Original Article
http://mjiri.iums.ac.ir

Medical Journal of the Islamic Republic of Iran (MJIRI)

[ Downloaded from mjiri.iums.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/mijiri.35.87 ]

Med J Islam Repub Iran. 2021(7 Jul);35.87. https://doi.org/10.47176/mjiri.35.87

Check for
updates

Effect of N-Acetylcysteine on the treatment of acute respiratory distress
syndrome in mechanically ventilated patients admitted to the intensive
care unit

Mojtaba Ghorbil, Mahbobe Rashidi** , Alireza Olapourl, Fatemeh Javaherforooshzadehl, Reza Akhondzadeh®

Received: 20 Nov 2020 Published: 7 Jul 2021

Abstract

Background: N-acetylcysteine (NAC) is an antioxidant derived from the amino acid cysteine and is one of the drugs used in the
treatment of respiratory diseases. The aim of this study was to investigate the effect of NAC on the treatment of acute respiratory
distress syndrome in mechanically ventilated patients admitted to the intensive care unit.

Methods: This study was a randomized clinical trial. Patients under mechanical ventilation admitted to the intensive care unit were
examined. Patients in the intervention group received daily 150 mg/kg of NAC on the first day of admission and then 50 mg/kg up to
the fourth day of admission. Patients in the control group received routine care. The vital signs, level of consciousness, and other
important variables were recorded. Data were analyzed using statistical tests and SPSS software version 24.

Results: There was no significant difference between MAP, heart rate, respiratory rate, O,Sat, APACHE II score, and pulmonary
capacity of the patients in the two groups on the first, second, third and fourth days after the intervemtion (p>0.05 ). There was no
significant difference between the level of consciousness (according to GCS criteria), respiratory index (PAO,/FIO,) and PEEP of
patients in the two study groups within 1 to 2 days after the intervention (p>0.05). There was a significant difference between the level
of consciousness (based on GCS criteria), respiratory index (PAO,/FIO,) and PEEP of patients in the two study groups within 3 to 4
days after the intervention (p<0.05). There was no significant difference between the duration of hospitalization in the ICU, the time
required for mechanical ventilation and the mortality rate of the patients in the two groups (p>0.05).

Conclusion: It seems that N-acetylcysteine has a positive effect on the treatment of acute respiratory distress syndrome in
mechanically ventilated patients admitted to the intensive care unit.
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Introduction

N-acetylcysteine (NAC) is generally introduced as an
antidote to acetaminophen poisoning; however, it has a
variety of other clinical applications that are supported by
scientific evidence. The sulfhydryl acetylcysteine group
breaks the disulfide bonds of the concentrated secretions
of the bronchial system, which results in the formation of
lighter molecules that facilitate the flow of sputum and are
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expelled by coughing. T herefore, it reduces the risk of
infectious diseases in the respiratory tract. Moreover, by
clearing the airways, the cough is relieved and it becomes
easier to breathe (1, 2).

The clinical functions stem from its capability to protect
the antioxidant and nitric oxide organizations of the body
through stress, infections, toxic injuries, and inflammatory

tWhat is “already known” in this topic:
To control oxidative lung impairments it can be used the
NACat the lowest intracellular concentration.

—What this article adds:
Based on the results, it seems that NAC is an effective

medication with low side effects for the treatment of ARDS in
mechanically ventilated patients admitted to the ICU.
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circumstances. Treatment with NAC supplementation
appears to increase glutathione which is the main antioxi-
dant of the body. In addition, it decreases the construction
of anti-inflammatory cytokines, for instance, interleukin-8
and tumor necrosis factor-alpha (3).

Acute respiratory distress syndrome (ARDS) is mani-
fested as rapidly progressing shortness of breath, tachyp-
nea, and hypoxemia. Its diagnostic standards contain acute
onset, severe hypoxemia, bilateral pulmonary infiltration,
and lack of left atrial hypertension. The ARDS occurs
when a pulmonary or extrapulmonary injury triggers the
discharge of inflammatory intermediaries and thereby
stimulates the neutrophil accumulation in the pulmonary
microcirculation. Neutrophils impair the vascular endothe-
lium and alveolar epithelium, which leads to pulmonary
edema, hyaline coating creation , reduced lung compli-
ance, and difficulty in air replacement (4-6).

