UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Blocking effects of the renin-angiotensin system in long-term peritoneal dialysis
patients

Kolesnyk, I.

Publication date
2010

Link to publication

Citation for published version (APA):
Kolesnyk, I. (2010). Blocking effects of the renin-angiotensin system in long-term peritoneal
dialysis patients. [Thesis, fully internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:09 Mar 2023


https://dare.uva.nl/personal/pure/en/publications/blocking-effects-of-the-reninangiotensin-system-in-longterm-peritoneal-dialysis-patients(1e231dfd-a046-4923-81b6-b351ca51cb65).html

All inhibitors and residual renal function

in long - term PD patients

Chapter 3

Treatment with A-ll inhibitors
and residual renal function in
PD patients

Inna Kolesnyk, Marlies Noordzij,
Friedo W. Dekker, Elisabeth W. Boeschoten
and Raymond T. Krediet

Perit Dial Int, in press

51



Chapter 3

Methods: First we analyzed the time course of residual glomelurar filtration rate (rGFR)
decline in 452 incident PD patients who were not anuric at the start of dialysis and had
structured follow-up data with measurements at 3, 6, 12, 18, 24, 30 and 36 months after
the start of dialysis. rGFR changes over time were analyzed with a linear mixed model
for repeated measures. Additionally Cox regression models were used to estimate the
risk of anuria development. With a second approach we aimed to repeat the above analy-
ses within a selected group of patients, who theoretically could have been randomized
and therefore resemble the population studied in two mentioned RCTs. Also in this group

the follow-up was restricted to one year.

Conclusion: Our findings are not in line with the results of previous RCTs. Given all the
benefits of ACEi/ARB the medications should not be withheld from PD patients. However

their renoprotective effects may often be overruled by other factors influencing the time

course of rGFR.
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Introduction

The importance of the preservation of residual renal function (RRF) in peritoneal dialysis (PD)
patients is obvious. It has a positive influence on PD adequacy and patients’ survival (-3) Bet-

(4’@, improved fluid (/) and nutritional

ter preserved RRF is associated with less comorbidity
status ). One of the advocated strategies for RRF preservation in PD patients is blockade of
the renin-angiotensin system (RAS) with angiotensin-converting enzyme inhibitors (ACEi)
and angiotensin receptor blockers (ARB). The use of these medications is well-known to have
a renoprotective effect in patients with CKD of various aetiologies in chronic kidney disease
stages I-IV -1)_ Results of the study of Moist et al. suggested that a beneficial effect of ACEi/
ARB on RRF is also present after dialysis initiation (12). However, another study could not
confirm such results ('*). Moreover, two randomized controlled trials (RCT) were performed
to study the impact of ACEi/ARB on the rate of decline of residual glomelurar filtration rate
(rGFR) in patients receiving PD and both showed a positive effect of these medications (1415),
The impact of these results for the general PD population is difficult to assess, because only
patients without the accepted indications for ACEi/ARB could be randomized.

The aim of our study is to confirm the results found in the RCTs in a large cohort of PD
patients with a long prospective follow-up using both intention-to-treat and as treated de-

signs.

Methods

Patients

The patients were selected from the database of the Netherlands Cooperative Study on the
Adequacy of Dialysis (NECOSAD). This is a large prospective multicentre cohort study in
which patients with end stage renal disease from 38 dialysis centers in the Netherlands were
followed from the initiation of dialysis until transplantation or death. At the start of dialysis
all patients were older than 18 years and had never received renal replacement therapy in
the past.

All 585 incident patients who had started renal replacement therapy with PD in the period
between January 1 1997 and July 1 2007 were considered for the current analyses. In order to
study the time course of rGFR the patients who were anuric already at the start of PD therapy
were excluded. To be included, patients had to have a measurement of rGFR available at the
time point 3 months after the start of dialysis as well as data on the use of ACEi and ARB and
other antihypertensive medications (R-blockers, calcium channels antagonists, diuretics).

After the inclusion patients were followed as long as PD therapy continued.
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Data collection

Demographical data, as well as data on comorbidity and primary kidney disease, were col-
lected within 1 month prior the start of dialysis treatment. During the follow-up, data on
blood pressure, proteinuria, body mass index (BMI), use of antihypertensive medications
and residual renal function were collected at 3, 6, 12, 24, 30 and 36 months after the start
of dialysis.

