the risk may be higher when enalapril is added to diuretic therapy than

when a diuretic is added to enalapril therapy.
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When enalapril was used in fixed combination with hydrochlorothiazide in
clinical trials in hypertensive patients, hypotension, orthostatic hypotension, and other
orthostatic effects occurred in 0.9, 1.5, and 2.3% of patients, respectively. Syncope
occurred in 1.3% of patients receiving the fixed combination, but the frequency of this
effect can be minimized by proper titration of each drug separately and substitution
with the combination preparation only when the optimum dosages correspond to the
fixed ratio in the preparation.

Palpitation and chest pain occur in about 0.5-2% of patients with hypertension
receiving enalapril alone or in fixed combination with hydrochlorothiazide.
Tachycardia, bradycardia, and development or worsening of Raynaud’s phenomenon
have been reported rarely in patients receiving the drug. Cardiac arrest or
cerebrovascular accident, possibly secondary to excessive hypotension in high-risk
patients, pulmonary embolism and infarction, pulmonary edema, rhythm disturbances
(including atrial tachycardia and bradycardia), flushing, and atrial fibrillation have
been reported in about 0.5-1% of patients with hypertension or congestive heart failure.
Angina or myocardial infarction was reported in about 1-1.5% of patients receiving
enalapril for congestive heart failure in controlled and uncontrolled studies, and
required discontinuance in about 0.1-3.0% of patients, but a similar incidence for these
effects was reported in patients receiving placebo in controlled studies. Myocardial

infarction was reported in 0.5-1% of patients receiving enalaprilat.

6.4.5 Renal effects

Deterioration in renal function, manifested as transient increases in BUN and
serum creatinine concentrations, has occurred in about 20% of patients with
renovascular hypertension, especially those with bilateral renal-artery stenosis or those
with renal-artery stenosis in a solitary kidney. This effect was usually reversible
following discontinuance of enalapril and/or diuretic therapy. Renal function should be

monitored closely during the first few weeks of therapy in these patients. Transient
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increases in BUN and serum creatinine concentrations have also occurred in about
0.2% of patients with hypertension, but without preexisting renal vascular disease, who
were receiving enalapril alone. These effects occur more frequently in patients
recelving concomitant diuretic therapy, in patients with congestive heart failure, and in
patients with some degree of preexisting renal dysfunction. Dosage reduction of
enalapril and/or dosage reduction or discontinuance of diuretic therapy may be
necessary. The rapidity of onset and magnitude of enalapril-induced renal insufficiency
in patients with congestive heart failure may depend in part on the degree of sodium
depletion. Acute reversible renal failure, flank pain, oliguria, uremia, glycosuria, and
proteinuria have been reported rarely in patients receiving enalapril. Urinary tract
infection has been reported in about 1% of patients receiving enalapril for congestive
heart failure in controlled and uncontrolled studies, but this effect occurred in about 2%
of patients receiving placebo in controlled studies.

Because the rennin-angiotensin system appears to contribute substantially to
maintenance of glomerular filtration in patients with congestive heart failure in whom
renal perfusion is severely compromised, renal function may deteriorate markedly
during therapy with an ACE inhibitor in these patients. Such drug-induced
deterioration is generally well tolerated, and does not wusually necessitate
discontinuance of effective therapy with the drug when symptomatic improvement of
the heart failure occurs. In addition, the magnitude of deterioration in renal function
can usually be ameliorated by reducing the dosage of concomitantly administered
diuretics and/or by liberalizing dietary sodium -intake, since concomitant diuretic
therapy and/or sodium restriction potentially increase the role of angiotensin II in
maintaining glomerular filtration in these patients. In patients in whom renal perfusion
pressure is very low and is further reduced by ACE-inhibitor therapy, however,
deterioration in renal function may be clinically important. Patients with concomitant
underlying diabetes mellitus may be at particular risk for developing renal

insufficiency during ACE-inhibitor therapy. In some patients with severe congestive
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heart failure, with or without associated renal insufficiency, treatment with an ACE
inhibitor, including enalapril, may be associated with oliguria and/or progressive
azotemia, and rarely with acute renal failure and/or death. The risk of developing
function renal insufficiency appears to be higher during therapy with a long-acting

ACE inhibitor such as enalapril than with a short-acting inhibitor.

6.4.6 Dermatologic and hypersensitivity reactions

The most frequent adverse dermatologic effect of enalapril is rash, which
occurs in about 1.5% of patients and is usually maculopapular and rarely urticarial.
Rash may sometimes be accompanied by pruritus, erythema, or eosinophilia, and has
required discontinuance of the drug in approximately 0.3% of patients. Pruritis, without
rash, and excessive sweating have been reported in 0.5-2% of patients receiving
enalapril alone or in fixed combination with hydrochlorothiazide. Alopecia has been
reported in 0.5-1% of patients receiving enalapril. A symptom complex, consisting of
positive ANA titer, increased erythrocyte sedimentation rate (ESR), arthralgias and/or
arthritis, myalgias, fever, serositis, vasculitis, leukocytosis, eosinophilia,
photosensitivity, rash, and other dermatologic reactions has been reported in 0.5-1% of
patients receiving enalapril therapy. Exfoliative dermatitis, toxic epidermal necrolysis,
Stevens-Johnson syndrome, pemphigus, herpes zoster, and erythema multiforme have
been reported rarely in patients receiving enalapril therapy.

Severe, sudden anaphylactoid reactions, which can be fatal, have been reported
following initiation of hemodialysis that utilized a high-flux polyacrylonitrile [PAN]
membrane (e.g., AN 69®) in patients receiving an'ACE inhibitor. Manifestations of
these reactions included nausea, abdominal cramps, burning angioedema, and shortness
of breath; progression to severe hypotension can develop rapidly. Dialysis should be
stopped immediately and aggressive supportive and symptomatic therapy should be
initiated as indicated. Antihistamines do not appear to be effective in providing

symptomatic relief. While it currently does not seem to be necessary to exclude the use
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of ACE inhibitors in patients undergoing hemodialysis that involves PAN membranes,
caution should be exercised during concomitant use. The mechanism of this interaction
has not been established, and the incidence and risk of its occurrence remain to be
elucidated. The possibility that ACE inhibitors may precipitate similar reactions in
patients undergoing hemodialysis involving other membrane types (new or reprocessed)

should be considered.

6.4.7 Hematologic effects

Decreases in hemoglobin and hematocrit averaging approximately 0.3 g/dL and
1%, respectively, occur frequently in hypertensive patients receiving enalapril alone or
in fixed combination with hydrochlorothiazide, but rarely are clinically important
unless another cause of anemia also exists. Enalapril-induced anemia has required
discontinuance of therapy in less than 0.1% of patients. Hemolytic anemia, including
cases of hemolysis in a few patients with glucose-6-phosphate-dehydrogenase (G-6-PD)
deficiency, has been reported in patients receiving enalapril maleate therapy; a causal
relationship has not been established.

Neutropenia (less than 1000 neutrophils/mm3) and agranulocytosis, both
associated with myeloid hypoplasia, have occurred rarely in patients receiving
captopril. Several cases of neutropenia, agranulocytosis, or thrombocytopenia have
been reported, and a causal relationship to enalapril cannot be excluded. Because of
pharmacologic and structural similarities between captopril and enalapril and the
current lack of sufficient data to establish the relative risk of these adverse hematologic
effects in patients receiving enalapril, the possibility that bone marrow depression,
neutropenia, and agranulocytosis could occur in patients receiving enalapril should be

considered.
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6.4.8 Effects on taste

Loss of taste perception and decrease in taste acuity have been reported
infrequently during enalapril therapy. Hyperesthesia of the oral mucosa has occurred in
at least one patient receiving enalapril but was reversible following discontinuance of
the drug. Patients with intolerable captopril-induced taste disturbances may tolerate

enalapril better.

6.4.9 Effects on potassium

Although small increases (i.e., by an average of 0.2 mEq/L) in serum potassium
concentrations frequently occur in patients receiving enalapril without a thiazide
diuretic, hyperkalemia (i.e., increases to greater than 5.7 mEg/L) occurs in
approximately 1 or 4% of patients with hypertension or congestive heart failure,
respectively, receiving the drug. In most cases, these were isolated increases that
resolved despite continued therapy with the drug; however, hyperkalemia required
discontinuance of enalapril therapy in about 0.3% of patients receiving the drug for
hypertension. Hyperkalemia is less frequent in patients receiving enalapril and
hydrochlorothizide concomitantly, occurring in about 0.1% of patients. Patients with
diabetes mellitus, impaired renal function, or congestive heart failure and patients
concomitantly receiving drugs that can increase serum potassium concentration (e.g.,
potassium-sparing diuretics, potassium supplements, potassium-containing salt
substitutes) may be at increased risk of developing hyperkalemia during enalapril
therapy; serum potassium concentration should be monitored frequently in these
patients, and potassium intake should be controlled and therapy with drugs that can
increase serum potassium modified or discontinued as necessary. The manufacturer
recommends that potassium-sparing diuretics generally no be used in patients receiving

enalapril for congestive heart failure.
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6.4.10 Respiratory effects

Cough has been reported in 1.3 or 3.5% of patients receiving enalapril alone or
in fixed combination with hydrochlorothiazide for hypertension, respectively, and in
about 2% of those receiving the drug for congestive heart failure; discontinuance of the
drug was required in less than 0.5% of patients. Nonproductive cough, particularly at
night, may occur more frequently, especially in patients with chronic obstructive
pulmonary disease. Some clinicians state that cough often is overlooked as apotential
adverse effect of ACE inhibitors. The cough generally is persistent, is not associated
with other respiratory symptoms, and is reversible following discontinuance of the
drug. Nasal congestion also has been reported. It has been suggested that accumulation
of kinins in the respiratory tract secondary to ACE inhibition may in part be
responsible for cough and nasal congestion. If cough develops in a patient receiving
enalapril, ACE inhibitor-induced cough should be considered as part of the differential
diagnosis.

Dyspnea and wheezing, which may persist if therapy with the drug is continued,
have been reported in about 1% or less of patients receiving enalapril. Pneumonia or
bronchitis has been reported in about 1% of patients receiving enalapril for congestive
heart failure. Asthma, upper respiratory infection, bronchospasm, pulmonary infiltrates,
and rhinorrhea also have been reported in patients receiving enalapril maleate therapy.
Angioedema has occurred in 0.2 or 0.6% of patients receiving enalapril alone or in
fixed combination with hydrochlorthiazide, respectively, and if associated with

laryngeal edema, may be fatal.
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6.4.11 Other adverse effects

Muscle cramps, and impotence have been reported in 0.5-1% of patients
receiving enalapril alone, and decreased libido has been reported rarely. These effects
have occurred more frequently when the drug was administered in fixed combination
with hydrochlorothiazide. Hearing loss, which was reversible following discontinuance
of the drug, has been reported rarely; however, the mechanism of this adverse effect is
not known. Pancreatitis, hepatitis or cholestatic jaundice, hepatic failure, sore throat,
hoarseness, anosmia, conjunctivitis, dry eyes, tearing eyes, gynecomastia, and myalgia
have been reported in patients receiving enalapril. Vulvovaginal pruritus, burning
urination, and dysuria were reported in at least one patient receiving enalapril.
Although a definite causal relationship to enalapril has not been established, elevations
of serum hepatic enzymes and/or bilirubin concentrations have been reported rarely
when enalapril was administered alone or in fixed combination with

hydrochlorothiazide. [21]



CHAPTER III

PATIENTS AND METHODS

1. Patients

Patients with chronic kidney disease from Kidney Foundation of Thailand who
had been on maintenance hemodialysis for at least 1 year, were treated with enalapril at
least for 4 months during July 1997 to June 2005 were screened into this study. Among
these fifty-seven patients, twenty three of them were monitored for 8 months while

thirteen of them were monitored for 12 months.

2. Study design

This study was a retrospective, before-after taking/stop taking enalapril

crossover design.

3. Subjects

Subjects were included into the study based on the follow screening criteria:

Inclusion criteria
Patients who met all of the following criterias were selected into this study:
1. He/she was at least twenty years old.
2. He/she had chronic kidney disease and received hemodialysis at the Kidney
Foundation of Thailand.

3. He/she was on maintenance hemodialysis for at least 1 year.
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He/she was dialysed two to three times a week.

He/she who was treated with enalapril before recruiting to the study, had to
take stable dosage of enalapril for at least 4 months.

