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Abstract

Background: The relationship between the oral care and ventilator-associated pneumonia (VAP) was confirmed in patients under-
going ventilation.
Objectives: The current study aimed at investigating the effects of chlorhexidine gluconate (CHX) and ozonated water on the pre-
vention of VAP.
Methods: The current double-blind, randomized, clinical trial with the experimental and control groups was conducted in Iran
in 2014. In the current study, 75 inpatients undergoing ventilation were grouped through the convenience sampling method and
randomly allocated into 2 groups based on the inclusion criteria. In the experimental group (39 patients), oral care provided by
ozonated water, while in the control group (35 patients), oral care was provided via CHX. Clinical pulmonary infection score (CPIS)
was used to examine the rate of VAP infection.
Results: According to the results of the current study, the occurrence rate of VAP in the experimental and control groups were 2.4%
and 8.3%, respectively that was equal until the 3rd day (P value = 0.339). However, on the 4th day, the VAP occurrence rate in the
experimental group (14.6%) was significantly lower than that of the control group (30.6%) (P value = 0.02).
Conclusions: Based on the results, ozonated water was more effective to prevent VAP than CHX. Ozone water can be used as a suitable
alternative mouthwash in patients undergoing mechanical ventilation.
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1. Background

Ventilator-associated pneumonia (VAP) is the leading
cause of infection in the intensive care unit (ICU) and the
2nd in hospital-acquired infections (1-4). VAP is a critical
concern in patients admitted to ICU (5, 6). VAP occurs
within 24 to 28 hours from the application of the mechan-
ical ventilator, which is used as an artificial respiration sys-
tem in patients (6, 7). Early–onset VAP is developed in pa-
tients before 96 hours of receiving the mechanical ventila-
tion and is sensitive to antibiotic therapy, but later–onset
VAP is developed after 96 hours and is resistant to antibi-
otic therapy (5).

As the oral cavity is in contact with the lower airways
of the trachea, the oral secretion causes the transfer of col-
onized bacteria in the mouth to the lower airways, which

results in infection and pneumonia (8, 9). The results of
the current study showed that lack of adequate care of the
mouth leads to dry mucosa of the mouth, reduced salivary
flow, inflammation of the oral mucosa, and colonization of
pathogenic bacteria in the mouth and oropharynx (10, 11).
Prevention and oral care are the most significant practices
to control VAP (1, 12-15), and the use of mouthwash is an im-
portant part of the oral care process (16, 17).

Nowadays, the routine oral care of patients in most
ICUs in Iran and other countries is the application of 0.2%
CHX by swab sticks (18). Based on various studies, different
concentrations of this mouthwash are applied to patients
undergoing ventilation (19, 20). However, in the studies
carried out by Scannapieco and Binkley, 0.2% and 0.12%
CHX were ineffective in VAP prevention (21). Zhang et al. re-
viewed the effectiveness of various concentrations of CHX
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for VAP prevention and found that the effectiveness of 0.12%
and 2% CHX for VAP prevention were proved in 9 and 3 stud-
ies, respectively (22). However, other studies showed that
0.2% CHX had no toxic effect on oral cells, while the toxic
effects of 2% CHX included stimulation of oral mucosa, al-
terations in the sense of taste, and reversible color change
of the mouth, tongue, and teeth (23-25). Thus, it is clear that
there is no general consensus on the appropriate concen-
tration of CHX in standard mouthwashes to prevent VAP
(13, 26). Indeed, many of the reported results on the effec-
tiveness of CHX for VAP prevention are contradictory.

In various studies, different mouthwashes such as
honey, normal saline, Matrica and PersicTM, and hydrogen
peroxide are compared with CHX and the research to find
an effective mouthwash with the least complications con-
tinues (27-30). The diversity of such studies further clarifies
the significance of mouthwashes in oral care, specifically
in patients without self-care.

Another mouthwash used in oral care is ozonated wa-
ter. Ozone, an allotrope of oxygen, is a strong oxidizer (31).
It is also effective to eliminate bacteria, viruses, fungi, and
oral microorganisms, which accumulate in dental plaque
such as Streptococcus spp. (23, 31). Ozone is reported to
be effective in reducing dental decay, improving the im-
mune system, and stimulating the performance of mast
cells (23). The result of a study showed that the mouth-
wash with ozone water is more effective than compound li-
docaine solution to treat chemotherapy-induced oral mu-
cositis in patients with hematological malignancies (32).

