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ABSTRACT

Article Type:

Introduction: The goal of any physician who cares about dialysis patients is to increase
their quality of life. Many studies have shown that residual renal function (RRF) in dialysis
patients, especially those undergoing peritoneal dialysis (PD), is an important prognostic
factor for mortality.
Objectives: In the present study, we aimed to investigate the effect of N-acetylcysteine (NAC) as
an antioxidant on increasing RRF in chronic hemodialysis (HD) patients.
Patients and Methods: Ninety-eight chronic HD patients who have urinary output greater than
100 cc in 24 hours participated in this study and were divided into two groups of treatment and
control (49 patients each). Subsequently, the oral NAC treatment group received 600 mg tablets
twice a day before meals. The control group received placebo tablets again twice a day before
meals. The duration of the study was 4 weeks.
Results: The RRF significantly improved in the treatment group during the study period, but
no significant changes were observed in the control group. Residual glomerular filtration rate
(GFR) rose from 1.7 ± 0.73 to 2.7 ± 1.1 mL/min/1.73 m2 (P < 0.0001) in the treatment group,
while in the control group, there was a slight increase from 2.1 ± 0.94 to 2.2 ± 1.19 mL/min/1.73
m2 (P = 0.26). Additionally, the average daily volume of urine in the treatment group increased
from 594 ± 436 to 953 ± 540 mL/24 h (P < 0.0001) in the treatment group and from 809 ± 573 to
771 ± 552 mL/24 h (P = 0.11) in the control group. Finally, the calculation of residual renal Kt/V
per week showed an increase from 0.21 ± 0.06 to 0.31 ± 0.08 (P < 0.0001) in the treatment group
and a decrease from 0.23 ± 0.08 to 0.22 ± 0.08 (P = 0.22) in the control group.
Conclusion: Our study showed that a 4-week NAC treatment improves RRF in chronic HD
patients.
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A four-week N-acetylcysteine treatment may improve residual renal function in chronic hemodialysis patients.
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Introduction
One of the most important purposes of any physician
who is responsible for dialysis patients is to increase their
life quality. In the last two decades, numerous studies
have been conducted to achieve this goal. These studies

have shown that residual renal function (RRF) in dialysis
patients, especially those undergoing peritoneal dialysis
(PD), is an important prognostic factor for mortality (1,2).
For example, the CANUSA study showed that RRF, and
not the dialysis dose, is an important factor for mortality
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prognosis in patients undergoing PD (1).
The benefits of RRF in dialysis patients are related to the
following parameters; improved volume control, minerals
and electrolytes, reduced inflammation, and increased
clearance of materials bound to proteins and medium
molecules (3,4). The importance of RRF becomes clear
when considering its effect on nutrition, cardiovascular
function, mineral metabolism, and hemoglobin levels.
Reduction of RRF leads to an increase in inflammation
and reduces the clearance of uremic toxins, erythropoietin
production, and fluid withdrawal. These effects cause
anemia, malnutrition, cardiac hypertrophy, heart failure,
and atherosclerosis and vascular as well as valvular
calcification which may increase cardiovascular mortality
and decrease the quality of life (5). In recent years,
scholarly attention has been increasingly paid to the
complications of inflammation, increased oxidative stress,
RRF, peritoneal membrane dysfunction and clinical
outcome of patients undergoing PD. It has been shown
that an increased mortality rate in patients with lower renal
function and higher C-reactive protein (CRP) (6) and that
increased oxidative stress reduces RRF in dialysis patients.
Although the exact mechanism of these complications is
not yet known, it seems reasonable to look for a substance
that reduces inflammation and oxidative stress but
increases renal function (7). However, few studies have
ever been conducted to investigate the impact of RRF on
the outcome of patients undergoing hemodialysis (HD)
(2,8). In addition, given that the HD population accounts
for at least 93% of the total dialysis population in most
countries of the world, lack adequate studies in this area is
a major shortcoming (9), and the preservation of RRF in
dialysis patients has remained an insoluble problem (10).
N-acetylcysteine (NAC) contains a combination of
sulfhydryl and its potent antioxidant effects. It is a
glutathione precursor that decreases oxidative stress by
increasing serum levels of antioxidants (11).
Modalities that have already been proven to better
preserve RRF include 1) Using newer dialysis membranes
that are high-flux biocompatible (12). 2) Using NAC as an
antioxidant in HD and PD patients (7,13).
Objectives
In the present study, we aimed to investigate the effect of
NAC as an antioxidant on increasing RRF in chronic HD
patients. Of course, we used low-flux membranes because
in our HD units, the use of high-flux membranes is less
feasible due to its limited availability, and most patients
are under HD with low-flux membranes.
Patients and Methods
Study design
This study is a randomized double-blind controlled trial
that evaluated the effect of NAC on increasing RRF and
urinary output of chronic patients undergoing HD with
a low-flux membrane. The subjects were chronic HD
patients in Ahvaz Imam Khomeini hospital and Golestan
hospital.
270