He/she who received erythropoietin before recruiting to the study, had to
receive stable dose of erythropoietin at least 4 months before taking/stop
taking enalapril and 4 months after taking/stop taking enalapril, as shown in

figure 5.1.

Exclusion criteria

the study:
1.
2.

Patients who had at least one of the following criterias were excluded from

He/she was allergy to enalapril.

He/she had allergy history to ACE inhibitors or angiotensin II receptor
blockers (ARBs).

He/she was required to be treated with packed red cell or parenteral iron
supplement within 4 months before taking/stop taking enalapril and 4
months after taking/stop taking enalapril.

He/she was required to give or changed the dosage of erythropoietin within
4 months before taking/stop taking enalapril and 4 months after taking/stop
taking enalapril.

He/she was required to stop or change the dosage of enalapril within 4
months before taking/stop taking enalapril and 4 months after taking/stop
taking enalapril.

He/she was admitted into the hospital for more than 7 days.
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4. Sample size

The sample size of this study was calculated from this formula

N = (Zg+Zg)'XSp’

2

D
A sample-size determination was based on data obtained from a retrospective
study; the special problem report (The effect of angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin II blockers (ARBs) to erythropoietin dose in

hemodialysis patients at Rajavithi Hospital).[24]

Where N = number of sample size
Sp = standard deviation of hematocrit level
S1 = the patients who were received erythropoietin; n=8 S1=2.71

S2 = the patients who were received erythropoietin and ACEI/ARB; n=6, S2=1.15

_11c 2 = 2 = 2 -~ 2
Sp? :[nl 10S,” +[n, -1]S, :[8 1]2.71° +[6 - 1]1.15 _ 4.84%
I} -+ M=z 8+6-2
Zg at95% CI 3 Zo o= 1.96
Power of 80% ; ZB = 0.84

Clinical difference; D = 4 means that if the defference in hematocrit levels
before taking/stop taking enalapril and after taking/stop taking enalapril for 4 months
were more than or equal to 4% ( percentage by volume of packed red blood cells

(RBCs) in a whole blood sample), there were statistically significant different.
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The sample size was then calculated to be:

[1.96+0.84]24.842

. 12

N /group =

After a 20% dropout augmentation for potential dropouts, a sample size of 15 is
needed to detect the predefined difference of 4% using a 95% two-tail and 80% one-

tail significance for oL and [3 errors, respectively.

5. Steps of the study

1. The protocol of this study had to be approved by the Ethic Committee of Rajavithi
Hospital.

2. Investigator prepared all the materials required in this study (instrument and record
forms).

3. The patients were recruited into the study based on the inclusion/exclusion
criterias.

4. The demographic data of patients who met the inclusion criterias were collected;
gender, age, dry weight, height, duration of hemodialysis, frequency of dialysis,
causes of chronic kidney disease, and comorbid conditions.

5. Laboratory data of patients before taking/stop enalpril and after taking/stop
enalapril for 4 months were recruited; blood urea nitrogen (BUN), serum
creatinine, uric acid, serum sodium, serum potassium, serum chloride, serum
bicarbonate, serum = calcium, serum phosphate, serum  albumin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), intact parathyroid
hormone (iPTH), serum ferritin, total iron-binding capacity (TIBC), and serum
iron.

6. The initiation of the study was the time when the patients start or stop taking

enalapril.
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7. The enrolled patients were categorized into two groups;

7.1. The patients who had not taken enalapril at least 4 months before and then start
taking enalapril (Subgroup I; A01-A48) for 4 months (and/or for 8 and/or 12
months).

7.2. The patients who had taken enalapril at least 4 months before and then stop
taking enalpril (Subgroup II; BO1-B09) for 4 months.

If the patients had taken enalapril before, then, stop taking enalapril and start
taking enalapril again, the patients should stop taking enalapril for at least 4 months
(wash out period) before start taking enalapril again. These patients were classified
into the same group as 7.1.

8. Monitored and recorded the following data:
8.1.  The dosages of enalapril and erythropoietin that the patients were received.
8.2. Hematocrit levels of patients at time before taking/stop taking enalapril and
after taking/stop taking enalapril for 4 months. For patients who were on
stable dosages of enalapril and erythropoietin for 8 months or 12 months,
the hematocrit levels were also recorded at the 4" week of the 8" month and
the 12" month of the patients who were monitored for 8 and 12 months

respectively.

6. Statistical analysis

Analysis was conducted by using the data analysis software (‘SPSS for window

version 11.5).

1. Descriptive statistics
1.1. Demographic data of all patients were presented as descriptive statistic

(meanxSD).
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2. Inferential statistics

2.1. Laboratory data of all patients before taking/stop taking enalapril and after
taking/stop taking enalapril for 4 months were compared by using Paired T-
test (most of the time, significant levels were set at p-value <0.05).

2.2. Hematocrit levels before taking/stop taking enalapril and after taking/stop
taking enalapril for 4, 8 and 12 months were compared by using Paired T-test
(most of the time, significant levels were set at p-value <0.05).

2.3. The percentage of changes of Hematocrit levels in patients who were taking
enalapril in different doses (<5, 10, 20 and 40 mg/day) were compared by
using independent T-test and ANOVA analysis, significant levels were

normally set at p-value <0.05.

Subgroup |
Take enalapril
No enalapril ;

S

-4 months .
0 (study point) 4 months 8 months 12 months
Subgroup 11
Take enalapril No enalapril

——

~4 months 0 (study point) 4 months

Figure 5.1: Flow chart showing the study point (time 0) of the two subgroups.
-Subgroup I means the patients who did not take enalapril at least 4 months before the
study and then took enalapril for 4, 8 and 12 months.

-Subgroup II means the patients who took enalapril at least 4 months before the study

and then stop taking enalapril for 4 months.
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Recruited patients based on inclusion/exclusion criterias

Recorded demographic and laboratory data

\ 4

Subgroup I

Taking enalpril (constant dose)

[with / without erythropoietin (constant dose)]

\ 4

4 months
y

Subgroup I1

Not taking enalapril more than 4 months

[with / without erythropoietin (constant dose)]

-Hct level before stop taking enalapril **
[at the 4" wk of the 4" mo]
-Then stop taking enalapril

[with / without erythropoietin (constant dose)]

4 months

-Hct level after stop taking enalapril for 4 months
[at the 4" wk of the 4" mo]

-other laboratory data

4 months
y

-Hct level before start taking enalapril **
[at the 4" wk of the 4" mo]
-Then start taking enalapril (constant dose)

[with / without erythropoietin (constant dose)]

l 4 months

v

Analysis of the data <

-Het level after taking enalapril for 4 months
[at the 4" wk of the 4" mo]

-other laboratory data

-continue on the same dosage of enalapril

and erythropoietin

8 months

-Hct level after taking enalapril for 8 months
[at the 4" wk of the 8" mo]
-continue on the same dosage of enalapril

and erythropoietin

i 12 months

Figure 5.2: Flow chart of the study

Hct level after taking enalapril for 12 months

[at the 4" wk of the 12" mo]




CHAPTER IV

RESULTS

1. Demographic data

Fifty-seven patients completed this study, their demographic data were
summarized in table 5, the detail characteristics of each individual patient were
presented in appendix A.

There were thirty-five men and twenty-two women with a range of age 22-63
years with the mean age equaled to 41.36 + 11.28 years. The mean duration under
hemodialysis treatment at the beginning of the study was 4.91 + 3.35 years (range 1-
15). Mean frequency of hemodialysis was 2.53 times per week (range 2-3). The three
most common caused of chronic kidney disease were glomerulonephritis found in 20
patients (35.1%), hypertension found in 9 patients (15.8%) and diabetic nephropathy
found in 5 patients (8.8%). Most common comorbid condition was hypertension

(57.9%).



Table 5 : Demographic data of the patients
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Demographic data

Number of patients
N = 57(%)

Sex

Male

Female
Mean age (yrs) =41.36+11.28 (range; 22 - 63)
Mean dry weight (kg) = 52.48 + 11.04 (range; 33.50 - 95.00)
Mean height (cm) = 159.71 + 8.38 (range; 145 - 195)
Duration of hemodialysis (yrs) = 4.91 =+ 3.35 (range; 1-15)
Frequency of dialysis (times/wk) = 2.53 + 0.50 (range; 2 - 3)

35 (61.4%)
22 (38.6%)

Causes of chronic kidney disease
Glomerulonephritis : Biopsy-proven

-Focal Segmental Glomerulonephritis 1 (1.8%)
-IgA Nephropathy 1 (1.8%)
-Mesangial proliferative [gM Nephropathy 2(3.5%)
-Crecentric Glomerulonephritis (RPGN) 1(1.8%)
Glomerulonephritis : Presumed (no biopsy) 20 (35.1%)
Diabetic Nephropathy 5 (8.8%)
Hypertension 9 (15.8%)
Cystic Kidney Disease 1 (1.8%)
Obstructive Nephropathy, CTIN 4 (7.0%)
Lupus Nephritis 1 (1.8%)
Allograft Dysfunction 1 (1.8%)
Unknown 10 (17.5%)
No data 1(1.8%)
Comorbid condition
Chronic Heart Failure (CHF) 1(1.8%)
Hypertension (HTN) 33 (57.9%)
Acute Myocardial Infarction (AMI).or Unstable Angina 3(5.3%)
(UA) and HTN
CHF and HTN 7 (12.3%)
HTN and DM 1(1.8%)
AMI or UA and CHF and HTN 1(1.8%)
AMI or UA and HTN and DM 2 (3.5%)
AMT or UA and CHF and HTN and DM 2 (3.5%)
None 2 (3.5%)
No data 5(8.8%)
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2. Laboratory data

Laboratory data of the patients, before and after study for 4 months, were
summarized in table 6. There were no significant changes with regard to laboratory
data except for serum potassium (p=0.037). The serum potassium was increased after
the patients took enalapril for 4 months. This statistically significant change in serum

potassium was hyperkalemia that caused by the adverse effect of enalapril.

Table 6 : Laboratory data of the patients

Before study After study for P-
Serum chemistry N (range) N 4 months (range) value
mean+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 5.50-24.20 55 10.84+2.58 5.4-18.58 | 0.107
Uric acid 50 7.32+2.04 2.90-11.70 49 7.44+1.79 43-114 0.890
Sodium 57 140.71+2.99 132-148 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 57 100.89+3.57 91.80-109 56 101.224+4.62 93-119 0.507
Bicarbonate 57 23.87+4.98 2.5-31 57 24.09+3.43 15-33 0.781
Calcium 56 9.55+1.43 2.64-13.30 55 9.45+1.86 24-14.4 0.750
Phosphate 57 4.91+1.78 1.43-11 55 4.92+1.93 0.66-9.2 0.961
Albumin 50 4.19+0.39 3.3-54 52 4.10+0.37 2.8-4.7 0.078
SGOT (AST) 16 19.63+12.01 9-45 21 18.95+12.59 4-58 *x
SGPT (ALT) 16 18.44-+14.44 6-50 21 20.09+24.90 5-125 **
Parathyroid hormone | 26 | 304.39+317.41 5.58-1361 26 | 475.61+£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 *x
TIBC 7 169.75+106.46 | 25.08-271 9 255.01+97.54 39-346 *x
Serum Iron 6 68.67£16.97 49-92 8 86.63+37.96 13-130 o

* laboratory data comparison before and after taking enalapril

** number of subjects was too small for valid statistical calculation.
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3. Effects of enalapril on Hct levels of patients

Hct levels of 57 patients while they did and did not take enalapril were shown
in table 7. These 57 patients could be divided into two subgroups. Subgroup I
composed of patients who were recruited while they were not taking enalapril, then,
enalapril was started and their Het levels were monitored for the next 4 months and
compared with their Hct levels before taking enalapril, the result was shown in table 8.
Subgroup II composed of patients who were taking enalapril while they were recruited
into the study, then, enalapril was stopped and Hct levels were monitored for the next 4
months since they stopped taking enalapril, these Het levels were compared and shown
in table 9.

The results from table 7, table 8 and table 9, all indicated that Hct levels were
statistically significantly lower while taking enalapril.

The percentage of changes were not significantly different between the two

subgroups.

Table 7 : Comparison of Hct levels while taking and not taking enalapril.

Hct levels % (mean+SD) N=57

Take enalapril Not taking enalapril P-value

30.11+5.96 27.16+5.88 <0.001




Table 8 : Comparison of Hct levels before taking enalapril and after taking enalapril for 4 months.