The ARDS survivors often suffer from significant phys-
ical and mental disabilities, which lead to increased medi-
cal costs and the need to use social health care (7). In the
last decade, several methods have been proposed for the
treatment of ARDS, such as improvement of fluid man-
agement, non-invasive mechanical ventilation solutions,
and ventilation management (8, 9).

The annual mortality rate of ARDS in hospitals has de-
clined to some extent in recent years; however, it still im-
poses a heavy social burden and high healthcare costs (10,
11). Most cases of ARDS are related to pneumonia or
septicemia. It is expected that 7.1% of all individuals hos-
pitalized in the intensive care unit and 16.1% of all indi-
viduals who use mechanical ventilation suffer from acute
lung injury (ALI) or ARDS (12).

Handling of ARDS requires supportive care, including
automated aeration, inhibition of ulcer stress and venous
thromboembolism, and nutritional care . Most ARDS pa-
tients require sedation, intubation, and ventilation at the
same time as the treatment of the underlying disease (13).
Medication choices for the healing of ARDS are inade-
quate. Surfactant care may be supportive in pediatrics with
ARDS; however, based on a Cochrane evaluation , it has
no benefit for adults. Consumption of corticosteroids is
debatable ; nevertheless, randomized controlled trials and
cohort studies propose the initial usage of corticosteroids
to reduce the duration of treatment with a ventilator (14-
16).

An important fact in the pathogenesis of ARDS is the
oxidative damage to the lungs, which leads to the activa-
tion of the inflammatory system in the body. Glutathione
(GSH/GSSG) is one of the most important and abundant
antioxidants in the lungs that is reduced in inflammatory
situations, including ARDS/ALI. Therefore, one approach
to regulate oxidative lung damage is to reestablish the
oxidant/antioxidant stability using the increasing intracel-
lular glutathione statin using its precursors, like NAC, of
the three amino acids that comprise glutathione (i.e., glu-
tamate, glycine, and cysteine); cysteine has the lowest
intracellular concentration. Since glutathione is mainly
replaced by reproduction, the presence of cysteine can
limit glutathione production during oxidative stress. The
NAC can improve inflammation in various diseases, in-
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cluding chronic obstructive pulmonary illness , influenza,
and idiopathic pulmonary fibrosis, by correction or pre-
vention of severe glutathione deficiency (3).

The authors hypothesized that N-acetylcysteine im-
proves oxygenation in mechanically ventilated patients
and leads to increase respiratory index. So, this study was
designed to investigate the effect of N-acetylcysteine on
the treatment of acute respiratory distress syndrome in
mechanically ventilated individuals admitted to the inten-
sive care unit of Imam Khomeini Hospital in Ahvaz in
2020.

Methods

Study design

This study was a randomized clinical trial
(IRCT20200425047201N1). The study population con-
sisted of mechanically ventilated patients admitted to the

intensive care unit (ICU) of Imam Khomeini Hospital in
Ahvaz, Iran, in 2020.

Ethical assessment

This research was permitted by the Ethics Committee of
Ahvaz University of Medical Sciences, Ahvaz, with the
reference number: IR.IJUMS.REC.1398.389. This study
was also based on the Declaration of Helsinki. Additional-
ly, all participants were given written informed consent to
complete questionnaires and were told that patients' data
would be kept confidential. The participants were not paid
to complete the questionnaires.

Sampling and sample size calculation method

The sample size was calculated after consultation with a
professor of statistics and using the following formula
with a significant level and measurement accuracy of 0.05
and 0.05, respectively. Finally, the sample size was calcu-
lated at 58 subjects which was increased to 60 in order to
increase the measurement accuracy.

2
_ (Zl_g+Z1_;3) (87 + 8%)
(Mg — u2)?

Data collection method

The proposal was approved by the ethics committee of
Ahvaz University of Medical Sciences, and the required
permissions were obtained from them. Afterward, the pur-
pose of the study was explained to the participants and
they were ensured of the confidentiality of information.
Subsequently, written informed consent was obtained
from all of the subjects. The participants consisted of eli-
gible patients who were admitted to the ICU of Imam
Khomeini Hospital in Ahvaz.

The inclusion criteria were 1) age range of 18-60 years,
2) mechanical ventilation for more than 48 h, 3) respirato-
ry index (PAOyFIO,) < 200 mmHg, 4) positive end-
expiratory pressure (PEEP) > 10 cm H,0, and 5) bilateral
pulmonary infiltration based on a chest x-ray.