Inclusion criteria: 1; at least one year from the onset of
dialysis. 2; having a urinary output greater than 100 cc in
24 hours.
Exclusion criteria: 1; any acute illness that has led to
hospitalization one month before or during the study.
2; a history of allergy to NAC 3; hepatic cirrhosis and/
or increased aspartate transaminase (AST) or alanine
aminotransferase (ALT) 4; The use of diuretics, or any
antioxidants such as previous treatment with NAC,
vitamin C or vitamin E, two weeks before or during the
study 5; congestive heart failure with ejection fraction
(EF) <35% 6; failure to use more than 20% of the total
NAC or placebo.
From among patients at different shifts, 106 eligible
patients (from Imam Khomeini and Golestan hospitals),
after obtaining complete descriptions and informed
consent were selected.
Patients were randomly assigned to two groups of treatment
and control using randomization and computer-based
randomized methods. Both groups were dialyzed with
dialysis machines and similar filters. Randomization was
conducted by a person who was unaware of the study. The
subjects were divided into two groups, 53 each. During
the study, 4 patients from each group refused to continue
their cooperation (less than 80% of drug use compliance).
Therefore, they were excluded from the analysis, and
the remaining 98 people were included in this analysis
(Figure 1).
At the beginning of the study, RRF was measured by
collecting 24-hour mid-week inter dialysis and by
calculating glomerular filtration rate (GFR) in residual
renal Kt/V. Patients emptied their bladders before starting
HD and then began to collect urine. Urinary output was
reported in ml per 24 hours. Blood samples for urea
and creatinine were measured at the end of one session
of dialysis and at the beginning of the next session. The
means of urea and creatinine were used to measure
creatinine clearance, and they were normalized to 1.73 m2
area of the body. Residual renal Kt/V was also calculated
as weekly urea clearance adjusted for urea distribution
volume. Subsequently, the oral NAC treatment group
received 600 mg tablets (OsvehTM) twice a day before
meals. The control group received placebo tablets again
twice a day before meals. The placebo tablet was similar to
the NAC tablet in terms of shape, color, hardness and taste.
To control the correct use of drugs, the tablets were given
weekly to the patients and empty packs were delivered and
counted. If the patients did not take more than 20% of the
total number of drugs or placebo, they would be excluded.
The duration of the study was 4 weeks, and the patients
were evaluated for complications each week. After the end
of the study, RRF was again measured and the data were
analyzed using SPSS version 22.0.
Ethical issues
This clinical trial was approved by the ethical committee
of Ahvaz Jundishapur University of Medical Sciences
(code No. IR.AJUMS.REC.1394.471). The proposal which
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106 patients were selected

53 patients were assigned to
NAC group

53 patients were assigned to
placebo group
4 patients refused to participate
(less than 80% of drug use
compliance)

4 patients refused to participate
(less than 80% of drug use
compliance)
49 analyses for end point

49 analyses for end point

Figure 1. Flow chart of participants’ assignment to the study.

At the beginning of the study, RRF was measured by collecting 24-hour mid-week
Table 1. Characteristics
participants
mean (±SD)
is related to this trial
wasdialysis
registered
incalculating
Iranian clinical
inter
and by
glomerular filtration
rate (GFR) inof residual
renal
trials (identifier: IRCT2015122325675N1; http://www.
Treatment
Control
Kt/V.
Patients
emptiedthe
their
bladders
before starting HD and then began togroup
collect
group
irct.ir/trial/21427). The
research
followed
tenets
of the
Number of patients
49
49
Declaration of Helsinki too.

urine. Urinary output was reported in ml per 24
hours.
urea
and
Age
(y) Blood samples for
58.6
± 10.6