57

Subgroup I patients Hct before start Hct after taking enalapril for | Percentage of change P-value

(N=48) enalapril %(mean+SD) 4 months %(mean+SD) (mean+SD)
Patient who were recruited while not 29.85+6.05 26.79+5.99 -10.16+9.95 <0.001
taking enalapril then start taking
enalapril

Table 9 : Comparison of Hct levels while taking enalapril and after stop taking enalapril for 4 months.
Subgroup II Patients Hct after stop taking enalapril for Hct when taking Percentage of change P-value

(N=9) 4 months %(mean+SD) enalapril %(mean+SD) (mean+SD)

Patient who were recruited while 31.4445.59 29.11£5.11 -7.05 £7.52 0.025

taking enalapril then stop taking

enalapril

* comparison percentages of change between subgroup Iand subgroup II (p-value =0.377)
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4. Effects of dosages of enalapril on Hct levels of patients

In order to see the effects of different dosages of enalapril on Hct levels, the 57
patients included into the study were categorized into 4 subgroups based on the doses of
enalapril that they were taking. The result in table 10 indicated that Hct levels of the
patients were statistically significantly decreased while taking either dosage of enalapril,
even when the dosage was as low as 2.5-5 mg/day. The dosage of 10 mg/day of enalapril
caused significantly higher percentage of decrement in Hct levels when compared with
the dosage of 2.5-5 mg/day, as shown in table 11. Higher than 10 mg/day dosage of
enalapril did not show further decrement in Hct levels. The dosages of enalapril would
therefore be categorized into two groups only i.e., lower than than 10 mg/day (low dose)
and 10 mg/day or higher (high dose). Comparisons of the effect of high and low doses of
enalapril on the percentages of change in Hct level were shown in table 12. The

defference was significant at p=0.090.



Table 10 : Effects of different dosages of enalapril on Hct levels.

Dose of enalapril N Het levels % (mean+SD) Percentage of change p-value
(57) | Not taking enalapril take enalapril (mean+SD)
2.5-5 mg/day 25 29.96+5.54 27.72+5.09 -7.22+7.30 <0.001
10 mg/day 13 28.54+5.24 24.31+5.92 -14.87+12.63 0.002
20 mg/day 12 31.33+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

Table 11 : Comparisons of percentage of changes in Hct levels between different dosages of enalapril

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 L . -
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Table 12 : Effects of high and low doses of enalapril on Het levels.
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Dose of enalapril N Hct levels % (mean+SD) Percentage of change p-value
(57) | Not taking enalapril Take enalapril (meantSD)
Low dose Enalapril (< 10 mg/day) | 25 29.96+5.54 27.72+5.09 -7.23+£7.30 <0.001
High dose Enalapril (> 10 mg/day) | 32 30.22+6.35 26.72+6.48 -11.58+10.83 <0.001
p-value 0.873 0.529 0.090
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5. Effects of erythropoietin on percentage of Hct change caused by enalapril

The inclusion criteria required only that the dosage of erythropoietin should be
constant throughout the study, therefore the patients could be included into the study
whether or not they were treated with erythropoietin. Table 13 showed that there were
statistically significant decrement in Hct levels while taking enalapril in both groups of
patients either untreated or treated with erythropoietin. The percentage of decreasing of
the group without erythropoietin was higher than the percentage of decreasing of the
group with erythropoietin.

To rule out the effect of erythropoietin, only the 30 patients who did not treat
with erythropoietin were further studied on the effect of enalapril doses by divided into 2
and 4 subgroups according to the dosages of enalapril that they were taken. The higher
dosage of enalapril did not show higher percentage of decrement, except for 10 mg/day
subgroups. The results were shown in table 14, 15 and 16.

For 10 mg/day subgroup, there was higher percentage of decrement when
compared with other subgroups, especially when compared with 2.5-5 mg/day subgroup,
the difference was statistically significant (p=0.051, as shown in table 15). Comparison
the percentages of change in Hct levels between higher or equal to 10 mg/day and lower
than 10 mg/day dosages of enalapril indicated significant higher decrement for higher

dosage at p=0.171 as shown in table 16.

Table 13 : Effects of enalapril on Hct levels with and without erythropoietin.

Total patients N Het levels % (mean+SD) Percentage of P-value

(57) | Not taking enalapril | Take enalapril | changes (mean+SD)

Patients without erythropoietin | 30 29.33+7.23 25.77+6.86 -11.90+10.87 <0.001

Patients with Erythropoietin 27 30.96+4.10 28.70+4.17 -7.19+7.43 <0.001

P-value 0.307 0.059 P=0.064




Table 14: Effects of different doses of enalapril on Hct level of patients without erythropoietin.
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Dose of enalapril N Het levels % (mean+SD) Percentage of changes p-value
(patients without erythropoietin) | (30) | Not taking enalapril Take enalapril (mean+SD)
2.5-5 mg/day 13 29.2346.67 26.38+4.81 -8.77+7.23 0.004
10 mg/day 8 28.13+5.94 22.88+6.81 -18.76+£14.82 0.014
20 mg/day 4 29.75£10.81 26.50£10.72 -10.86+13.80 0.005
40 mg/day 5 31.20+9.39 28.20+8.84 -9.92+6.37 0.023
ANOVA analysis 0.337

Table 15: Comparison between groups of different dosage of enalapril (patients without erythropoietin only)

2.5-5 mg/day | 10 mg/day 20 mg/day 40 mg/day
2.5-5 mg/day - P=0.051 P=0.687 P=0.759
10 mg/day - P=0.396 P=0.238
20 mg/day - - P=0.895
40 mg/day - - -




Table 16: Effects of high and low doses of enalapril on Hct levels of patients without erythropoietin.
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Dose of enalapril N Hct levels % (mean+SD) Percentage of changes p-value
(patients without erythropoietin) Not taking enalapril Take enalapril (mean+SD)
Low dose Enalapril (< 10 mg/day) 13 29.23+6.67 26.38+4.81 -8.77£7.23 0.004
High dose Enalapril (> 10 mg/day) | 17 29.41+7.83 25.29+8.21 -14.30+£12.68 <0.001
p-value 0.947 0.674 0.171
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For the patients who received erythropoietin, the result showed that there were

no statistical significant differences in Hct level when patients took or stopped taking

enalapril for 4 months, as shown in table 17, 18 and 19. The cross-tab results were

grouped in table 20.

Table 17: Effects of enalapril and erythropoietin dose to percentage of change in Hct level.

Dose of N Dose of Hct levels % (mean+SD) Percentage | p-value
enalapril (27) | erythropoietin | Not taking Take of changes
(unit/kg/wk) enalapril enalapril (mean+SD)

2.5-5 mg/day 12 66.80+£22.85 | 30.75#4.14 | 29.17£5.18 -5.57+£7.30 | 0.025
10 mg/day 5 68.244+34.27 | 29.20+4.44 | 26.60£3.65 -8.64+£3.93 | 0.012
20 mg/day 8 72.24+39.41 32.1344.45 | 28.88+3.18 -9.3549.92 | 0.045
40 mg/day 2 69.46+30.34 | 32.00+1.41 30.50+0.71 -4.64+2.00 | 0.205

ANOVA analysis 0.337

Table 18: Comparison between groups of different dosage of enalapril (patients with

erythropoietin only)
2.5-5 mg/day | 10 mg/day 20 mg/day 40 mg/day
2.5-5 mg/day - P=0.393 P=0.338 P=0.866
10 mg/day - - P=0.884 P=0.245
20 mg/day - - | P=0.540
40 mg/day - - - -
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Table 19: Effects of high and low doses of enalapril on Hct levels of patients

with erythropoietin.

Dose of enalapril N Dose of Hct levels % (meantSD) | Percentage
(27) | erythropoietin | Not taking Take of changes | p-value
(unit/kg/wk) enalapril enalapril | (mean+SD)
Low dose Enalapril | 12 66.804+22.85 | 30.75+4.14 | 29.17£5.18 | -5.57£7.30 0.025
(< 10 mg/day)
High dose Enalapril | 15 70.534+34.37 | 31.13+4.21 | 28.33£3.29 | -8.49+7.51 0.002
(> 10 mg/day)
p-value 0.749 0.815 0.615 0.319

Table 20: Effect of enalapril and erythropoietin on percentage of change in Het level.

Dose of N | Hct levels % (meantSD) | Percentage | p-value
enalapril Erythropoietin (57) | No taking Take of changes
enalapril enalapril (mean+SD)
Low dose | Without erythropoietin | 13 | 29.23+£6.67 | 26.38+4.81 | -8.77+7.23 0.004
(<10 mg/d) | With erythropoietin 12 | 30.75+4.14 | 29.17£5.18 | -5.57+7.30 0.025
n=25 p-value 0.505 0.177 0.283
High dose | Without erythropoietin | 17 | 29.41+7.83 | 25.29+8.21 | -14.30+12.68 | <0.001
(>10 mg/d) | With erythropoietin 15 | 31.13+4.21 | 28.33£3.29 | -8.49+7.51 0.002
n=32 p-value 0.453 0.190 0.132
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6. Effects of dosages of erythropoietin on percentage of change in Hct level by
enalapril

The patients who categorized to low dose enalapril group and high dose
enalapril group, each group also was categorized to patients with and without
erythropoietin. In patients with erythropoietin, the patients were divided into two
subgroups, low dose erythropoietin (patients who received erythropoietin 20-80
unit/kg/wk) and high dose erythropoietin (patients who received erythropoietin more
than or equal to 80 unit/kg/wk). The Hct level of these subgroups has shown in table
17-20 respectively. Similarly, the patients categorized by the dosages of enalapril, there
were also no statistically significant different in the percentage of decreasing in all
dosages of enalapril, either high dose enalapril or low dose enalapril (the results were

shown in table 21,22 and 23).

Table 21: Effect of erythropoietin dose on percentage of change in Hct level.

Dose of N Het levels % (mean+SD) Percentage of changes | p-value
erythropoietin (27) | Not taking enalapril | Take enalapril (mean+SD)
< 80 unit/kg/wk 15 29.73+3.84 27.73+£3.73 -6.62+6.18 0.001
> 80 unit’kg/wk 12 32.504+4.03 29.9244.52 -7.90+8.98 0.018
p-value 0.081 0.181 0.665




Table 22: Low dose enalapril (< 10 mg/day)

Dose of erythropoietin N Hct levels % (mean+SD) Percentage of changes p-value
12 Not taking enalapril Take enalapril (mean+SD)
20-80 unit/kg/wk 7 30.57+4.04 28.71+4.46 -6.27+6.13 0.026
> 80 unit’kg/wk 5 31.00+4.74 29.80+6.57 -4.58+9.39 0.388
p-value 0.869 0.739 0.713
Table 23: High dose enalapril (> 10 mg/day)
Dose of erythropoietin N Hct levels % (mean+SD) Percentage of changes p-value
15 Not taking enalapril Take enalapril (mean+SD)
20-80 unit/kg/wk 8 29.00+3.78 26.88+2.99 -6.93+6.63 0.034
> 80 unit/kg/wk 7 33.57£3.41 30.00+2.94 -10.27+8.57 0.031
p-value 0.030 0.063 0.410
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7. Effects of baseline Hct level on the percentage of Hct change caused by enalapril

Baseline Hct of patients were categorized to 4 subgroups (A, B, C and D) to find

the correlation between the percentages of Hct change and baseline Hct levels. In total

patients, The results indicated that the patients who had baseline Hct below 25%

(subgroup A) had the highest percentage of decrement, but there were no statistically

significant different compared with other baseline Hct of patients both in the total

patients and the patients who received erythropoietin. In contrast, the patients who did

not receive erythropoietin, the percentages of decrement were high in almost baseline

Hct (subgroup A, C and D). The correlation between the percentages of Het change and

baseline Hct levels, were shown in table 24, 25 and 26.

Table 24 : Comparisons of the percentage of change in Hct levels caused by enalapril

based on baseline Hct levels (total patients, n=57).

Baseline Hct levels N Hct levels % (mean+SD) Percentage of changes | p-value
(%) (57) | Not taking enalapril | Take enalapril (mean+SD)
A; Het <25 14 23.00+1.88 20.07£2.46 -12.45+10.73 0.001
P value of A vs B <0.001 <0.001 0.138
B; 26<Hct<29 14 27.64£1.15 25.57+1.55 -7.38+6.17 0.001
P value of B vs C <0.001 0.009 0.678
C; 30<Hct<33 14 31.43+£1.22 28.57+3.65 -8.91+12.12 0.020
P value of Cvs D <0.001 0.001 0.796
D; Het >33 15 37.80+3.80 33.9343.77 -9.9348.81 0.001
P value of D vs A <0.001 <0.001 0.494
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Table 25 : Comparisons of the percentage of change in Hct levels caused by enalapril

based on baseline Hct levels (patients received erythropoietin , n=27).