Primary kidney disease was classified according to the codes of the European Renal
Association - Dialysis and Transplantation Association (ERA-EDTA) — European Renal Asso-
ciation Registry (19), Comorbidity was scored on the basis of Davies’ comorbidity index as
having no, intermediate or severe comorbidity based on number of comorbid conditions an,
Cardiovascular disease was recorded if one of the following conditions was present: angina
pectoris, myocardial infarction, congestive heart failure class III-IV, peripheral vascular dis-
ease or cerebro-vascular accident.

RRF was expressed as rGFR and was calculated as the mean of 24 hour creatinine and
urea clearance, corrected for body surface area (ml/min/1.73m?. A 24-hour urine collection
was done prior to the monitoring visit at the outpatient clinic and a blood sample was drawn
at the visit. The rGFR level was set to zero when urine production was <200ml/24h. When
a patient had a rGFR value of zero at two consecutive time points he was defined as anuric
from the first time point that rGFR was zero.

The use of ACEi/ARB as well as other antihypertensive medications was documented
“yes” or “no” at every check-up time point (see above). When “yes” was indicated, the patient

was considered to have used the medication during the period preceding the check-up.

Analysis of the data

To study the time course of rGFR with regard to the use of ACEi/ARB two different approaches
were applied. Firstly, we performed an analysis of the cohort on an intention-to-treat basis.
All included patients were assigned to the ACEi/ARB or control group based on the use of the
medication during the first 3 months of PD treatment. When a patient used ACEi/ARB during
this period regardless of taking these medications before the start of dialysis — this patient
was assigned to the treatment group. If ACEi/ARB were not taken at the start of PD and dur-
ing 3 months after the start, the patient was included in the control group. After that we
compared the time courses of rGFR between the groups for the 3 years of follow-up.

With a second approach we aimed to create conditions similar to ones of the two referenced
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RCTs. Therefore, we restricted our study to one — year follow-up and included only those
patients who theoretically could participate in randomization process. For this purpose we
selected those patients who survived for at least 1 year on PD and excluded those with strict
indications for ACEi/ARB, like myocardial infarction, congestive heart failure, cerebrovascular
accidents. Unlike in the RCTs, we performed our analysis on an “as treated” basis and there-
fore included only those patients, who had been continuously treated with ACEi/ARBs with
those who had not received these medications in the 1st year of PD. The time course of rGFR

during the 1st year on PD was compared between the two groups.

Statistics

To compare patients’ baseline characteristics we used standard descriptive statistics. Stu-
dent’s t-test was applied to compare continuous variables and the chi-square test was used
to compare categorical data. To analyze the effects of ACEi/ARB medication on the decline of
RRF we constructed generalized mixed models for repeated measures. The random-effects
mixed model with unstructured covariate matrix was applied to study differences in rGFR
over time between the two groups. The multivariate model contained rGFR as dependent
variable and treatment group as well as the number of measurements (time) as independent
variables. The independent variables were first analyzed separately, and then with an inter-
action. In addition, the model contained mean arterial blood pressure, proteinuria and the
use of antihypertensive medications as repeatedly measured variables. We also made adjust-
ments for age, gender, diabetes and cardiovascular disease as recorded at baseline.

In addition we performed a Cox proportional hazards model to evaluate the risk factors for
becoming anuric during the first three years of PD therapy with regard to treatment with
ACEi/ARBs. The multivariate model contained age, gender, diabetes, cardiovascular disease, as
well as rGFR, mean arterial blood pressure and proteinuria at 3 months after the start of PD.
All statistical analyses were performed using SPSS statistical software, version 14.0 (SPSS

Inc., Chicago, Illinois, USA). A p-value of 0.05 or less was considered significant.
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Results

Intention-to-treat analysis

Patients

Out of the 585 incident PD patients we excluded those who discontinued with PD therapy
within the first 3 months (n = 36), were anuric at 3 months after the start of dialysis (n=34)
and patients with missing data on rGFR during the first 6 months (n=25). The remaining
490 patients were assigned to the ACEi/ARB or control group. Patients who used these drugs
at the start of PD but stopped right after it were excluded, n = 38. The remaining 452 pa-
tients were included for the current analysis. Those patients who used these medications
at 3 months after the start of PD regardless of taking them prior to the start of dialysis
were included in the treated group (n = 201). Those, who used these medications neither
at the beginning of dialysis nor up to the first 3 months were assigned to the control group
(n = 251).