On the other hand, the exclusion criteria consisted of 1)
unwillingness, 2) cardiopulmonary diseases, such as con-
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gestive heart failure and pulmonary hypertension, 3) viral
diseases, such as AIDS, hepatitis, and pulmonary tubercu-
losis, 4) history of chemotherapy or use of immunosup-
pressive medications during the last 3 months, 5) history
of organ transplantation over the past 2 years, 6) con-
firmed brain death, and 7) possibility of NAC sensitivity.

In total, 60 eligible patients were included in the re-
search and were randomly assigned into two equal groups.
Randomization was performed by a simple incidental ap-
proach; after identifying eligible patents, they were arbi-
trarily allocated a three-digit proprietary code by using a
random table. The last digit on the right determines patient
collection. If the figure is 0, 1, 2, 3, 4 it was placed in the
intervention group (NAC) and if the figure is 5, 6, 7, 8, 9
it was placed in the control group. Double blinding was
also performed; person in charge of care and data analyzer
were not aware of the distribution of collections. In addi-
tion to routine care, the intervention group received 150
and 50 mg/kg NAC intravenously on day 1 and days 2-4
of hospitalization, respectively. The patients in the control
group only received routine care.

In addition to the vital signs and level of consciousness
of the patients, their respiratory index (PAO,/FIO,), re-
quired PEEP for effective mechanical ventilation,
APACHE 1I score, length of stay in ICU, the required
duration of mechanical ventilation, mortality rate, and the
pulmonary capacity of patients in both groups were stud-
ied and recorded during a 4-day period.

Data analysis

The results were expressed for quantitative variables as
mean and standard deviation (Mean + SD) and for qualita-
tive variables as percentage. First, the normality of quanti-
tative variables was assessed based on the Kolmogorov-
Smirnov test and was not confirmed. Therefore, to com-
pare quantitative variables in two groups, t_independent
or U Mann—Whitney tests were used and to compare
qualitative variables in two groups, the chi-square or Fish-
er exact tests were used. Also, to compare quantitative
variables in days 1-4 after the intervention, the Repeated
Measure ANOVA test was used.

Data were analyzed using SPSS software version 24.
The significance level was considered to be less than 0.05.

Results

In total, 60 eligible patients under mechanical ventila-
tion who were admitted to the ICU of Imam Khomeini
Hospital in Ahvaz in 2009-2010 were included in this
research project. A number of 30 patients (50%) received
NAC, while the rest of the patients (50%) received a pla-
cebo (Fig. 1).

There was no significant difference between the age and
gender of the two groups (p>0.05) (Table 1).

Based on the results of the comparison between the
groups indicated that there was no significant difference
between the heart rate, respiratory rate, oxygen saturation,
APACHE 1I score and pulmonary capacity of the two
groups in 1-4 days after the intervention (p>0.05).

Assessment for inclusion in the study = 76

Register

Having inclusion

(Exits (106 people
No entry criteria = 67
Reluctance to participate =9

Control group = 30

\ 4

Random allocation criteria = 60
1 ;
Intervention group = 30 Follow up
J
Exclusion in the :
follow-up period =0 Analysis

Exclusion in the follow-up

period =0

v

Fig. 1. Consort Flowchart

Table 1. Comparison of age and sex of patients in intervention and control group

Variable Group P
Intervention Control

Age (Mean+SD) 43.73£16.88 46.85+£14.94 0.365

Sex

Male 19 (63.3%) 13 (43.3%) 0.195

Female 11 (36.7%) 17 (56.7%)
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There was no significant difference between the mean
arterial blood pressure of the two groups on the days 1-3
after the intervention (p>0.05). There was a significant
difference between the mean arterial blood pressure of the
two groups on the fourth day after the intervention
(p<0.05).

There was no significant difference between the level of
consciousness, Respiratory index (PAO,/FI10,), and PEEP
level of the two groups on the days 1-2 after the interven-
tion (p>0.05). There was no significant difference between
the level of consciousness, Respiratory index (PAO,/F10,)
and PEEP level of the two groups on the days 3-4 after the
intervention (p>0.05).

Based on the results of the intergroup comparison , there
was no significant difference between the mean arterial
blood pressure, respiratory rate, oxygen saturation and
APACHE 1I score of patients during 1-4 days after the
intervention in the intervention group (p>0.05).

There was a significant difference between the heart
rate, level of consciousness, respiratory index
(PAO,/FIO,), PEEP level and pulmonary capacity of pa-
tients during 1-4 days after the intervention in the inter-
vention group (p<0.05).