Baseline Hct levels N Hct levels % (mean+SD) Percentage of changes | p-value
(%) (27) | Not taking enalapril | Take enalapril (mean+SD)

A; Het <25 3 23.67+1.53 20.67+0.58 -12.40+6.81 0.095
P value of A vs B 0.004 0.001 0.235

B; 26<Hct<29 6 27.83+1.33 26.00+1.67 -6.47+6.30 0.058
P value of B vs C <0.001 0.001 0.373

C; 30<Hct<33 9 31.22+1.20 29.89+1.62 -4.30+2.78 0.002
P value of C vs D <0.001 0.076 0.233
D; Het >33 9 35.22+1.92 32.0042.92 -8.82+10.59 0.039
P value of D vs A <0.001 <0.001 0.601
Table 26 : Comparisons of the percentage of change in Hct levels caused by enalapril
based on baseline Hct levels (patients did not receive erythropoietin , n=30).

Baseline Hct levels N Hct levels % (mean+SD) Percentage of changes | p-value
(%) (30) | Not taking enalapril | Take enalapril (mean+SD)

A; Het <25 11 22.82+1.99 19.91+2.77 -12.46+11.85 0.006
P value of A vs B <0.001 <0.001 0.356

B; 26<Het<29 8 27.50+1.07 25.25+1.49 -8.06+£6.41 0.010
P value of B vs C <0.001 0.630 0.210

C; 30<Hct<33 5 31.80+1.30 26.20+5.22 -17.21+18.11 0.106
P value of C vs D <0.001 0.002 0.487
D; Het >33 6 41.67+2.16 36.83+£3.06 -11.59+5.69 0.004
P value of D vs A <0.001 <0.001 0.869
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8. Effects of duration of enalapril taken on Hct levels

Only thirteen patients who received constant dose of enalapril and constant dose
of erythropoietin (including those who did not take any erythropoietin and packed red
cell) throughout 12 months, therefore, their Hct levels could be monitored every 4
months for 12 months and the results were recorded in table 27. The results showed that
Hct levels were decreasing at 4 and 8 months after taking enalapril, then, the Hct levels
seem to start adjusting up at 12 months.

From 13 patients who took enalapril up to 12 months, the patients were
categorized to patients who taken enalapril without erythropoietin (n=9) and with
erythropoietin (n=4). Het levels and the percentage of decreasing in Hct levels of all

patients, and patients in both subgroups were shown in figure 5-10.



Table 27 : Hct levels before taking enalapril and after taking enalapril for 4, 8 and 12 months. (N=13)
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Hct before Hct after % change at Hct after % change at 8 Hct after % change at
Dose of Dose of Dose of taking taking 4 months taking months taking 12 months
Case erythropoietin erythropoietin enalapril enalapril enalapril for enalapril for enalapril for
No. (Unit/kg/wk) (Unit/wk) (mg/day) (%) 4 months 8 months 12 months
(%) (%) (%)
A04 .00 0 5.00 26.00 25.00 -3.85 30.00 15.38 32.00 23.08
A08 .00 0 5.00 24.00 23.00 -4.17 25.00 4.17 26.00 8.33
A09 .00 0 5.00 21.00 19.00 -9.52 18.00 -14.29 17.00 -19.05
All .00 0 5.00 28.00 26.00 -7.14 27.00 -3.57 27.00 -3.57
Al4 .00 0 10.00 40.00 37.00 -7.50 20.00 -50.00 28.00 -30.00
A21 .00 0 20.00 29.00 25.00 -13.79 30.00 3.45 31.00 6.90
A24 .00 0 40.00 28.00 28.00 0.00 33.00 17.86 35.00 25.00
A25 .00 0 40.00 25.00 21.00 -16.00 22.00 -12.00 20.00 -20.00
A26 .00 0 40.00 43.00 38.00 -11.63 31.00 -27.91 27.00 -37.21
A34 48.00 3000 40.00 31.00 30.00 -3.23 27.00 -12.90 29.00 -6.45
A38 77.67 4000 5.00 31.00 31.00 0.00 29.00 -6.45 33.00 6.45
A40 86.02 4000 5.00 33.00 33.00 0.00 30.00 -9.09 33.00 0.00
AAT 101.27 4000 10.00 34.00 30.00 -11.76 35.00 2.94 35.00 2.94
Mean + - - -
SD 30.23+6.21 | 28.15£5.77 | -6.81%5.45 | 27.46+5.03 -7.11£17.95 28.69+5.47 | -3.35+18.89
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Figure 6.1: Hct levels after taking enalapril for 12 months Figure 6.2: The percentage of decreasing after taking enalapril for 12
(total patients, n=13)compared with 8 months (total patients, months (total patients, n=13)compared with 8 months (total patients,

n=23) n=23)
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with erythropoietin (n=4)
with erythropoietin (n=4)
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Figure 7: Hct levels after taking enalapril for 12 months (patients Figure 9: The percentage of decreasing after taking enalapril for 12
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There were 23 patients whose data could be monitored up to 8 months but could

not be monitored to 12 months due to various reasons. The data of each patient was

shown in table 28. The decreasing of Hct levels and the percentage of change were

shown in figure 11-14.

Table 28 : Hct levels before taking enalapril and after taking enalapril for 4 and 8

months. (N=23)

Hct before Hct after | % change at Hct after % change at
Dose of Dose of Dose of taking taking 4 months taking 8 months
Case | erythropoietin | erythropoietin | enalapril enalapril enalapril for enalapril for
No. (Unit/kg/wk) (Unit/wk) (mg/day) (%) 4 months 8 months
(%) (%)
A04 0 0 5 26 25 -3.85 30 15.38
A05 0 0 b 30 28 -6.67 28 -6.67
A07 0 0 5 21 20 -4.76 21 0.00
A08 0 0 5 24 23 -4.17 25 4.17
A09 0 0 5 21 19 -9.52 18 -14.29
All 0 0 5 28 26 -7.14 27 -3.57
Al4 0 0 10 40 37 -7.50 20 -50.00
Al6 0 0 10 28 23 -17.86 23 -17.86
Al8 0 0 10 28 24 -14.29 20 -28.57
A2l 0 0 20 29 25 -13.79 30 3.45
A24 0 0 40 28 28 0.00 33 17.86
A25 0 0 40 25 21 -16.00 22 -12.00
A26 0 0 40 43 38 -11.63 31 -27.91
A27 20.83 1000 10 30 28 -6.67 26 -13.33
A33 46.51 2000 20 30 29 -3.33 28 -6.67
A34 48 3000 20 31 30 3.45 27 -6.90
A35 52.63 2000 5 24 20 -16.67 21 -12.50
A38 77.67 4000 5 31 31 0.00 29 -6.45
A40 86.02 4000 5 33 33 0.00 30 -9.09
A43 90.91 4000 10 29 25 -13.79 23 -20.69
Ad4 90.91 4000 40 33 31 -6.06 32 -3.03
A45 93.02 4000 5 27 25 -7.41 25 -7.41
A47 101.27 4000 10 34 30 -11.76 35 2.94
Mean - - <
+SD 29.26+5.19 | 26.91+5.09 | -8.31+5.50 | 26.26+4.66 | -11.26+12.73
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31.00 0 4 8
3000 ‘ 0.00
2 29.00 28.54 + 6.4 | -1.00 7
‘=a' -2.00 |
= 28.00 ‘ = -3.00
2 5700 4 P<0.001 T
26.00 - 25.92 +5.82 ; 5.00
_ ; -6.00 |
25.00 7 PGB sassam 4700
24.00 -8.00
-9.00
-8.18
Duration of takinéenalapril (months) 8 -10.00 143
Figure 12: Hct levels after taking enalapril for 8 months (patients did Figure 14: The percentage of decreasing after taking enalapril

not receive erythropoietin) for 8 months (patients did not receive erythropoietin)
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There were 34 patients whose data could not be monitored throughout the 12

months since their conditions were changed, either the dose of enalapril and/or the dose

of erythropoietin were changed or packed red cell had to be given to the patients.

Majority of the patients who did not receive erythropoietin at baseline were excluded

because their Hct levels were too low and erythropoietin or packed red cell had to be

given while some were excluded due to requirement to change in the dosage of enalapril.

Majority of the patients who had been given erythropoietin at baseline were excluded

due to change in the dosage of enalapril while minority were excluded due to

requirement to change in the dosage of erythropoietin given or packed red cell had to be

added. The details were shown in table 29, 30 and 31.

Table 29: Reasons for termination of the monitoring before the end of 12 months

(patients did not receive erythropoietin at baseline; n=17).

Case | Enalapril | Erythropoietin Enalapril Erythropoietin

number | Dose Dose Months Dose Dose Changes | Hct (%)

(mg/day) (unit/wk) Changes or add PRC
A01 2.5 0 7 Off enalapril 22
A02 S 0
A03 S 0 6 8000 unit/wk
A05 S 0 9 Off enalapril 28
A06 S 0 5 5 to 40 mg/d
6 4000 unit/wk
A07 0 12 PRC 2 unit 16 to 25
A10 0 5 Off enalapril 28
Al2 10 0 5 8000 unit/wk 16
Al13 10 0 5 PRC 2 unit 1810 24
Al5 10 0 6 10 to 20 mg/d
10 Parenteral

Al6 0 11 iron injection
A17 10 0 5 PRC 2 unit 16 to 22
Al8 10 0 10 8000 unit/wk 20
A19 20 0 5 Off enalapril 42
A20 20 0 6 PRC 2 unit 2010 22
A22 20 0 7 PRC 2 unit 171023
A23 20 0 7 PRC 2unit | 1810235
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Table 30: Reasons for termination of the monitoring before the end of 12 months

(patients received erythropoietin at baseline; n=17).

Case | Enalapril | Erythropoietin Enalapril Erythropoietin
number | Dose Dose Months Dose Dose Changes Hct (%)
(mg/day) (unit/wk) Changes or add PRC
A27 10 1000 9 10 to 20 mg/d
5 Parenteral iron
A28 1500 5 injection
A29 20 2000 5 Unstable EPO
A30 20 2000 8 *
A3l S 2000 6 Off enalapril 27
A32 20 2000 5 20 to 40 mg/d
A35 S 2000 10 Off EPO (BP 1)
A36 S 4000 6 5 to 10 mg/d
A37 20 4000 6 *
A39 10 4000 9 10 to 20 mg/d
A41 5 4000 5 PRC 2 unit 21 to 30
A42 S 4000 8 Off enalapril 24
A43 10 4000 9 Off enalapril 23
Ad4 40 4000 9 Off EPO
A45 S 4000 9 Unstable EPO
A46 20 4000 5 *
A48 20 4000 7 =

* This study ended before the process of 12 months monitoring.

Table 31: Comparisons of the reasons for termination of the monitoring before the end of

12 months between patients who received and did not received erythropoietin.

Reason.of termination With erythropoietin+| ~Without erythropoietin

(n=17) (n=17)

Enalapril dose change 4 3

Off enalapril 3 4

Erythropoietin dose change 2 (unstable) 4 (start)

Off erythropoietin 2 -

Blood transfusion 1 6

Parenteral iron injection 1 1

Study ended 4 -
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9. Other factors that may influence the change in Hct levels.

1. Sex
The percentage of decreasing in Hct levels caused by enalapril in male and female
were not significantly different either when considered the total patients or when

categorized into two subgroups with and without erythropoietin. The results were shown

in table 32.

Table 32: Comparisons of the percentage of change in Hct levels caused by enalapril

between male and female.

Sex N Hct levels % (mean+SD) Percentage of P-value
Not taking enalapril | Take enalapril | change (mean+SD)
Total Male | 35 30.09+6.67 26.77+6.44 -10.80+10.81 <0.001
Female | 22 30.05+4.78 27.77+4.95 -7.57+7.52 <0.001
P-value 0.980 0.536 0.496
EPO Male 10 30.00+3.80 28.10+3.07 -5.95+6.59 0.027
Female | 17 31.414+4.32 29.06+4.75 -7.52+8.37 0.004
P-value 0.400 0.574 0.617
Without | Male | 25 30.12+7.59 26.24+7.36 -12.74+11.65 <0.001
EPO Female | 5 25.40+3.21 23.40+2.70 -7.72+4.09 0.022
P-value 0.187 0.407 0.355
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2. Age

The patients were categorized into four groups based on their ages that were shown
in table 32. The percentage of decreasing in Hct levels caused by enalapril were not
statistically different between four groups with different ages. The results were shown in

table 33, 34 and 35.