Compared to the included patients, the excluded ones more often had cardiovascular disease,
had lower rGFR and used less ACEi at the start of dialysis. Other baseline characteristics were
not different between in- and excluded patients.

Out of the 201 patients from the ACEi/ARB group, only 90 started to use them after the first
3 months of PD.

Baseline characteristics of the studied cohort are summarized in Table 1. A difference in
primary kidney disease was present between the two groups. This was due to a higher num-
ber of diabetics in the treated group. More of the ACEi/ARB patients used antihypertensive
medications at the start of PD. In particular, patients from the treated group used diuretics
and calcium channel blockers more often than controls. No other differences between the
two groups were found. When comparing controls with the 90 patients who started to use
ACEi/ARB only after the 3 months of PD, similar differences were detected (data not shown).
With regard to PD modality there was no difference in use of CAPD or APD between the two

groups at any time point (data not shown).

Decline of rGFR
To compare the time course of rGFR between the two groups during the first 3 years of PD
treatment we applied a generalized linear mixed model for repeated measures as described

above. The results of the unadjusted analysis are shown in Figure 1a.
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Table 1: Patients’ baseline characteristics at 3 months after PD initiation.
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Numerical data are given as means +£SD and as medians with ranges, unless otherwise stated.

Group ACEI/ARB  Controls P-value
Number of patients 201 251
Age (years) 52(18-78)  54(20-78) 0.2
Gender (% male) 67 65 0.6
Primary kidney disease (%)
Diabetes 22 12 0.002
Glomerulonephritis 22 15
Renovascular nephropathy 8.5 13
Other 47.5 60
Comorbidity (%)"
Diabetes mellitus 26 15 0.008
Cardiovascular comorbidity 25 21.5 0.6
Congestive heart failure 5.5 7.5 0.3
Myocardial infarction 9.5 7.1 0.5
Cerebrovascular accident 6.5 5.6 0.8
Davies comorbidity score
No comorbidity 55 63 0.2
Moderate comorbidity 37 31
Severe comorbidity 8 6
Mean arterial blood pressure (mmHg) 102 (£13) 102 (%12) 0.2
Residual GFR (ml/min) 5(x2.4) 4.8 (£2.4) 0.4
Proteinuria (g/24h) 1.8 (x2.6) 1.6 (£1.9) 0.4
Body mass index (BMI) 24 24 0.9
Use of antihypertensives * (%) 96 83 0.002
Diuretics 40 27 0.001
Calcium channels blockers 52 33 0.001
Beta-blockers 42 36 0.2

'percentage of patients with the comorbidity conditions existing prior to PD initiation.
“percentage of patients treated with antihypertensive medications at the start of PD therapy.
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We found no difference in rate of decline of rGFR between the two groups, p = 0. 49.
Figure 1b presents the results of the adjusted analysis which also showed no difference,
p = 0.52.
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Figure 1. a) Unadjusted curves for the rGFR decline based on a generalized linear mixed model for repeated
measures for all incident PD patients with a follow-up of a maximum 3 years.
b) Adjusted curves for the rGFR decline. Adjustments are made for mean arterial blood pressure, proteinuria,

use of antihypertensive medications, age, gender, diabetes and cardiovascular disease.
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Because the time course of rGFR could be influenced by baseline GFR, we repeated the
mixed model analyses in subgroups of patients with low and high level of GFR measured
at 3 months after start of dialysis. Subgroups were divided based on the median rGFR value
(4. 6 ml/min/1.73m?). The additional analyses showed a similar time course of RRF in the
different subgroups (data not shown). In addition, because the time course of rGFR could be
influenced by different duration of ACEi/ARB treatment, we repeated the analysis including
into the treated group only the 90 patients who started to use the medications after the start
of dialysis. This change in design did not influence the outcome; no difference between the
two groups was found (data not shown).