There was no significant difference between the mean
arterial blood pressure, respiratory rate, oxygen saturation,

level of consciousness, PEEP level, and APACHE II score
of patients during 1-4 days after the intervention in the
control group (p>0.05).

There was a significant difference between the heart
rate, respiratory index (PAO,/F10,) and pulmonary capac-
ity of patients during 1-4 days after the intervention in the
control group (p<0.05) (Table 2).

Based on the Bonferroni test, there was a significant dif-
ference between the level of consciousness between to
group on the day 4 (p<0.05), Respiratory index
(PAO,/FIO,) and PEEP level of the two groups on days
1-4 and 4, after the intervention, respectively (p<0.05).
There was no significant difference between other varia-
bles in the two groups (p>0.05) (Table 2).

Based on the results of the repeated measurement test
(Table 3), for heart rate, only the time variable was signif-
icant. Because the interaction between time and group was
not significant, it cannot be concluded that there was a
significant difference between the two groups at different
times. Considering oxygen saturation and pulmonary ca-
pacity variables, only the time variable was significant,
indicating changes in time, but there was no significant
difference between the two groups. In the level of con-
sciousness and respiratory index (PAO,/FIO,), both inter-
action and effect of group and time were significant

Table 2. Comparison of mean arterial blood pressure, heart rate, respiratory rate, oxygen saturation, level of consciousness, Respiratory index
(PAO,/FI0,), PEEP level, APACHE II score, and pulmonary capacity in intervention and control group during 1-4 days after the intervention

Variable Time Group p
Measurement Intervention Control
Mean arterial blood 1 Day 78.83+£13.91 83.2+11.4 0.189
pressure 2 Day 80.4+9.62 84.06+9.62 0.146
3 Day 82.86+8.98 86.7+9.59 0.116
4 Day 84.76+10.19 85.93+9.44 0.647
Heart Rate 1 Day 72.5£5.99 76.96£10.79 0.052
2 Day 72.06+10.62 71.3+12.72 0.801
3 Day 70.06+8.92 72.43+£12.29 0.397
4 Day 69.4+7.29 70.8+9.28 0.519
Respiratory rate 1 Day 17.76£1.56 17.43£1.67 0.430
2 Day 17.63+2.35 17.43+1.67 0.945
3 Day 70.06+8.92 72.43+12.29 0.422
4 Day 69.4+7.29 70.849.28 0.193
Oxygen saturation 1 Day 92.33+3.64 92.8+£3.6 0.620
2 Day 94.3+2.87 94.1+2.61 0.779
3 Day 94.03+3.13 93.4+4.06 0.502
4 Day 94.5+2.22 93.7+2.98 0.244
Level of consciousness 1 Day 6.96+0.18 6.96+0.31 1.000
2 Day 7.03+0.18 7.1+0.4 0.412
3 Day 7.46+0.68 7.16+0.59 0.074
4 Day 7.7+0.79 7.13+0.43 0.001
Respiratory index 1 Day 123.66+7.39 123.8+7.04 0.943
(PAO,/FI0,) 2 Day 125.3+£2.87 125.8+3.95 0.860
3 Day 129.149.13 124.63+5.41 0.025
4 Day 130.96+4.74 127.6+£2.4 0.001
PEEP level 1 Day 4.56+0.67 4.43£0.67 0.450
2 Day 4.66+0.71 4.43+0.81 0.243
3 Day 4.76+0.56 4.46+0.62 0.057
4 Day 4.96+0.18 4.56+0.62 0.001
APACHE II score 1 Day 13.63+2.42 14.16+0.79 0.257
2 Day 14.16+2.3 14.56+0.62 0.363
3 Day 14.16+0.53 14.1+0.95 0.740
4 Day 14.43+1.22 14.5+0.82 0.805
Pulmonary capacity 1 Day 43.9£1.95 43.5+2.37 0.479
2 Day 46.16+1.59 45.7+1.87 0.304
3 Day 45.66+1.47 44.76+3.3 0.179
4 Day 45.3£3.66 44.83+£3.22 0.603