Table 33: Comparisons of the percentage of change in Hct levels caused by enalapril

among patients with different aged groups (total patients, n=57).

Age (years) N Hct levels % (mean+SD) Percentage of P-value
57 | Nottaking enalapril | Take enalapril | change (mean+SD)

A; <30 8 29.75+6.88 26.00+7.46 -13.28+11.67 0.022
P value of A vs B 0.339 0.545 0.495
B; 30<x <40 16 27.56+4.13 24.63+3.63 -9.71+11.98 0.009
P value of Bvs C 0.015 0.011 0.982
C; 40<x <50 21 31.6245.18 28.57+4.99 -9.64+6.29 <0.001
P value of C vs D 0.816 0.907 0.408

D; x> 50 12 31.08+£7.98 28.83+7.77 -7.26+10.03 0.022
P value of D vs A 0.704 0.428 0.234
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Table 34: Comparisons of the percentage of change in Hct levels caused by enalapril

between patients with different aged groups (patients received erythropoietin at

baseline, n=27).

Age (years) N Hct levels % (mean+SD) Percentage of P-value
27 | Not taking enalapril | Take enalapril | change (mean+SD)

A; <30 4 34.75+4.11 31.00+2.94 -10.04+11.63 0.205
P value of A vs B 0.020 0.045 0.770
B; 30<x <40 8 28.13+3.79 25.754+4.03 -8.49+6.49 0.008
P value of B vs C 0.023 0.039 0.786
C;40<x<50 | 11 32.0943.14 29.64+3.53 -7.69+6.03 0.002
P value of C vs D 0.249 0.962 0.061

D; x> 50 4 29.75+3.86 29.7545.25 -0.32+6.62 1.000
P value of D vs A 0.127 0.692 0.196

Table 35: Comparisons of the percentage of change in Hct levels caused by enalapril

between patients with different aged groups (patients did not received erythropoietin

at baseline, n=30).

Age (years) N Hct levels % (mean+SD) Percentage of P-value
30 | Not taking enalapril | Take enalapril | change (mean+SD)

A; <30 4 24.75+£5.19 21.00+7.39 -16.52+12.42 0.087
P value of A vs B 0.462 0.413 0.560
B; 30<x.<40 8 27.00+4.63 23.50£3.02 -10.92+16.18 0.106
P value of B vs C 0.171 0.124 0.879
C; 40<x <50 10 31.10+6.94 27.40+6.20 -11.78+6.16 0.001
P value of C vs D 0.870 0.790 0.788

D; x> 50 8 31.75+9.60 28.38+9.07 -10.73+9.90 0.009
P value of D vs A 0.209 0.192 0.399
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Patients were categorized into three groups based on the duration of hemodialysis.

results were shown in table 36, 37 and 38.

The percentage of decreasing in Hct levels caused by enalapril were nearly the same. The

Table 36: Comparisons of the percentage of change in Hct levels caused by enalapril

among patients with different duration of hemodialysis (total patients, n=57)

Duration of N Hct levels % (mean+SD) Percentage of P-value
hemodialysis (57) | Not taking enalapril | Take enalapril | changes (mean+SD)

(years)

A;1-3 22 29.45+6.35 26.95+6.59 -8.63+10.06 0.001
p value of A vs B 0.627 0.414 0.617

B;4-6 19 28.58+4.85 25.47+4.53 -10.28+10.99 0.002
p value of B vs C 0.034 0.031 0.923

C;7-15 16 32.69+6.12 29.44+5.88 -9.96+8.06 <0.001
p value of C vs A 0.124 0.238 0.664
Table 37: Comparisons of the percentage of change in Hct levels caused by enalapril
among patients with different duration of hemodialysis (patients received
erythropoietin at baseline, n=27)
Duration of N Hct levels % (mean+SD) Percentage of P-value
hemodialysis (27) | Not taking enalapril | Take enalapril | changes (mean+SD)

(years)

Aj1-3 9 33.00+3.24 31.2242.49 -4.81+9.44 0.180
p value of A vs B 0.007 0.007 0.450

B;4-6 12 28.33+3.63 26.25+4.37 -7.58+7.06 0.004
p value of B vs C 0.026 0.097 0.709

C;7-15 6 32.83+3.76 29.83+3.31 -8.88+6.32 0.023
p value of C vs A 0.928 0.369 0.373
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Table 38: Comparisons of the percentage of change in Hct levels caused by enalapril

among patients with different duration of hemodialysis (patients did not receive

erythropoietin at baseline, n=30)

Duration of N Hct levels % (mean+SD) Percentage of P-value
hemodialysis (30) | Not taking enalapril | Take enalapril | changes (meant+SD)
(years)
A;1-3 13 27.00+6.89 24.00+6.99 -11.27+£9.95 0.001
p value of A vs B 0.542 0.962 0.523
B;4-6 7 29.00+6.78 24.14+4.81 -14.93+15.21 0.054
p value of B vs C 0.323 0.126 0.476
C;7-15 10 32.60+7.38 29.20+7.16 -10.61+£9.22 0.002
p value of C vs A 0.075 0.095 0.873
4. Frequency of hemodialysis
The frequency of hemodialysis either 2 times per week or 3 times per week did not
influence the effect of enalapril on Hct levels significantly. The results were shown in
table 39, 40, and 41.
Table 39: Comparisons of the percentage of change in Hct levels caused by enalapril
between patients categorized by frequency of hemodialysis (total patients, n=57).
Frequency of N Hct levels % (mean+SD) Percentage of P-value
hemodialysis (57) | Not taking enalapril | Take enalapril | changes (mean+SD)
2 times/wk 27 28.26+6.16 25.33+5.69 -10.20+8.97 <0.001
3 times/wk 30 31.70+5.37 28.80+5.65 -8.97+10.49 <0.001
P-value 0.028 0.025 0.638
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Table 40 : Comparisons of the percentage of change in Hct levels caused by enalapril

between patients categorized by frequency of hemodialysis (patients received

erythropoietin at baseline, n=27).

Frequency of N Hct levels % (mean+SD) Percentage of P-value

hemodialysis (27) | Not taking enalapril | Take enalapril | changes (mean+SD)

2 times/wk 12 30.00+4.16 27.17+4.22 -9.40+7.88 0.005

3 times/wk 15 31.60+4.09 29.93+3.83 -4.97+7.15 0.020
P-value 0.325 0.086 0.139

Table 41: Comparisons of the percentage of change in Hct levels caused by enalapril

between patients categorized by frequency of hemodialysis (patients did not receive

erythropoietin at baseline, n=30).

Frequency of N Hct levels % (mean+SD) Percentage of P-value

hemodialysis (30) | Not taking enalapril | Take enalapril | changes (mean+SD)

2 times/wk 15 26.87+7.22 23.87+6.40 -10.84+9.99 0.001

3 times/wk 15 31.80+6.56 27.67+6.98 -12.97+11.94 0.001
P-value 0.060 0.131 0.600




CHAPTER V

DISCUSSION

There were 57 hemodialysis patients enrolled and completed this study. Most
patients were male, the age widely from 22 to 63 years old. Most patients dialysed 3
times a week. Duration of hemodialysis ranged from 1-15 years. The most common
cause of chronic kidney disease (CKD) of patients in this study was
glomerulonephritis. The patients have many complications such as chronic heart
failure, acute myocardial infarction or unstable angina and most of them have
hypertension.

To reduce the confounding factors, approximately sixteen variables of serum
chemistries (blood urea nitrogen, creatinine, uric acid, sodium, potassium, chloride,
bicarbonate, calcium, phosphate, albumin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), intact parathyroid hormone, ferritin, total iron-binding
capacity (TIBC), and iron) were monitored before the study and after the study for 4
months. There were no significantly difference in most serum chemistries before and
after the study, except for serum potassium which might be related to the adverse effect
of enalapril; hyperkalemia. For AST, ALT, serum ferritin, TIBC, and serum iron, no
statistical calculation could be performed because the number of subjects whose data

were observed was too small.

Effects of enalapril on Hct levels of patients

The results obtained, as shown in table 7, 8 and 9, indicated that the use of
enalapril, an angiotensin-converting enzyme inhibitor (ACEI) in hemodialysis patients
significantly decreased Hct levels as compared to the time that they did not use

enalapril. ACEI is a strong inhibitor of angiotensin II production while angiotensin II is
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necessitated for erythropoietin formulation, then, in turn decreasing red cell production.
The Hct levels decreased significantly after consumed enalapril for 4 months as
compared to the past 4 months before starting enalapril. At the same time, for those
patients who were started the observation while they were on enalapril for at least 4
months, then, enalapril was stopped, after enalapril was withdrawn for 4 months, the
Hct levels increased significantly. There results implied that the inhibition of
angiotensin II production caused by enalapril was reversible and only temporary, once
the drug was moved out of the body, the effect was discontinued. However, 4 months
period of monitoring time was set in order to account for the life cycle of Hct and to
ensure the steady state condition.

The results from this study were similar to those reportedly by Erturk ef al.
They studied the Hct levels of 23 patients after stop taking enalapril 10-40 mg/day
(n=19), captopril 25-75 mg/day (n=3), and perindopril 2 mg/day (n=1) for 1 and 3
years. They found that withdrawal of ACEI from hypertensive chronic hemodialysis
patients who were also receiving erythropoietin resulted in increasing in Hct levels [2].
Several previous studies monitored the influence of enalapril on erythropoietin
requirements to control the desired Hct levels [1,4-6]. Albitar et al. evaluated
prospective, non-randomized, controlled trial follow up 1 years in 60 erythropoietin
treated HD patients who were taken enalapril (n=20, 10 and 20 mg/day, nifedipine 40
mg (n=20), and control groups (erythropoietin alone, n=20), they concluded that high-
dose enalapril increased erythropoietin requirement [1]. Similarly, Matsumura et al.
examined retrospective study in 108 HD patients who received erythropoietin alone
(n=59) and received erythropoietin ~with ACE  inhibitors (n=49; 31:enalapril,
10:imidapril, 2:captopril, 2:cilazapril, 2:benazepril and 2:temocapril), the data
suggested that ACE inhibitors administration increased erythropoietin maintenance
doses in HD patients [6]. In addition, Dhondt et al. searched for cross-sectional study
in 49 HD patients who received erythropoietin alone (n=27) and received

erythropoietin with ACE inhibitors (n=22; 16:lisinopril 2.5-20 mg/day, 4:captopril
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12.5-37.5 mg/day, 1:perindopril 4 mg/day and 1:ramipril 2.5 mg/day) for 3 months, the
study demonstrated that more exogenous erythropoietin was required in ACE inhibitors
treated chronic HD patients to achieve the same mean hematocrit of 33% [5].

Hirakata et al. studied the effect of captopril in chronic hemodialysis patients
who had been taken captopril for 1.5 months, then, stopped taking [4]. The results
showed that angiotensin II and angiotensin converting enzyme were reduced
significantly. Hemoglobin, hematocrit, red blood cell, reticulocyte count, and plasma
erythropoietin concentration were also reduced significantly.

Among the 57 patients included into the study, three of them had their Hct
levels higher after taking enalapril for 4 months. Two of these patients received hig
dose of erythropoietin during 4-8 months before taking enalapril (study point) and one
of them received packed red cell during 4-8 months before taking enalapril (study
point). Therefore, the dosage of erythropoietin or packed red cell might need to be kept
stable for more than 4 months to be able to completely get away from these

confounding factors.

Effects of dosages of enalapril on Hct levels of patients

The results shown in table 10-12 indicated that higher dosage of enalapril
showed significantly higher effect on the decrement in Hct levels when compared
between the group of patients who consumed 2.5-5-mg/day to the group who consumed
10 mg/day. However, for the group who consumed 20 mg/day or 40 mg/day of
enalapril, even though the percentages of decrement were slightly higher than those
obtained from patients who consumed 2.5-5 mg/day, but 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 patients compared were

from different groups, their conditions could be different. For example, the baseline
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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 we observed clinical
data of the patient backward for at least 4 months and ensured that the dosage of
erythropoietin was kept constant throughout the studied period, however, if the dosage
had been adjusted right away beyond the past 4 months, it would not be recorded.
Several factors [29] which might influence the results, such as, serum parathyroid
hormone and serum ferritin had not been monitored and recorded. Since this is a
retrospective study, therefore, these recommended data were missing. Besides, the
number of patients recruited in each dosage group, especially the higher dosages, i.e.,

20 mg/day and 40 mg/day, were much too small for definite conclusion.