Ozone is 1.5 times stronger and 3000 times faster than
chlorine, while leaves no waste (33). Ozone is not toxic if
used at concentrations of 0.05 ppm per 8 hours. In ad-
dition, liquid ozone is the most biocompatible antiseptic
(23). Ozonated water is used in dentistry as a mouthwash
and a disinfectant for dental instruments (31, 34). In light of
this, it seems that ozone would also be an effective mouth-
wash for inpatients. However, the current study literature
review revealed that ozonated water was not previously
used as a mouthwash for ICU inpatients.

2. Objectives

The current study aimed at comparatively examining
the effects of 0.05 ppm ozonated water and 0.2% CHX for
VAP prevention in patients undergoing mechanical venti-
lation.

3. Methods

The current study was a double-blind, randomized,
clinical trial with 2 groups of experimental and control. Be-
fore the study, a research license (code ZUMS.REC.1392.106)

was obtained from the committee of ethics of Zanjan Uni-
versity of Medical Sciences. Necessary clarifications were
made to the patients’ guardians. Written informed con-
sent was obtained from the patients’ guardians, and both
the patients and guardians were assured of the confiden-
tiality of data.

3.1. Participants

The population included patients undergoing me-
chanical ventilation in the ICU of Mousavi Hospital in Zan-
jan. The research was conducted in Zanjan, Iran. Mousavi
hospital, affiliated to Zanjan University of Medical Sci-
ences, is the only trauma center in the city. ICU of the hos-
pital has 21 beds. In this unit, patients with trauma, pa-
tients undergoing extensive surgery, and the ones with ex-
tensive burns are hospitalized. In the current study, the
convenience sampling method was employed. The sam-
pling process was performed from 17 October, 2013 to 17
March, 2014.

To determine the sample size, a pilot study was con-
ducted. A total of 41 patients were recruited; 23 in the ex-
perimental and 18 in the control groups.

The results of the pilot study showed a reduction of VAP
in the experimental group. In the experimental group, 3
out of 23 patients and in the control group 9 out of 18 pa-
tients were affected with VAP. By considering α = 0.01, β =
0.1, P1 = 0.13 and P2 = 0.5 through using the following for-
mula, the sample size of each group was estimated 40.

(1)n =

(
Z1−α

2
+ Z1−β

)2

(P1 (1− P1) + P2 (1− P2))

(P1 − P2)
2

Research samples were divided into the experimental
and control groups by the 2nd author. Therefore, accord-
ing to the determined size of samples, a range of numbers
was randomly selected by the table of random numbers. A
spot was randomly selected on the table. To achieve the de-
sired size, non-recurring double digits were selected and
recorded to provide the favorable sample. Even numbers
on the table were determined by default for the experimen-
tal group and odd numbers for the control group. After
admission if the patient met the inclusion criteria, by re-
ferring to the random number table and according to the
pre-determined numbers for the experimental and control
groups, he/she was allocated into one of the groups.

During the research, 6 out of 80 patients were excluded
due to the early separation from the mechanical ventilator
or receiving intermittent ventilation and T- piece, leaving
a final number of 74 patients. Two of the dropped patients
were in the control group and 2 in the experimental one.

Finally, 39 patients were placed in the experimental
group and 35 in the control group. The power of the test
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was examined considering this difference, and it had no ef-
fect on the power of the test.

Inclusion criteria were as follows:
The patient should undergo mechanical ventilation for

at least 12 hours, being in the age range of 18 to 70 years, no
history of pneumonia and aspiration during the hospital-
ization, or chemotherapy, and no maxillofacial fractures,
scalds, pregnancy, anemia, alcohol intoxication, or a recent
myocardial infarction.

Exclusion criteria were separation from the mechani-
cal ventilation before the end of the study period, vomiting
during the use of gastrointestinal tract, death, or being dis-
suaded from continuing in any part of the study either by
the patients’ guardians or the doctors.