Due to drop-out from the study because of transplantation, death or switch to hemodi-
alysis, we were able to record the development of anuria in only 20% of the patients. These
were 49 patients from the ACEi/ARB group and 49 controls, who became anuric within the
three years of follow-up. In addition we performed the Cox proportional hazards model to
verify the relative risk to develop anuria with regard to the use of ACEi/ARB. A crude analysis
showed a similar relative risk of becoming anuric for the treated group vs controls: HR 0.95;
[95% confidence interval (CI): 0.6 to 1.44]. In the analyses adjusted for age, gender, diabetes,
cardiovascular disease as well as mean arterial blood pressure, proteinuria and rGFR, mea-
sured at the 3 months after the start of PD, the relative risk of anuria for the ACEi/ARB group
vs controls showed no significant difference: HR 1.05; [95% CI 0.61 to 1.48].

As-treated analysis

Patients

For the analysis based on the as-treated principle, we selected those PD patients who were
not anuric at the start of dialysis and remained treated with PD for at least one year. To be in-
cluded patient either had to be treated with ACEi/ARB for the whole year or not taking these
medications at all during this period. We found 151 patients who fulfilled the above criteria.
Additionally, to keep only the patients who theoretically could be randomized, we excluded
those having severe cardiovascular comorbidity, that is patients with congestive heart fail-
ure /) as well as the ones with myocardial infarction (13) or cerebrovascular accident © prior
to the start of PD. Out of the remaining 130 patients 37 were treated with ACEi/ARB during
the first year on PD, the other 93 did not take these medications within the studied period.
Comparison of the baseline characteristics is shown in the Table 2. Patients from the treated

and untreated group had similar baseline conditions.
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Table 2: Baseline characteristics of patients in “as treated” analysis. Data are taken at
three months after the start of PD. Numerical data are given as means +SD and
as medians with ranges, unless otherwise stated.

Group ACEI/ARB  Controls P-value

Number of patients 37 93
Age (vears) 49(18-78)  54(20-78) 0.07
Gender (% male) 70 65 0.5
Primary kidney disease (%)

Diabetes 11 10 0.3

Glomerulonephritis 24 12

Renovascular nephropathy 3 8

Other 62 70
Comorbidity (%)
Diabetes mellitus 13 11 0.7
Cardiovascular comorbidity 6 11 0.3

Davies comorbidity score

No comorbidity 75 75 0.8

Moderate comorbidity 24 24

Severe comorbidity 1 1
Mean arterial blood pressure (mmHg) 103 (£13) 103 (x11) 0.8
Residual GFR (m//min) 49 (+2.2) 4.4(£2.2) 0.2
Proteinuria (g/24h) 2 (£2.7) 1.6 (£1.6) 0.2
Body mass index (BMI) 25 25 0.9

Use of antihypertensives2 (%)

Diuretics 46 35 0.2
Calcium channels blockers 35 40 0.1
Beta-blockers 40 48 0.2

'percentage of patients with the comorbidity conditions existing prior to PD initiation.
Zpercentage of patients treated with antihypertensive medications at the start of PD therapy.
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Decline of rGFR

To compare the time course of rGFR between the two groups during the first year of PD

treatment we applied the general linear mixed model for repeated measures as described
previously. The results of an unadjusted analysis are shown in Figure 2a. No difference in

rate of decline of rGFR between the two groups was found, p = 0.2. Adjustment for possible

confounders did not bring a difference in the results, p = 0.23 (Figure 2b).
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Figure 2.a) Unadjusted curves for the rGFR decline based on a generalized linear mixed model for repeated
measures in as treated analysis with 1 year follow-up.
b) Adjusted curves for the rGFR decline. Adjustments are made for mean arterial blood pressure, proteinuria,

use of antihypertensive medications, age, diabetes and cardiovascular disease.
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One patient from the ACEi/ARB group vs 11patients from the controls developed complete
anuria in the first year of treatment, p = 0.1 Because less than 9% of patients developed an-
uria within the 1st year of PD treatment, the results of the Cox proportional hazards model

were not informative (data not shown).