P: Comparison between two groups.
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Table 3. Repeated measurement for comparison of mean arterial blood pressure, heart rate, respiratory rate, oxygen saturation, level of conscious-
ness, Respiratory index (PAO,/FI0,), PEEP level, APACHE II score, and pulmonary capacity in intervention and control group during 1-4 days

after the intervention

Variable Time.k Type IV Sum of df Mean Square F P Partial Eta
Squares Squared
Mean arterial blood time.k 725.408 1 725.408 7.830 0.007 0.119
pressure time.k * 66.741 1 66.741 0.720 0.399 0.012
Group
Error (time.k) 5373.302 58 92.643
Group 637.004 1 637.004 2.280 0.137 0.038
Error 16206.542 58 279.423
Heart Rate time.k 616.333 1 616.333 21.927 <.001 0.274
time.k * 27.603 1 27.603 0.982 326 0.017
Group
Error (time.k) 1630.263 58 28.108
Group 209.067 1 209.067 0.677 0.414 0.012
Error 17922.117 58 309.002
Respiratory rate time.k 2.168 1 2.168 0.699 0.407 0.012
time .k * 1.021 1 1.021 0.329 0.568 0.006
Group
Error (time.k) 179.962 58 3.103
Group 5.704 1 5.704 2.116 0.151 0.035
Error 156.342 58 2.696
Oxygen saturation time.k 50.841 1 50.841 4.673 0.035 0.075
time.k * 13.441 1 13.441 1.235 0.271 0.021
Group
Error (time.k) 631.068 58 10.880
Group 5.104 1 5.104 0.398 0.531 0.007
Error 743.542 58 12.820
Level of conscious- time.k 7.680 1 7.680 33.703 <0.001 0.368
ness time.k * 3.203 1 3.203 14.058 <0.001 0.195
Group
Error (time.k) 13.217 58 228
Group 2.400 1 2.400 6.247 0.015 0.097
Error 22.283 58 384
Respiratory index time.k 986.453 1 986.453 31.749 <0.001 0.354
(PAO,/FIO,) time .k * 171.763 1 171.763 5.528 0.022 0.087
Group
Error (time.k) 1802.083 58 31.070
Group 212.817 1 212.817 4.889 0.031 0.078
Error 2524.617 58 43.528
PEEP level time.k 2253 1 2.253 7.188 0.010 0.110
time.k * 563 1 .563 1.797 0.185 0.030
Group
Error (time.k) 18.183 58 314
Group 4.267 1 4.267 6.200 0.016
Error 39.917 58 .688
APACHE 1I score time.k 6.453 1 6.453 2.698 0.106 0.044
time .k * 2.613 1 2.613 1.093 0.300 0.018
Group
Error (time.k) 138.733 58 2.392
Group 3.267 1 3.267 1.814 0.183 0.030
Error 104.467 58 1.801
Pulmonary capacity time.k 34.341 1 34.341 4.599 0.036 0.073
time.k * 301 1 301 0.040 0.842 0.001
Group
Error (time.k) 433.108 58 7.467
Group 18.704 1 18.704 3.359 0.072 0.055
Error 322.942 58 5.568

(p<0.05) (Table 3). In this way, there was a significant
difference between the two groups at different times.
Based on the Bonferoni follow-up test, there was a signif-
icant difference between times 1 and 3 and 4 in the level
of consciousness in the intervention group and also time
two with time 3 and 4 (p<0.05). But in the control group,
there was no significant difference between the times
(p>0.05). In respiratory index (PAO,/FIO,) in the inter-
vention group, there was a significant difference between

times | and 3 and 4 and time 2 with 4 (p< 0.05).

There was no significant difference between the ICU
length of stay of the two groups (p>0.05). There was no
significant difference between the required duration of
mechanical ventilation of patients in the two groups
(p>0.05). There was no significant difference between the
mortality rates of the two groups (p>0.05) (Table 4).
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Table 4. Comparison of ICU length of stay and required duration of mechanical ventilation and mortality rate of patients in intervention and control

group

Variable Group P
Intervention Control

ICU length of stay (day) 14.7+9.38 13.63+£9.21 0.533

duration of mechanical ventilation (day) 10.66+3.55 12.26+5.39 0.276

Mortality

Yes 29 (96.7%) 28 (93.3%) 0.554

No 1(3.3%) 2 (6.7%)

Discussion ference between the intervention and control groups in

According to the results, there was no potential dissimi-
larity between the mechanically ventilated patients admit-
ted to the ICU in the two groups regarding age and gen-
der. Therefore, it can be said that the two groups were
similar in the case of age and sex and these variables can-
not affect other factors as confounders.