3.2. Intervention

The intervention started as the patient was admitted
to the ICU. If the patient was diagnosed with pneumo-
nia based on the clinical pulmonary infection score (CPIS)
during the first 12 hours, they were not included in the
study. In the control group, the routine mouthwash was
0.2% CHX (Iran Behsa Pharmaceutical Co., Iran) and in
the experimental group, it was 0.05 ppm ozonated water.
The ozonated water was produced by an ozone generator
(Opura Model Op-1107, Canada) installed in the ICU. The de-
vice was calibrated every time before use.

This device was attached to the faucet in ICU by a con-
nector. Thus, the combination of oxygen and water re-
sulted in the production of ozonated water. The concen-
tration of ozone in the water was 0.05 ppm. The emis-
sion of a smell similar to those of sea and fish proved the
proper function of the device. The maximum durability of
ozone in the water was 15 minutes (35). In the experimental
group, each subject was provided by a new glass of freshly
ozonated water (25 mL) for each treatment.

Both of these mouthwashes were applied identically 3
times a day. Before the intervention, patients’ mouth and
trachea received standard suctioning. The swab impreg-
nated with either of the mouthwashes was rubbed rota-
tionally on the upper gums from the right to the left side of
the mouth. It was, then, changed and rubbed rotationally
on the lower gums from left to right. Two other swabs im-
pregnated with the mouthwash were used to cleanse the
upper and lower teeth. After using the swabs and having
prepared by the suction, the cuff pressure of the ET tube
was increased to 35 mmHg via a manometer specifically
used to measure the ET tube cuff pressure. Then, approx-
imately 15 mL of the mouthwash was inserted into the pa-
tient’s mouth and 30 seconds later the suctioning process
was conducted. Immediately after the intervention, the
cuff pressure was reduced to 15 to 20 mmHg. This interven-
tion occurred over a 4-day period.

3.3. Outcomes and Measurements

The demographic data were gathered via a question-
naire, which included questions addressing the patients’
age, gender, diagnosis, level of consciousness, whether
they were taking diuretics, the ventilation mode, and pos-
itive end-expiratory pressure (PEEP). To study the effect of
CHX and ozonated water on VAP prevention, the patients
were evaluated based on CPIS on the 3rd and 4th days of ad-
mission. CPIS is a standard method to diagnose pneumo-
nia, the validity and reliability of which was demonstrated
by Fartoukh et al. (36).

CPIS includes 5 variables. The scores of pneumonia di-
agnosis are as follows:

1. Body temperature: 36.5 to 38.4°C, score: 0; 38.5 to
39°C, score: 1; > 39°C, score: 2.

2. White blood cells (WBC) count: 4,000 to 11,000,
score: 0; 11,000 to 17,000, score: 1; > 17,000, score: 2.

3. Lung secretions: no secretions (suctioning received
once in 6 hours), score: 0; low secretions (suctioning
needed at least 2 or 3 times in 6 hours), score: 1; high se-
cretions (suctioning needed more than 3 times in 6 hours),
score: 2.

4. PaO2/FiO2 ratio: > 200, score: 0; < 200, score: 1.
5. Infiltration in radiography: transparent, score: 0;

dispersed infiltration, score: 1; localized infiltration, score:
2.

Pneumonia infection was confirmed in cases where a
score of 6 or more was obtained. In the current study, body
temperature was recorded as the average temperature on
the 1st, 3rd, and 4th days. It should also be noted that all pa-
tients received WBC count and chest X-ray tests on a daily
basis. WBC test was done in both experimental and con-
trol groups in the medical laboratory of Mousavi hospital.
Chest X-ray for both groups was also taken in the ICU by an
available portable X-ray device.

VAP infection checkup was carried out by the anesthe-
siologist (the 3rd author), the only observer blind to the in-
tervention method. On the other hand, the Glasgow coma
scale (GCS) scores of the study subjects were lower than 15,
which indicated that they were not aware of the interven-
tion method.

3.4. Statistical Analysis

Data were analyzed with SPSS version 22. The
Kolmogorov-Smirnov test indicated the normal distri-
bution of data. Analysis of the collected data was done by
the per protocol method. To ensure the results of the anal-
ysis, the intention-to-treat method was also conducted
and the results did not differ from those of the per pro-
tocol method. Chi-square and the Fisher exact tests were
used to compare the demographic variables between the 2
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study groups. VAP infections on the 3rd and 4th days were
compared through the Cochran Q test. The VAP infection
rates of the 2 groups were compared via the Fisher exact
test.