Effects of erythropoietin on percentage of Het change caused by enalapril

When the total 57 patients included into the study were categorized into two
subgroups, with and without treatment with erythropoietin. The results as shown in
table 13 indicated that Hct levels before taking enalapril and after taking enalapril were
statistically significant difference in both groups (p<0.001). However, the effect of
enalapril could be seen more prominently in patients who were not treated with
erythropoietin, since the percentage of decreasing in Hct levels caused by enalapril in
patients who were not treated with erythropoietin was significantly higher than in
patients who were treated with erythropoietin (p=0.064). From table 17 and 18, the
results showed that there were no statistically significant different in the decrement of
percentage on Hct levels in patients ‘with many enalapril doses. These results implied
that erythropoietin has direct effect on Het levels. The results shown in table 16 and 19
pointed out that the influence of erythropoietin on the Hct decrement effect of enalapril
was more distinct at higher dosage of enalapril. This was similar to the study by
Hayashi et al., they suggested that the inhibitory of angiotensin-converting enzyme was
most apparent when high dose of ACE inhibitors was administered together with low

dose of erythropoietin in hemodialysis patients [12].
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Effects of dosages of erythropoietin on percentage of change in Hct level by
enalapril

When the patients who received erythropoietin were further categorized into
two subgroups according to the dosage of erythropoietin consumed, no noticeable
different between the two subgroups could be observed, as shown in table 21, 22 and
23. Higher dosage of erythropoietin should result in lower changed in the percentage of
Hct levels caused by enalapril, however, in our cases, there were 3 patients who were
treated with erythropoietin more than 100 unit/kg/wk and enalapril > 10 mg/day but the
percentage of decreasing in Hct levels were higher than others. These 3 patients who
consumed high dosage of erythropoietin had their baseline Hct levels which were quite
high when compared the other patients, therefore the percentage of decrement in Hct
levels might not totally be caused by enalapril, many other factors could also influence
decrement in Hct levels, such as, the erythropoietin doses changes, received packed red
cell, and parenteral iron injection on 8 months before the point of the study. This study
recruited the patients by controlling these factors for 4 months before the point of the

study, so our results had some these confounding factors.

Effects of baseline Hct levels on the percentage of Het change caused by enalapril
From table 24, 25 and 26 indicated that the percentage of Hct decrement did not
correlated with baseline Hct levels. The correlation could not be detected whether the
patients were received erythropoietin or did not receive erythropoietin. The percentage
of Hct changes were not significantly different between patients who had low baseline
Hct levels or high baseline Hct levels. The effect of enalapril on Hct levels, therefore,
did not depend on baseline Hct levels, but might depend on hemodialysis status, or

individual response of the patients.
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Effects of duration of enalapril taken on Hct levels

The results from 13 patients who could continue on the same dose of enalapril
and erythropoietin throughout 12 months as shown in table 27 and figure 5-10
indicated that enalapril caused significantly decrement in Hct level at 4 months and
slightly further decrement was continue on at 8 months, however, at 12 months, the
effect of enalapril on erythropoietin formation should reach its maximum or saturated,
the patients seem to be tolerant or able to somewhat regulate or adjusting their
biological substances, so the erythropoietin formation process started to slightly reverse
back. This might be the reason that many previous studies were controversial. Charytan
et al. studied the effect of enalapril on erythropoietin dosage requirement for 7 months
[10], while Cruz et al. and Albu Alfa ef al. studied for 4 months [13, 11], and Hayashi
et al. studied for 3 months [12], their results showed that enalapril had no effect on
erythropoietin dosage requirements. From this study, we suggested that the time to
study the effect of enalapril on Hct levels in HD patients should be monitored every 4
months for at least 8-12 months in order to find the clearer and maximum effect of
enalapril. The duration of effect of enalapril were more apparent in the 23 patients who
could continue on the same dose of enalapril and erythropoietin throughout 8 months
especially in the patients who did not receive erythropoietin, as shown in table 28 and
figure 11-14.

There were only 13 patients out of the 57 patients enrolled in the study who
could continue on the same dosage of enalapril and erythropoietin (including those
who did not treat with erythropoietin) throughout 12 months. This was not surprising
since enalapril caused decrement in Hct levels, many patients would required
increment in the dosage of erythropoietin or required to give packed red cell or the
dose of enalapril was required to change or stopped taking enalapril (changed to other
hypertensive drug). Majority of patients who received erythropoiesis at baseline were

dropped out due to change in the dosage of enalapril while majority of patients who did
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not receive erythropoietin at baseline required treatment with erythropoietin or given

packed red cell, as shown in table 29, 30 and 31.

Other factors that may influence the change in Hct levels

Sex

The effect of enalapril on the decrement in Hct levels were significantly in both
sex but were not statistically significantly different between sex. However, the mean
percentage of change was more distinct in the male group especially in patients who
were not receiving erythropoietin. The baseline Hct level of female was slightly lower
than that of the male in the non-treatment with erythropoietin group. In natural, it is
normal that female has lower Hct level than male[35].
Age

Enalapril caused significant decrement in Hct levels in patients in any age. The
percentages of decrement was higher in patients who younger than 30 years in both
patients who received and did not received erythropoietin. This might due to the major
causes of their chronic kidney disease were glomerulonephritis which the causes are no
etiology. The = patients who were glomerulonephritis, often received
immunosuppressant for treatment for while until further hemodialysis. Anemia of these

patients and the response to erythropoietin might be affected from this factor.

Duration of hemodialysis

The percentages of decreasing in Hct levels caused by enalapril were nearly the
same, no matter how long the patients had been on hemodialysis ranging from 1-15
years. This indicated that the timing which patients on hemodialysis did not affect the
effect of enalapril on Hct level.

However, the baseline Hct level of patients who were on hemodialysis for 7-15

years was higher than the patients who were on hemodialysis for only 1-3 years which
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could be seen more clearly for patients who were not receiving erythropoietin. The

paitents who could survive on hemodialysis for a longer time, could be more stabilize.

Frequency of hemodialysis

The frequency of hemodialysis either 2 times or 3 times affect the effect of
enalapril of enalapril in decreasing Hct levels, the percentages of decreasing in Hct
levels were similar and the Hct levels were all statistically significantly decreasing
from the time when they did not consume enalapril. The baseline Hct levels of the
patients who were on hemodialysis 3 times per weeks were significantly higher than
the patients who were on hemodialysis 2 times per week. This means that more
adequacy of dialysis will cause better response to erythropoietin and in turn higher

level of Hct.



CHAPTER VI

CONCLUSION

Enalapril had direct effect on hematocrit level in hemodialysis patients. Patients
who were not taking enalapril or stopped taking enalpril at least 4 months
before the study, then started taking enalapril for 4 months, their Het levels
were decreased significantly. For patients who were taking enalapril for at least
4 months, then, enalapril was stopped for 4 months, their Hct levels were
increased significantly. The decrement in Hct levels caused by enalapril was
more prominent in the patients who were not treated with erythropoietin as

compared to those who were taken erythropoietin.

Higher dosage of enalpril up to 10 mg/day, caused higher effect on the
decrement in Hct levels. Further increment in the dosage of enalapril did not

show further increment in the percentage of reduction in Hct levels.

Erythropoietin is a significant factor related to Hct synthesis. The effect of
enalapril on Hct levels was therefore most apparent in the group of patients
who were not treated with erythropoietin and consumed high dose of enalapril.
However, among patients who were treated with erythropoietin, further
categorized patients into two subgroups consuming >80 units/kg/week and <80
units/kg/week of erythropoietin did not show any significantly different
between the two subgroups. Patients who require treatment with high dosage of
erythropoietin (even when enalapril has not been given) are usually lost higher
amount of Hct along their normal process of clinical treatment conditions
without the effect of enalapril). This might interfere with the observation of the

effect of enalapril.
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4. Only 13 patients were on the same dosage of enalapril and erythropoietin for 12
months, these 13 patients were therefore observed for the duration of effect of
enalapril on Hct level. The effect of enalapril on the decrement in Hct level was
significant at the first 4 months, the decrement was slightly further at the
second 4 months (8 months), then, at the third 4 months (12 months), the
decrement did not move further, in contrary, the Hct level was slightly
increased. This might due to the saturation of the effect of enalapril or the
process become tolerant or the regulator process of the body might take place
mostly within 8 months.

For the rest of the patients, those who were not on erythropoietin were
mostly discontinued from observation after the first or second 4 months due to
requirement for addition of erythropoietin and/or packed red cell, while for
those who were on erythropoietin were mostly discontinued from observation

after the first or second 4 months due to changing in enalapril dosage.

5. Sex, age, duration of hemodialysis and frequency of dialysis did not affect the

effect of enalapril on Hct levels of the patients.

This study had several favorable points. For instance, the number of
subjects recruited into this study was higher than most previous studies, the
monitoring time was longer, the study design was a before and after treatment with
enalapril pattern, so the patients became self controlled which could help
eliminated several confounding factors. The study compared the effects of enalapril
in patients who were and were not treated with erythropoietin, since erythropoietin
is a strongly confounding factor of Hct level, the effect of enalapril could then be
clearly concluded in patients who were not treated with erythropoietin. In addition,

this study also categorized patients according to enalapril dosages and monitoring
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on the constant conditions of the patients for 12 months period, these parts of
information had never been reported.

The present study has several limitations. First, this study was a
retrospective study. Second, enalapril might not be the only factor that caused
decreasing in Hct levels since several other confounding factors such as serum
parathyroid hormone, serum ferritin that often had been monitored and controlled
in most studies had not been recorded and controlled in our study. Third, the effect
of erythropoietin and packed red cell might be prolonged for more than 4 months,
therefore, the dosage of erythropoietin and packed red cell should be kept stable for
at least 8 months to make sure that these confounding factors will not interfere with
the results. Fourth, the number of patients recruited were too small especially for
categorized into different subgroups with different dosages of enalapril and/or
erythropoietin.

Further studies using prospective design in higher number of patients and
better controls of all the confounding factors are desired before any definite

conclusion could be made.
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Appendix A
PATIENT GENERAL DATA FORM
Foyariylvesdile
L Y T (TR TV 03T OO TRAGUAAOUAD oo
2. we [ e O v

3. Suideri] HEUFMNT5A AT 0FATUEN oo
4. IBMIT ﬂymmmull@miz qusn  [JHemodialysis [_] Peritoneal dialysi []Kidney transplant
5. ﬁﬂ1ﬁuﬁ1ﬁﬂ1§gﬂ]ﬂﬁ/lﬂlmuhlﬂﬂigﬁuiﬂ ] ﬁﬁmﬁuﬁy ] AU
6. mmmaﬂsﬂ"lmwé@%q
DGlomerulonephritis : Biopsy-proven (ina kidney biopsy)
(OFocal Segmental Glomerulonephritis (O Membranous Nephropathy
OMembranous Glomerulonephritis O IgA Nepropathy
OMesangial proliferative [gM Nephropathy O Crecentric Glomerulonephritis (RPGN)
] Glomerulonephritis : Presumed (no biopsy) [] Diabetic Nehropathy [] Hypertension
[ Cystic Kidney Disease L1 Analgesic Nephropathy [ Alport’s Syndrome
[] Obstructive Nephropathy [] Gouty/uric acid Nephropathy [ Lupus Nephritis
L] Allograft Dysfunction []Other causes(specify)....... ... Unknown

7. Comorbid condition (81M15438N13 HREME 1Y 10 7))

8. ANUFPI(cm) ...
9 o Y A
mayama‘mmmamaﬂama@ﬂ

9. naundslumslonideadenss (U UIN) it TU. ¢ et N
10. AmmdvesmsHenideanedan ] 2a39 3 %

11. ‘Eﬁ’iﬁh (dry weight) mmzﬁ"lﬁ’%’um enalapril (Kg) ..........cooviiiiiiiiiinl.

12. Vascular access ﬁﬂlﬁgf} ] AV fistular (shunt) H AV graft

[] Permanent catheter [] Temporary catheter
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Date

Bs

BUN

Cr

Uric

Na

Cl

CO,

Ca

P
Alb

Glob

Chol

TG

HBsAg

HBsAb

AntiHCV

AST

ALT

Semen Ferritin

TSAT

TIBC

Serum iron

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post
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Pt.