Discussion
The renoprotective effect of ACEi/ARB in PD patients that has been found in two RCT’s, could
not be confirmed in the present prospective observational cohort study. This may partly be
due to the selection of patients in the RCTs, and partly due to “confounding by indication”.
The first RCT on a potential renoprotective effect of the ACE inhibitor ramipril was
done in 60 prevalent PD patients with a GFR= 2ml/min/ 1.73m?(14). 145 patients could not
be enrolled because of the following exclusion criteria: congestive heart failure, myocardial
infarction within the preceding 6 months, clinically significant valvular disease, malignant
hypertension or hypertensive retinopathy, history of hypertensive encephalopathy or cere-
brovascular accident within the preceding 6 months, history of bilateral renal artery steno-
sis. The hazard ratio for the development of anuria was higher in the ramipril group than in
the controls at 3, 6 and 9 months. Only at 12 months the ramipril group had a significantly
lower hazard ratio. Accordingly, the rGFR was higher in the ramipril group only at 9 and 12
months.

The RCT with the angiotensin II receptor blocker valsartan was performed in 32 incident
patients (1), The exclusion criteria were similar to those in the ramipril trial. Remarkably,
the renal creatinine clearance showed a marked increase after 6 months followed by slow
decline to a value at 24 months that still exceeded the baseline one. The controls showed
an initial decline, followed by more or less stable values. The discrepancy between the two
RCTs is remarkable: the first showed a temporary decrease following the instillation of ACE
inhibitor; the second reported an increase after angiotensin II receptor blockade. It can be
hypothesized that the relatively small number of patients in the two RCTs could be the cause
of the discrepancy.

The largest observational follow-up study in 1032 incident PD patients from the US Re-
nal Data System showed that the development of anuria was positively associated with the
presence of diabetes mellitus and congestive heart failure (I2) The use of ACE inhibitors and
calcium channels blockers were both independently associated with a longer duration of the

development of anuria. These renoprotective effects of ACE inhibitors and calcium channels
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blockers could not be confirmed in an observational study in 146 incident PD patients from
Australia (7.

In the present study no effect of ACEi/ARB on the decline of rGFR or on the development of
anuria was found. This was the case when the whole cohort was analyzed, and also when
the exclusion criteria used in the two RCTs were applied. Only a tendency to a longer dura-
tion before the development of anuria was found in the latter analysis.

The difference with the RCTs could be partially explained by confounding by indication,
also known as selection by prognosis. The distinct difference between RCTs and observation-
al studies, such as cohort studies, is that RCT can provide evidence for a causal relationship
because they have the potential to avoid confounding by indication (18),

The patients most often prescribed ACEi/ARB use these drugs because of hypertension, heart
failure and diabetes mellitus. These conditions themselves are associated with a more rapid

decline of residual renal function (' %'%%%)

. However, diabetes was not confirmed to be a pre-
dictor of anuria development in an earlier NECOSAD analysis 1) This might be due to a
lower percentage of diabetics and other possible differences in the studied population. Also
it cannot be excluded that some patients were treated with ACEi/ARB to slow down the de-
cline in rGFR, although the first RCT on this issue in PD patients was only published in 2003.
Prescription of ACEi/ARB to prolong survival may have occurred based on results from the
studies in predialysis patients (2223) positive effect on survival in HD patients was pub-
lished in 2002 **) while in PD patients such an effect is controversial (25:26)

Our study has some additional limitations. First of all, information about treatment with
ACEi/ARB before the start of dialysis is not available. It may be that some patients were tak-
ing the medications but stopped prior to dialysis initiation. This could have influenced our
outcome. Secondly, it is unknown why exactly the patients were prescribed ACEi/ARBs.

We conclude that a number of factors make it difficult to assess the effects of ACEi/ARB
on residual renal function in the general PD population. Bias, caused by confounding by
indication, can never be excluded despite all the adjustments that can be made. Potential
renoprotective properties of All-inhibitors in PD patients could be overruled by other factors
that influence rate of rGFR decline. The results of the two published RCTs suggest a favorable
effect, but both have been done in a limited number of selected patients and some of the
results are contradictory. Yet, none of the studies suggested a harmful effect of these medi-
cations. Given the many established indications for ACEi/ARB treatment in PD patients the

threshold for prescribing them should be low.
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