4. Results

The obtained results showed that most of the study
subjects were male. The samples consisted of 67.57% males
and 32.43% females. The patients’ age ranged from 18 to
68 years; 63.51% of the patients were admitted to ICU fol-
lowing the trauma diagnosis and 38.49% for the exten-
sive surgeries. The mean age of the patients in the exper-
imental and control groups were 14.42 ± 1.39 and 44.61
± 1.78 years, respectively. According to the results, there
was no significant difference between the experimental
and control groups with respect to age, gender, early detec-
tion, level of consciousness, and taking diuretics (Table 1).
Synchronized intermittent mandatory ventilation (SIMV)
mode was applied to both groups. A PEEP of 5 cm of water
was used for all patients.

None of the patients was diagnosed with pneumonia
during the first 12 hours. Every single factor studied in CPIS
was separately examined in the experimental and control
groups, and then, compared. The WBC count rates in each
group on the 3rd day were significantly different; the other
examined factors were not significantly different (Table 2).
However, as the total score of the variables was important
to CPIS, the 2 groups were compared with respect to both
their scores and the presence or absence of infection.

As the results showed, the VAP infection rate in both
groups increased on the 3rd and 4th days. To determine
whether there was a significant difference between the
rates of VAP infection on each of these days within each
group, the Cochran Q test was applied. The VAP infection
rates in the experimental group on the 3rd and 4th days
were not significantly different (P value = 0.421), whereas
in the control group, the VAP infection rate on the 4th day
significantly increased compared with that of the 3rd day
(P value = 0.001) (Table 3).

To compare the results of the experimental and control
groups with respect to VAP infection, the Fisher exact test
was applied. The results of this test showed that on the 3rd
day these groups were not significantly different. On the
4th day, however, the experimental group exhibited a sig-
nificant decrease in VAP infection compared with the con-
trol group (Table 3).

5. Discussion

The results revealed that the VAP infection rate on the
3rd and 4th days after the patients’ admission increased in

both the experimental and control groups; this increase
was more noticeable between the 3rd and 4th days. How-
ever, this increase between the 3rd and 4th days was not sta-
tistically significant in the experimental group. Also, the
VAP infection rate in the experimental group was signifi-
cantly lower than that of the control group. The results in-
dicated that the ozonated water was more effective for VAP
prevention on the 4th day.

Segers et al. reported that 0.12% CHX was effective in
VAP prevention in patients undergoing heart surgery in
an ICU (37). Grap et al. also reported that CHX was effec-
tive in VAP prevention, observing a VAP infection occur-
rence of 33.3% in the experimental group compared with
55.6% in the control group (38). In both of these studies,
no mouthwash was used in the control group. In the cur-
rent study, the VAP infection rate on the 4th day in the CHX
group (30.6%) was close to that of reported in the study
by Grap et al. (33.3%) (38). It is possible that the inclu-
sion of a third group in the study whose oral care was not
based on any mouthwash, CHX would look more effective
in VAP prevention. However, considering the proven effec-
tiveness of mouthwash in the oral care process (16), the
current study considered that it is not morally possible
to have a group without the administration of a mouth-
wash. Furthermore, the routine oral care in ICUs was based
on CHX. Nevertheless, the comparison of these groups re-
vealed that the group that received ozonated water had
lower VAP infection on the 4th day compared with the CHX
group. Thus, it demonstrated the effectiveness of ozonated
water to prevent VAP infection.

Some studies found that CHX was ineffective to prevent
VAP infection (13, 26). Munro et al. traced the effect of their
intervention for 14 days and reported that CHX was effec-
tive in preventing VAP infections only up to the 3rd day
(26). In the current study, it was observed that CHX had
the same effect as ozonated water on the prevention of VAP
infections up to the 3rd day. However, on the 4th day, a
greater number of patients developed pneumonia in the
CHX group than in the ozonated water group.