No.

Dose(mg/d) Month 1

Enalapril E

0

5

10

20

40

0

Dose(mg/d) Month 5

Enalapril E

0

5

10

20

40

0

Dose(mg/d) Month 9

Month 11

Month 12

Enalapril E, H, E, H, E,

0

5

10

20

40

0

Note:

H refer to Hct levels

E refer to Erythropoietin dosage
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Date

Medication

Dosage/Administration

Off date
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Demographic data of the individual subjects (patients who had not taken enalapril then

start taking enalapril for 4, 8 and 12 months; n=48)

Code Name Sex Age Dry weight Height
(years) (kg) (cm)
A01 sommari female 38 335 145.00
A02 wichaitoa male 61 54.5 157.96
A03 somchai male 60 69 165.00
A04 weerapol male 32 67 165.00
A05 sakti male 33 60.5 170.00
AQ6 kao male 43 69.5 168.00
A07 somboon male 58 43 158.00
A08 surin male 31 45.5 150.00
AQ9 panya female 41 50.5 150.00
Al0 prasarn male 41 57 162.00
All kamolphon female 55 71.5 150.00
Al2 prasuthep male 53 47.5 165.00
Al3 tanya male 36 50.3 165.00
Al4 kasame male 45 59 170.00
Al5 jaturong male 34 78 195.00
Al6 sompong male 42 55 170.00
Al7 narongsak male 25 48.5 158.00
Al8 pisitsanti male 45 52 162.00
Al9 suthepsuk male 52 66.5 165.00
A20 nikorn male 35 41 157.96
A21 panjarot female 43 53.5 145.00
A22 chanon male 22 50 157.96
A23 sutham male 28 55 167.00
A24 surapon male 47 65.8 163.00
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Demographic data of the individual subjects (patients who had not taken enalapril then

start taking enalapril for 4, 8 and 12 months; n=48) (cont.)

Code Name Sex Age Dry weight Height
(years) (kg) (cm)
A25 sompong male 41 55.5 170.00
A26 subil male 54 62 160.00
A27 montri male 27 48 155.00
A28 pasin male 52 52 161.00
A29 marastri female 51 60 160.00
A30 satit male 47 55.5 160.00
A3l janpeng male 45 52 170.00
A32 nidarat female 38 45 154.00
A33 banjong female 43 43 157.96
A34 Kraisorn male 42 62.5 162.00
A35 somboon female 32 38 157.96
A36 opart male 28 55 170.00
A37 wichai male 39 54.5 157.96
A38 sumreng male 35 51.5 168.00
A39 phonsiri female 48 47.5 159.00
A40 suchada female 49 46.5 153.00
A4l wiparat female 44 46 149.00
A42 montha female 56 45 157.96
A43 rattana female 31 44 145.00
Ad4 phontong female 40 44 155.00
A45 somsakpan male 35 43 152.00
A46 phontip female 25 40.5 148.00
A47 piliarat female 41 39.5 160.00
A48 somkid female 24 39 157.96
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Demographic data of the individual subjects (patients who had taken enalapril then

stop taking enalapril for 4 months; n=9)

Code Name Sex Age Dry weight Height
(years) (kg) (cm)
BO1 pisitjia male 30 54.5 160.00
B02 sompop male 28 58 157.96
BO3 jintana female 63 42 150.00
B04 chayakorn male 44 53.5 157.96
BO5 paiboon female 48 95 160.00
B06 pranprai male 32 45.5 167.00
BO7 maliwan female 62 40 148.00
B08 chutima female 49 47.5 162.00
BO9 siripan female 33 42 157.96
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Demographic data of the individual subjects (patients who had not taken enalapril then

start taking enalapril for 4, 8 and 12 months; n=48)

Code

Cause of chronic
kidney disease*

Comorbid
condition**

Duration of
hemodialysis (years)

Frequency of dialysis
(times/wk)

A01

3

A02

AQ3

A04

AQ5

A06

AQ07

AQ8

A09

Al0

All

Al2

Al3

Al4

Al5

Al6

Al7

Al8

Al9

A20

A?21

A22

A23

A24

= = = = =
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Demographic data of the individual subjects (patients who had not taken enalapril then

start taking enalapril for 4, 8 and 12 months; n=48) (cont.)

Code Cause of chronic Comorbid Duration of Frequency of dialysis
kidney disease* condition** | hemodialysis (years) (times/wk)
A25 9 3 2 2
A26 10 16 12 2
A27 9 8 4 2
A28 9 6 1 3
A29 9 12 7 3
A30 7 8 14 3
A3l 18 8 6 2
A32 4 3 4 2
A33 7 3 2 2
A34 6 3 5 3
A35 9 3 4 2
A36 18 3 3 3
A37 7 15 2 3
A38 13 3 3 2
A39 18 3 7 2
A40 9 3 2 3
A4l 7 3 6 2
A42 9 3 2 3
A43 7 3 5 2
Ad4 18 = 3 3
A45 7 3 5 2
A46 15 3 5 2
A47 7 3 8 3
7 15 1 2

A48
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APPENDIX H

Demographic data of the individual subjects (patients who had taken enalapril then

stop taking enalapril for 4 months; n=9)

Code Cause of chronic Comorbid Duration of Frequency of dialysis
kidney disease* condition** | hemodialysis (years) (times/wk)
BO1 5 3 1 3
B02 7 16 2 2
B03 13 3 4 2
B04 7 3 15 3
BO5 8 11 9 3
B06 13 3 4 3
BO7 18 8 4 3
B08 13 8 7 3
B09 19 16 5 3

* Causes of chronic kidney disease

** Comorbid condition

1-Focal segmental glomerulonephritis (FSGN)
2-Membranous nephropathy

3-MPGN

4-1gA nephropathy

5-Mesangial proliferative IgM nephropathy
6-Crecentric glomerulonephritis (RPGN)
7-Glomerulonephritis (no biopsy)
8-Diabetic nephropathy

9-Hypertension

10-Cystic kidney disease

11-Analgesic nephropathy

12-Alport’s syndrome

13-Obstructive nephropathy, CTIN
14-Gouty/uric acid nephropathy

15-Lupus nephritis

16-Allograft dysfunction

17-Other causes

18-Unknown

1-AMI or UA

2-CHF

3-HTN

4-DM

5-AMI or UA and CHF

6-AMI or UA and HTN

7-AMI or UA and DM

8-CHF and HTN

9-CHF and DM

10-HTN and DM

11-AMIi or UA and CHF and HTN and DM
12-AMI or UA and CHF and HTN
13-AMI or UA and HTN and DM
14-AMI or UA and CHF and DM
15-none