Regarding the most important outcomes of this research,
there was no potential difference among the mean arterial
blood pressure, heart rate, respiration rate, oxygen satura-
tion, APACHE II score, and pulmonary capacity of pa-
tients in the two groups on the first, second, third, and
fourth days after the intervention. Moreover, the level of
consciousness (according to GCS), respiratory index
(PAO,/FI0O,), and PEEP level of the two groups did not
have a significant difference within 1-2 days after the in-
tervention.

Furthermore, it was found that the level of conscious-
ness (according to GCS criteria), respiratory index
(PAO,/FIO,), and PEEP level of patients in the two
groups did not experience any significant changes within
3 to 4 days after the intervention. In addition, there was no
significant difference between the ICU length of stay, the
required duration of mechanical ventilation, and the mor-
tality rate of patients in the two groups. Therefore, NAC
seems to have a positive effect on the treatment of ARDS
in mechanically ventilated patients admitted to the ICU.

Based on the review of the related literature, few studies
have been performed about the effect of NAC on the
treatment of ARDS in mechanically ventilated patients
admitted to the ICU. In a review study conducted by Lou
et al. (2019), it was found that there was no potential mod-
ification in the mortality rate of individuals with ARDS
who consumed acetylcysteine and the control group,
which is consistent with the results of the present study.
Nevertheless, in the above-mentioned study, the im-
provement of clinical conditions and PaO2/FiO2 ratio was
significantly better in the group that received NAC com-
pared to the control group. They concluded that NAC does
not affect the mortality rate; however, its use is beneficial
in the improvement of the pulmonary conditions of pa-
tients in the ICU. Notwithstanding, the documented results
that confirm the effectiveness of NAC for ARDS are lim-
ited, and there is a need for further research (17).

Based on the findings of another review study carried
out by Young et al. (2017), NAC did not affect the reduc-
tion of the mortality rate of ARDS in adults. In addition,
they found that the patients who received NAC were hos-
pitalized for a longer time in the ICU, compared to the
control group. Moreover, they observed a significant dif-
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terms of the respiratory index. Results of the aforemen-
tioned study indicated the effect of consumption of NAC
on the improvement of the clinical condition of ARDS
patients, which is in line with the findings of the present
research (5).

Kevin et al. (2017), in their study, found that the res-
piratory index of ARSD patients secondary to inhalation
injury in the NAC group significantly improved on the
fourth day. They stated that the use of NAC in the treat-
ment of inflammatory and oxidative conditions of the lung
after injury would be very helpful (18). Their findings are
consistent with those of the present study.

Najafi et al. (2017), in their research performed on neo-
nates with ARDS admitted to the ICU, found that there
was no significant difference between the NAC and con-
trol groups in terms of mortality rate and the need for me-
chanical ventilation. However, they reported that ARDS
significantly improved in the group that received NAC,
which is consistent with the findings of this study (19).
According to the results of a meta-analysis conducted by
Guala et al. (2011), which were in line with those of the
present study, NAC had a positive effect on the improve-
ment of the clinical condition of ARDS patients, including
the reduction of the length of hospital stay, mortality, and
required duration of mechanical ventilation. Moreover,
they found that NAC can be useful as an antioxidant to
prevent oxidative damage and improve the clinical condi-
tion in ARDS patients (20).

According to the results of a study carried out by Mora-
di et al. (2009), which were consistent with those of the
present study, there was an improvement in respiratory
index status (PAO,/FIO, ratio) and a reduction in the mor-
tality rate of the NAC group, compared to the control
group. They stated that the use of NAC affected the im-
provement of the clinical condition of ARDS patients;
however, the evaluation and determination of the exact
dose of this medication for the improvement of the pul-
monary condition of ARDS patients require a study with a
larger sample size (3).

Study limitations

One of the strengths of this study was its quasi-
experimental design and the use of a control group. How-
ever, this study also had some limitations; for example,
few similar studies have been performed, which limits the
possibility of comparing the present research with other
studies. Therefore, it is suggested that more similar studies
be designed and carried out in the future. In addition, the
sample size of the present study was small which could be
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the reason for the lack of a significant difference between
the two groups. Therefore, it is suggested that future stud-
ies be performed on larger sample sizes.

Conclusion

Based on the results, it seems that NAC is an effective
medication with low side effects for the treatment of
ARDS in mechanically ventilated patients admitted to the
ICU. It is suggested that the side-effects and dose changes
of NAC be investigated in patients admitted to ICU in
future studies.
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