Laxman and Kshitish reported that ozonated water
caused a greater reduction of oral microorganisms than
0.2% CHX (39). The results of the research by Huth et al. also
proved greater positive effects of ozonated water on gum
cells in comparison with those of other solutions (40). Al-
though there is a lack of research on the effect of ozonated
water on the prevention of VAP infection, there is litera-
ture on the relationship between VAP and oral care and the
number of oral microorganisms (1, 12), and the application
of ozonated water to eliminate many of such microorgan-
isms (23, 34, 41). Thus, it can be stated that of the methods
tested in the current study and other studies, the applica-
tion of ozonated water had the greatest preventive effect
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Table 1. Comparison of the Demographic Variables in the Study Groups

Demographic
Variables

Group The Fisher Exact Test
(P Value)

Bootstrap for Percent

Experimental Control

No. (%) 95% Confidence Interval No. (%) 95% Confidence Interval

Lower Upper Lower Upper

Gender
Female 14 (35.9) 23.1 51 10 (28.6) 14 42

0.621
Male 25 (64.1) 48 76 25 (71.4) 57 85

Age

18 - 28 10 (25.6) 12 36 9 (25.7) 11 40

1.000

29 - 38 6 (15.4) 5 28 9 (25.7) 11 40

39 - 48 9 (23.1) 10 38 7 (20) 8 34

49 - 58 10 (25.6) 12 41 6 (17.1) 2 22

59 - 68 4 (10.3) 2 23.1 4 (11.4) .0 8

Diagnosis
Trauma 27 (69.23) 53 84 20 (57.14) 40.1 71

0.486
Non traumatic

(surgical)
12 (30.7) 15 46 15 (42.86) 28 59

GCS

3 - 5 2 (5.1) .0 12 4 (11.4) 2 22

0.529

6 - 7 7 (20.5) 10 33 10 (28.6) 11 40

8 -9 15 (35.9) 20 51 13 (37.1) 22 57

10 - 12 14 (35.9) 20 51 8 (22.8) 8 37

13 - 15 1 (2.6) .0 7 0 (0) 0 0

Diuretics
Advice 21 (53.8) 47 68 22 (62.9) 54 72

0.433
No advice 18 (46.2) 35 58 13 (37.1) 28 49

Table 3. The VPA Infection Rate on the 3rd and 4th Days in the Study Groups

Variable Bootstrap for Percent

3rd Day 4th Day

Experimental Group Control Group Experimental Group Control Group

No. (%) 95% Confidence Interval No. (%) 95% Confidence Interval No. (%) 95% Confidence Interval No. (%) 95% Confidence Interval

Lower Upper Lower Upper Lower Upper Lower Upper

With VAP 1 (2.4) .0 7 3 (8.3) .0 17 6 (14.6) 5 28 14 (30.6) 22 57

Without VAP 38 (97) 92 100 32 (91.7) 82 100 33 (85.4) 71 94 21 (69.4) 42 77

The Fisher Exact Test (P Value) 0.339 0.02

on VAP infections.

5.1. Limitations of the Study

The time limitation in the current study prevented the
researchers from monitoring patients with respect to VAP
infection beyond the 4th day of ventilation, and including
a larger sample size. This may compromise the internal
validity of the research. Hence, more studies are recom-
mended to further investigate the use of ozonated water as
a convenient and affordable solution for oral care in ICUs

and generalize the results of the current study.

5.2. Conclusions

The results of the research clearly demonstrated that
ozonated water was far more effective to prevent VAP infec-
tions than CHX. Although both methods were equally good
till the 3rd day or in other words, the rates of VAP infection
in each group were not significantly different, on the 4th
day the number of patients diagnosed with VAP infections
was significantly lower in the group treated with ozonated
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water.
Due to the availability of devices that produce ozone

water in the ICU and the shelf life of these devices, the use
of ozonated water compared with that of chlorhexidine so-
lution is more affordable. In Iran, the current study used
ozonated water as an effective mouthwash solution for the
1st time for the patients in the ICU ward, which is regarded
as an innovative feature of the current study. There was no
study on the use of ozone-water in mechanically ventilated
patients in other countries. Therefore, the current study
was the basis for further research on the use of ozone-water
and different consequences in this group of patients.
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