16-no data
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Code | BUN Cr Uric | Na K Cl COs Ca PO, | Alb | AST | ALT PTH Ferritin | TIBC Iron
A01 44 8.6 59 | 140 | 44 | 98 24 | 103 | 29 | 45 - - - - 25.08 -
A02 | 631 | 122 | 91 | 142 | 4 | 102 | 211 | 95 1.9 4 - - 93.63 - - -
A03 56 13.6 7 139 | 49 | 103 | 25 9.9 5.5 - - - 55.72 - - -
A04 57 12.6 - 141 | 42 | 101 | 22 9.7 5.3 - - - - - - -
A05 63 5.9 9.4 | 139 |39 | 99 24 9.4 3b 5 - - 411.90 810.40 | 271.00 | 84.00
A06 89 195 | 11.7 | 140 | 5.2 | 99 20 9.8 6.8 | 44 - - - - - -
A07 51 137 | 54 | 141 | 45 | 106 | 27 7.9 Selam(#3.9 - - 227.20 - - -
A08 101 [ 242 | 10 | 142 | 6.2 | 108 | 13 8.3 AL 4 - - - - - -
A09 62 9.5 53 | 143 | 52 | 103 | 25 8.6 310 (mes3 - - - - - -
Al10 69 13 5 143 | 5.2 | 100 | 30 (0N 2 4. 1 - - - - - -
All | 53.7 10 9.7 | 135 | 43 | 98 | 249 | 94 6 4.2 12 10 370.60 - - -
Al2 60 101 | 83 | 142 | 54 | 102 | 26 8.9 S, M - - - - - -
Al3 64 148 | 64 | 142 | 3.7 | 103 | 28 101 | 45 | 42 10 6 - - - -
Al4 45 6.6 52 | 142 | 44 | 102 | 30 8.6 41 | 3.8 45 41 - - - -
Al5 71 121 | 6.9 | 143 | 49 ] 102 | 23 102 | 69 | 4.2 - - - - - -
Al6 31 7.3 43 | 132 | 47 | 93 30 7.7 6.1 | 46 - - - - - -
Al7 108 | 166 | 99 | 138 | 46 | 99 20 8.3 6.1 | 44 - - - - - -
Al8 55 15 76 | 138 | 44 | 96 19 9.6 54 | 338 - - - - - -
Al9 56 107 | 4.7 | 144 | 5.7 | 100 | 27 7.6 56 | 41 - - - - - -
A20 34 6.3 45 | 141 | 32 | 103 | 25 10 4.9 4 19 22 16.19 - - -
A2l 77 11.8 8 140 | 41 | 101 | 18 106 | 6.4 4 10 10 - - - -
A22 | 676 | 146 | 82 | 148 | 46 | 102 | 23 8 6.4 | 4.1 13 13 289.50 887.00 | 206.00 | 92.00
A23 73 112 | 95 | 141 | 36 | 107 | 24 9.3 4 3.6 21 50 - - - -
A24 86 10.7 | 84 | 145 | 59 | 101 | 16 11:6~S 78 4 14 9 - - - -
A25 81 145 | 84 | 143 | 5.2 | 109 | 17 7.9 55 || 87 - - - - - -
A26 | 61.7 | 105 | 8.02 | 136 [ 45 | 96 | 27.9 8 4.8 4 - - - - - -
A27 30 7.5 - 140 | 44 | 101 | 28 9.2 48 | 39 41 33 647.10 - - -
A28 - 11 8.3 | 138 | 48 | 103 | 20 9 59 | 43 - - - 140.50 | 138.00 | 55.00
A29 65 9.4 8.7 | 143 | 45 | 102 | 27 9.8 4 4.3 - - - - - -
A30 38 8.7 43 | 142 | 44 | 92 | 303 | 103 4 4.6 - - 558.70 - - -
A3l 63 14 - 139 | 45 | 102 | 249 | 2.64 | 143 - - - 78.68 - - -
A32 | 68.7 16 9.6 | 141 | 59 | 100 | 23.2. | -10 9.1 | 4.1 - - 374.60 - - -
A33 37 7.6 58 | 146 | 35 | 105 | 30 9.5 5.5 - - - - - - -
A34 61 15 6 134 | 42| 100 | 22 9.7 36 | 41 - - 14.36 708.80 | 32.20 | 49.00
A35 | 95.8 16 | 104 | 135 | 42 | 98 | 228 | 102 | 2.8 | 37 11 7 22.78 - - -
A36 52 114 | 54 | 142 |41 101 | 25 9.4 38 | 46 - - 809.50 984.40 | 256.00 | 60.00
A37 38 10.1 | 55 | 143 | 43 | 100 | 28 103 | 29 |43 - - - - - -
A38 80 167 | 6.2 | 142 | 49 | 107 | 176 | 9.2 5 - 18 10 189.90 - - -
A39 59 10 - 136 | 46 | 96 24 | 112 | 74 | 338 - - 9.25 - - -
A40 82 139 | 71 | 143 | 4 | 104 | 189 | 105 | 43 - - - 50.38 - - -
A4l 53 9.9 81 | 141 | 41 | 100 | 28 9.7 36 | 4.2 - - - 351.00 - -
A42 31 5.5 34 | 142 | 44 | 103 | 31 133 | 33 | 42 41 41 5.58 - - -
A43 104 | 171 | 88 | 143 | 52 | 102 | 28 10 5.8 - 19 13 - - - -
Ad4 52 12.6 - 142 | 42 | 101 | 25 9.9 55 | 4.6 - - 1361.00 - -
A45 66 109 | 96 | 145 |56 | 107 | 21 9.6 63 | 41 - - - - - -
A46 60 11 79 | 137 |52 | 98 26 104 | 6.1 | 4.2 - - 141.50 - - -
A47 | 951 | 9.9 83 | 137 | 53 | 100 | 22 102 | 36 | 44 10 11 232.20 - - -
A48 81 118 | 74 | 139 | 42| 92 30 9.6 48 | 45 - - - 483.70 | 260.00 | 72.00
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Code | BUN | Cr | Uric | Na K Cl | CO; | Ca PO, | Alb | AST | ALT PTH Ferritin | TIBC Iron
B0O1 30 76 | 29 | 139 | 36 | 96 22 12 4.1 5 - - - - - -
B02 63 156 | 58 | 142 | 4.7 | 102 27 8.7 7.7 4 - - - - - -
B03 48 6.9 - 143 | 4.2 | 98 23 - 16 | 44 - - 635.40 - - -
B04 69.1 13 98 | 142 | 45 | 100 | 24.8 | 10.5 5.3 4.4 9 6 111.50 - - -
B05 51 9.7 9.6 | 140 | 45 | 102 23 115 4.9 4.1 - - 290.00 - - -
B06 127 102 | 84 | 143 | 3.3 | 100 29 9.2 25 5.4 - - 623.10 - - -
B07 30.1 7.6 51 | 139 4 104 27 9.5 2.7 4.7 - - - - - -
B08 - 8.4 6.8 | 141 | 46 | 103 19 10.2 5 4.1 21 13 293.50 | 1058.00 - -
B09 | 66.3 | 113 - 140 | 53 | 99 | 25.7 | 10 55 | 4.6 - - - - - -
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Code | BUN Cr Uric | Na K Cl CO3 Ca PO, | Alb | AST | ALT PTH Ferritin | TIBC Iron
A0l 46 8.2 6.3 | 139 | 44 | 93 21 9.4 26 | 4.2 - - 184.00 - - -
A02 - 8.6 6.5 | 142 | 42 | 105 | 18 8.7 3.1 4 27 23 548.00 82.10 346.00 | 13.00
A03 62 125 | 78 | 136 | 46 | 98 27 9.6 42 | 45 5 5 - 233.00 | 239.00 | 130.00
A04 52 105 | 6.6 | 144 | 45 | 106 | 26 7.6 24 | 44 17 18 139.00 - - -
A05 76 72 | 114|139 | 36 | 102 | 253 | 9.1 42 | 43 - - - - - -
A06 - 10.8 7 140 | 5.7 | 102 | 24 | 104 | 6.6 | 47 16 15 458.80 - - -
AQ7 52 11 52 | 137 | 5.1 | 106 | 28 8.5 3.7 | 37 25 13 52.10 - - -
A08 - 8.3 - 146 | 5 | 108 | 28 9.1 6.4 - - - 1077.00 - - -
A09 107 [ 121 | 85 | 138 | 6.3 | 102 | 19 8.4 48 | 3.7 - - - - - -
Al10 78 11.7 7 141 (+#3.8 |©99 | 199 [ 105 | 3.4 - 25 26 1003.00 - - -
All 82 107 | 75 | 138 | 4 99 29 103 | 45 | 38 - - 254.00 - - -
Al2 82 9.8 9 137 | 56 | 119 | 21 9.4 47 | 39 16 11 - - - -
Al3 65 124 | 55 | 143 | 39 | 104 | 26 101 | 38 | 4.2 - - - 350.00 - -
Al4 40 5.4 47 | 141 42 | 108 | 21 9.1 M5y (SN - - - - - -
Al5 42 7.4 43 | 146 | 43 | 104 | 23 9.5 8.7 4 - - 565.80 - - -
Al6 57 113 | 64 | 136 | 51 | 98 22 8.2 45, W42 10 10 - - - -
Al7 - 118 | 7.1 | 148 | 54 | 103 | 30 8.7 31 | 47 43 25 122.10 - - -
Al8 85 16.3 9 137 1 41| 98 23 9.2 45 | 38 9 12 - - - -
Al19 - 133 | 85 | 132 | 58 | 98 | 22.7 | 144 | 82 | 3.9 21 31 30.70 - - -
A20 49 9.2 - 140 | 5.6 - 24 7.6 78 | 28 - - - - - -
A21 83 129 | 91 | 139 | 42 | 101 | 25 106 | 74 | 3.7 - - 801.80 - - -
A22 71 14.5 - 144 | 54 | 106 | 16 9.1 58 | 4.1 4 13 - - - -
A23 41 8.3 55 | 139 | 41 | 105 | 20 i 39 | 45 11 10 - - - -
A24 76 101 | 6.7 | 145 | 52 | 105 | 24 | 117 | 64 | 4.2 - - - - - -
A25 91 16 9.7 | 140 | 53 | 107 | 19 7.9 4.9 4 11 10 333.50 - - -
A26 49 112 | 762 | 135 [ 4.1 | 102 | 24.2 | 8.2 51 | 3.8 - - - - - -
A27 67 13 8.7 | 136 | 5.8 | 102 | 27 128 | 6.7 | 35 - - 35.54 - - -
A28 | 669 | 117 | 76 | 143 | 42 | 97 23 | 249 | 22 | 43 - - 338.00 - 247.00 | 74.00
A29 - 6.4 5 142 | 6.7 | 106 | 20 118 | 36 | 4.2 11 12 667.40 - - -
A30 - - 86 | 138 | 33| 94 | 259 | 24 | 066 | 47 - - 470.40 - - -
A3l - - - 140 | 49 | 101 | 248 | 9.8 92 | 46 - - - - - -
A32 55 7.2 95 | 139 | 48 | 100 | 26 9.1 7 4.1 - - 588.70 - - -
A33 47 8.4 5.7 | 142 | 38 | 104 | 26 - - - - - - - - -
A34 44 11.4 - 137 | 5 | 102 | 22 9.4 47 | 43 - - - 733.00 | 193.10 | 71.00
A35 - 9.9 56 | 139 | 48 | 103 | - 24 8.6 45 136 - - - - - -
A36 64 106 | 6.6 | 142 | 46 | 100 | 27 9.1 48 | 45 - - - 705.80 | 288.00 | 92.00
A37 45 116 | 64 | 140 | 57| 97 26 - - - - - - - - -
A38 | 716 | 186 | 96 | 146 | 4.7 | 99 | 26,6 | 9.6 53 | 37 - - - - - -
A39 82 114 | 85 | 136 | 46 | 95 22 9.3 53 | 35 21 11 - - - -
A40 62 101 | 45 | 136 | 49 | 103 | 242 | 10.7 | 4.2 - - - - - - -
A4l 63 9.2 83 | 138 | 5 98 25 9 88 | 41 17 14 - 1610.00 | 338.00 | 89.00
A42 77 8.7 - 136 | 65 | 97 22 103 | 55 | 43 - - 68.60 165.70 | 220.00 -
A43 92 171 ] 91 | 142 | 54 | 99 27 107 | 62 | 37 - - - - - -
Ad4 42 112 | 91 | 143 | 4 | 106 | 24 9.1 43 | 43 22 16 1029.00 - - -
A45 76 11.8 | 106 | 143 | 47 | 103 | 28 9.5 56 | 4.3 20 15 - 1400.00 - -
A46 54 131 | 79 | 138 | 51| 93 27 125 | 68 | 45 - - - - - -
A47 | 50.3 9 6.6 | 139 | 43 | 101 | 20.7 | 9.2 23 | 41 - - - - - -
A48 61 9.2 49 | 138 | 58 | 97 33 9.6 2.7 4 - - - 350.10 | 331.00 | 113.00
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Code | BUN | Cr | Uric | Na K Cl | CO; | Ca PO, | Alb | AST | ALT PTH Ferritin | TIBC Iron
B01 38 95 | 49 [142 | 49| 95 29 9.4 39 | 37 58 125 - - - -
B02 63 13 63 | 144 | 5 | 104 | 24 | 109 | 84 | 45 - - 102.00 - - -
B03 45 7.9 - 143 | 3.8 | 98 26 | 102 | 25 | 45 - - - - - -
B04 81.8 | 12.1 11 138 | 46 | 96 21 10 4.4 4.4 - - 585.50 - - -
B05 53 92 | 84 [139 | 45| 100 | 24 | 108 | 5.7 4 - - 330.10 | 373.00 | 301.00 | 122.00
B06 78 11.2 7 140 | 43 | 99 26 8.8 3.9 4.3 - - 1263.00 - - -
B07 44 105 | 74 | 141 | 55 | 107 | 23.8 9.3 2.9 4 - - 41.30 - - -
B08 85 112 | 10 | 135 | 4 98 15 9.9 6.6 | 4.2 - - - 220.50 - -
B09 | 71.7 | 105 - 140 | 5.1 | 95 | 27.2 | 9.28 6 4.5 9 7 309.46 | 357.80 | 39.00 | 63.00
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APPENDIX K

Hematocrit levels and percentage of change data of the individual subjects

Code Dose EPO | Dose EPO | Dose of enalapril Hct levels every 4 months (%) Percentage of change every 4 months (%)
(unit/kg/wk) | (unit/wk) (mg/day) Base line 4 8 12 4 8 12

A0l 0 0 2.5 24 23 - - -4.17

A02 0 0 5 27 26 - - -3.70

A03 0 0 5 41 35 - - -14.63

A04 0 0 5) 26 25 30 32 -3.85 15.38 23.08

A05 0 0 5 30 28 28 - -6.67 -6.67

A06 0 0 5 42 33 - - -21.43

A07 0 0 5 21 20 21 - -4.76 0.00

A08 0 0 5 24 28| 25 26 -4.17 4.17 8.33

A09 0 0 5 21 19 18 17 -9.52 -14.29 -19.05

Al10 0 0 5 31 28 - - -9.68

All 0 0 5 28 26 27 27 -7.14 -3.57 -3.57

Al2 0 0 10 24 16 - - -33.33

Al13 0 0 10 33 18 - - -45.45

Al4 0 0 10 40 37 20 28 -7.50 -50.00 -30.00

Al5 0 0 10 26 25 - - -3.85

Al6 0 0 10 28 23 23 - -17.86 -17.86

Al7 0 0 10 21 16 - - -23.81

Al8 0 0 10 28 24 20 - -14.29 -28.57

Al9 0 0 20 45 42 - - -6.67

A20 0 0 20 20 21 - - 5.00

A2l 0 0 20 29 25 30 31 -13.79 3.45 6.90

A22 0 0 40 21 18 - - -14.29

A23 0 0 20 25 18 - - -28.00

A24 0 0 40 28 28 33 35 0.00 17.86 25.00

A25 0 0 40 25 21 22 20 -16.00 -12.00 -20.00

A26 0 0 40 43 38 31 27 -11.63 -27.91 -37.21

A27 20.83 1000 10 30 28 26 - -6.67 -13.33

A28 28.85 1500 5 32 30 - - -6.25

A29 33.33 2000 20 26 25 - - -3.85

A30 36.04 2000 20 35 28 - - -20.00

A3l 38.46 2000 5 30 28 - - -6.67

A32 44.44 2000 20 29 25 - - -13.79

A33 46.51 2000 20 30 29 | 28 - -3.33 -6.67

A34 48 3000 40 31 30 27 29 -3.23 -12.90 0.00

A35 52.63 2000 5 24 20 21 - -16.67 -12.50

A36 72.73 4000 5 35 31 - - -11.43

A37 73.39 4000 20 29 29 - - 0.00

A38 77.67 4000 5 31 31 29 33 0.00 -6.45 6.45

A39 84.21 4000 10 31 29 - - -6.45

A40 86.02 4000 5 33 33 30 33 0.00 -9.09 0.00

A41 86.96 4000 5 25 21 - - -16.00

A42 88.89 4000 5 34 37 - - 8.82

A43 90.91 4000 10 29 25 23 - -13.79 -20.69

A4 90.91 4000 40 33 31 32 - -6.06 -3.03

A45 93.02 4000 5 27 25 25 - -7.41 -7.41

A46 98.77 4000 20 34 35 - - 2.94

A47 101.27 4000 10 34 30 35 35 -11.76 2.94 2.94

A48 102.56 4000 20 40 30 - - -25.00
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Code Dose EPO | Dose EPO | Dose of enalapril Hct levels every 4 months (%) Percentage of change every 4 months (%)
(unit/kg/wk) | (unit/wk) (mg/day) Base line 4 8 12 4 8 12

BO1 0 0 5 33 25 - - -24.24

B02 0 0 5 32 32 - - 0.00

B03 0 0 10 25 24 - - -4.00

B04 0 0 40 39 36 - - -7.69

B05 4211 4000 5 35 34 - - -2.86

B06 43.96 2000 10 22 21 - - -4.55

BO7 50 2000 5 27 27 - - 0.00

B08 84.21 4000 5 36 33 - - -8.33

B09 142.86 6000 20 34 30 - - -11.76
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