P value

56.8 ± 8.1
36 (73.5%)
29 ± 14.56

0.3
1.0
0.4
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Gender, male
36 (73.5%)
Statistical analysis creatinine were measured at the end of one session
of dialysis and at the beginning
Vintage on dialysis (mon)
31.6 ± 16.3
The results are presented as values ± SD. The Kolmogorov–
of ESRD
Smirnov test was applied
to next
test the
normalcy
of the data.
of the
session.
The means
of urea andCause
creatinine
were used to measure
DM
27 (55.1%)
28 (57.1%)
The paired t test was used to compare the pre-intervention
2
HTN
9
(18.4%)
9 (18.4%)
creatinine
they were
and post-intervention
data inclearance,
a group. and
Student’s
t testnormalized for 1.73 m area of the body.
DM+HTN
5 (10.2%)
5 (10.2%)
was used for comparison of the changes between control
Other
8 (16.4%)
7 (14.2%)
Residual renal Kt/V was also calculated as weekly
urea clearance adjusted
for urea
and intervention group. Moreover, P value <0.05 was
considered statically significant. All data were analyzed by
SPSS version 22.0.
NAC was well tolerated in this study and no adverse
effects such as urticaria or hypertension were observed
Results
during treatment.
Ninety-eight patients participated in this study and were
divided into two groups of treatment and control (49
Discussion
patients each). There were 36 male patients in each group.
RRF provides many advantages for ESRD patients,
The mean age in the treatment and control groups was
including a longer life span and a better quality of life
58.6 ± 10.6 and 56.8 ± 8.1, respectively. The demographic
(14). Reduction of RRF in these patients is a good
and clinical data are presented in Table 1. The most
predictor of mortality (15,16). Although dialysis is the
common cause of end-stage renal disease (ESRD) was
main treatment method for ESRD patients, it is not
diabetes mellitus (DM). Clinical and laboratory changes
an ideal method for renal replacement therapy since it
between baseline values and those after 4 weeks of
cannot completely restore renal function (17). Dialysis
treatment are shown in Table 2.
eliminates small soluble materials, controls and improves
The RRF significantly improved in the treatment group
acidity and basicity, but cannot fully accomplish the
during the study period, but no significant changes were
metabolic function (18). Therefore, the preservation of
observed in the control g roup. Residual GFR rose from
RRF with better clearance of large and small molecules
1.7 ± 0.73 to 2.7 ± 1.1 mL/min/1.73 m2 (P < 0.0001) in
brings about volume control and a better metabolic and
the treatment group, whil e in the control group, there
endocrine function, and this is also important even in
was a slight increase fro m 2.1 ± 0.94 to 2.2 ± 1.19 mL/
patients who are about to start dialysis (19,20). The role
min/1.73 m2 (P = 0.26).
of RRF in reducing mortality and increasing longevity is
Also, the average daily volume of urine in the treatment
due to its effects on the volume control and fluid balance
group increased from 594 ±  436 to 953 ± 540 mL/24 hours
in both HD and PD patients. In both groups, increasing
(P < 0.0001) in the treatment group and from 809 ± 573 to
the volume of fluids in chronic form increases the risk of
771 ± 552 mL/24 h (P = 0.11) in the control group.
hypertension, left ventricular hypertrophy and congestive
Finally, the calculation of residual renal Kt/V per week
heart failure (21,22).
showed an increase from 0.21 ± 0.06 to 0.31 ± 0.08
Nutrition and quality of life are also improved in both
(P < 0.0001) in the treatment group and a decrease from
HD and PD patients in case of RRF preservation (23,24)
0.23 ± 0.08 to 0.22 ± 0.08 (P = 0.22) in the control group.
due to lower fluid and food intake (22). RRF is also
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Table 2. Effect of NAC on clinical characteristics and residual renal function, mean (±SD)

Treatment group

P value

Control group

P value

Urine volume, mL/24 h

594 ±436

953 ± 540

< 0.0001

809 ± 573

771 ± 552

0.11

Residual GRF, mL/min/1.73 m2

1.7 ± 0.73

2.7 ± 1.1

< 0.0001

2.1 ± 0.94

2.2 ± 1.19

0.26

Kt/V renal (per week)

0.21 ± 0.06

0.31 ± 0.08

< 0.0001

0.23 ± 0.08

0.22 ± 0.08

0.22

Urine volume change

NA

358 ±308

NA

-37.7 ± 163

Residual GFR change

NA

1.06±0.84

NA

0.15± 0.93

Kt/V renal change

NA

0.09±0.06

NA

-0.007± 0.043

Abbreviations: NAC, N-Acetylcysteine; GFR, glomerular filtration rate; NA, not applicable.

accompanied by a better control of anemia and less need
for erythropoietin (25).
Chronic inflammation is a common finding in dialysis
patients and is in fact part of the pathophysiology of
chronic kidney disease (26). Inflammatory mediators
even increase in people with chronic renal disease who
are at pre-dialysis stage and have not undergone dialysis
(27). When RRF decreases, there will be an increase
in inflammation due to increased oxidative stress and
the activation of monocytes and cytokines in vascular
endothelium (28,29), which results in a faster decline of
RRF (30).
As previous studies have shown, NAC treatment
has supportive effects against oxidative stress and
in replenishing consumed glutathione (31) and
thus improves renal ischemia reperfusion (32).
NAC has also protective effects on the liver and kidneys
and is used as an anti-dot agent in the toxicity of
acetaminophen and contrast nephropathy. It is also used
as a mucolytic because of the free sulfhydryl moiety in
its structure that can break glycoprotein bands in the
molecule.
NAC can be used as a supplement to increase
antioxidants for the two following reasons;
first, its sulfhydryl group can neutralize the effects of
reactive oxygen species. Second, it increases glutathione
(11).
Vascular reactivity in dialysis patients is associated with
elevated plasma levels of asymmetric dimethyl arginine
(ADMA) and nitric oxide (NO) (33), while NAC has been
shown to reduce ADMA levels in HD patients (34).
Several studies have shown NAC’s effect on reducing
oxidative stress and, as a result, an increase in RRF.
Feldman et al in 2009, for example, found that NAC could
increase RRF in PD patients (7). In this study, patients
undergoing PD were recruited similar to our study.
However, NAC was administered with a higher dose, the
proportion of their patients was smaller and there was no
control group compared to our study.
In 2012, Feldman et al showed an increase in RRF with
NAC administration in HD patients. This study did not
have any control group either, and NAC was administered
with higher doses and a shorter duration (13). Therefore,
by increasing the duration of the study in future studies,
the effect of NAC in maintaining and increasing RRF may
272

be even greater.
In 2013, Feldman et al compared the effect of NAC on
RRF in two groups of HD patients who were dialyzed with
either low-flux or high-flux membranes and concluded
that RRF in patients who were dialyzed with low-flux
membrane increased significantly (34). In this study, NAC
was also administered with higher doses and a shorter
duration, which may be due to the fact that high-flux
filters reduce the amount of RRF owing to easier fluid
withdrawal and higher risk of hypotension during dialysis.
In this study, we investigated the effect of NAC in patients
with low-flux dialysis membrane since the production of
high-flux membranes in our dialysis units is difficult and
most patients are dialyzed with low-flux membranes.
In our study, NAC was shown to increase RRF in HD
patients treated with low-flux membranes. In the treatment
group, the mean residual GFR increased by 1.06 ± 0.84
mL/min/1.73 m2 and the mean renal Kt/V increased by
0.09 ± 0.06. Major effects of NAC on daily urine volume
increased by 358 ± 308 mL/d after the intervention,
but in the control group, the mean residual GFR
increased slightly by 0.15 ± 0.93 mL/min/1.73 m2 while
the mean renal Kt/V and the mean daily urine volume
decreased by -0.007 ± 0.043 and -37.7 ± 163, respectively.
Although the increase of RRF in the treatment group
seems very slight, however, it has a very beneficial effect,
clinically setting. A re-analysis of the CANUSA study
showed that the relative mortality risk is reduced by about
36% for each 250 cc increase in urinary output per day.
Also, for each 0.5 L/wk/1.73 m2 (equivalent to about
0.5 mL/min/1.73 m2) increase in residual GFR, a 12%
reduction in the relative risk of mortality is observed (1).
Therefore, administration of NAC increases RRF through
reducing oxidative stress in patients undergoing dialysis.
Conclusion
Our study showed that a 4-week NAC treatment improves
RRF in chronic HD patients. No major complications
were observed during the study period, and according to
our results, NAC can be used as a complement to patients
with dialysis to maintain RRF.
Limitations of the study
There were some limitations in this study that should be
taken into consideration. 1; the study period was short. 2;
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in this study only HD patients were studied and further
studies with more patients and longer periods are expected
to yield more conclusive results.
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