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ABSTRACT

Background: Aerobic Gram-negative bacilli commonly cause severe respiratory infections. Multi-drug
resistant pathogens are prevalent which makes choosing the most appropriate empiric therapy extremely
challenging. Nebulized Amikacin attains substantial pulmonary concentrations, and achieve outstanding
bactericidal efficacy in critically ill patients.

Objective: to evaluate efficacy and safety of nebulized amikacin as an adjuvant therapy of Gram-negative
pulmonary infections in chest care unit.

Patients and Methods: 60 patients with pulmonary infections caused by Gram-negative bacteria developed
in hospital settings in Beni Suef University hospital from August 2019 to August 2021. They were divided
into two groups: Group A received nebulized amikacin 25 mg/kg divided every 8-12h for 20 minutes and
group B as a control received normal saline 5 ml at the same frequency. All participants received similar
parenteral antibiotics. Aerosol treatment conducted for 7 days. Respiratory bacteriological samples obtained
noninvasively.

Results: Inhaled Amikacin could a statistically significant lower respiratory rate, the serum creatinine and
improvement of the sputum culture growth in group A than group B. There was a statistically significant
difference between the groups regarding their length of stay and their fate. There were 83.3% of cases at the
end of the 1st week of follow up transformed into no growth sputum culture among the group A

Conclusion: Inhaled amikacin had an adjuvant role in treatment of Hospital acquired pneumonia &
Ventilator-associated pneumonia, as it was effective in rapid resolution of signs of respiratory infection,
causing decreased bacterial load, decreased Intensive Care Unite stay and didn’t cause elevation in serum
creatinine.

Keywords: Inhaled amikacin, Nebulized antibiotics.

INTRODUCTION systems. They are commonly caused by
aerobic Gram-negative bacilli (Martin-

Severe respiratory infections developed
P y P Loeches et al., 2014).

in hospital settings, i.e. hospital-acquired

pneumonia  (HAP) and ventilator Multi-drug resistant (MDR) pathogens
associated  pneumonia  (VAP), are are prevalent in hospital settings, which
common (Kalil et al., 2016) and constitute makes choosing the most proper and
a significant burden for healthcare appropriate empiric therapy extremely
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difficult. The latest American (Kalil et al.,
2016) and European guidelines (Torres et
al., 2017) for the management of
HAP/VAP patients provided
recommendation to tackle this problem.
The availability of dry powder antibiotic
formulations and the clinical benefits
observed in cystic fibrosis (CF). There has
been an increasing interest in the use of
inhaled antibiotics in  other lower
respiratory tract infections such as
hospital acquired pneumonia (HAP), non-
CF Dbronchiectasis, ventilator associated
pneumonia (VAP) and chronic obstructive
pulmonary disease exacerbation.

Nebulized antibiotics could deliver an
effective amount of the drugs directly into
the respiratory system, overcoming
minimal inhibitory concentrations (MICs),
while thwarting selective pressure and
MDR  development (Palmer  and
Smaldone, 2014).

The systemic exposure to antibiotics
and their adverse effects could be reduced.
Aminoglycosides are among the available
antibiotics that could be nebulized into the
respiratory system. So, they have drawn
much  attention  since  they are
concentration-dependent antibiotics with
post-antibiotic effect and present a broad
spectrum of activity. Nebulized Amikacin
attains substantial pulmonary
concentrations, and achieve outstanding
bactericidal efficacy in critically ill
patients. As intravenous administration of
Amikacin IS associated with
nephrotoxicity and ototoxicity, it could be
avoided by the use of inhaled Amikacin.

The aim of this study was to evaluate
efficacy and safety of nebulized amikacin
as an adjuvant therapy of Gram-negative
pulmonary infections in chest care unit.

PATIENTS AND METHODS

This study included 60 patients with
pulmonary infections caused by Gram-
negative bacteria developed in hospital
settings. Cases included hospital-acquired
pneumonia (HAP), ventilator associated
pneumonia (VAP) and bronchiectasis.

Cases were divided to 2 equal groups:
group A treated with nebulized amikacin
25 mg/kg divided every 8-12h for 20
minutes, and group B treated with normal
saline 5 ml at the same frequency. All
participants received similar parenteral
antibiotics. Aerosol treatment conducted
for 7 days.

Inclusion criteria:
« Age >18 years old.

« Clinical suspicion of HAP, VAP or
bronchiectasis.

* New onset
pulmonary
radiography.

and/or  progressive
infiltrates on  chest

» At least, two of three clinical features
are present, ie fever (>38°C),
leukocytosis  (=10,000/mm3)  or
leucopenia (<4000/mm3), and
purulent tracheal secretions.

« Gram-negative bacteria on bacterial
culture of airway secretion.

Exclusion criteria:
« Pregnant or lactating patients.

» History of allergy or adverse effect to
Amikacin.

« Acute or chronic renal insufficiency.

» Severe immunosuppression.
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» For VAP, requirement of small tidal
volume MV (<6 ml/kg), PaO2/FIO2
equal to or less than 100 mm Hg.

All patients will be subjected to:
* Full history taking.
« Thorough clinical examination.

» Chest X-ray postero anterior view or
computed tomography.

» Complete blood counts (CBCs) with
differential.

« Serum creatinine.

« Vital signs, characters of airway
secretions, and oxygenation index
were recorded daily.

« Airway secretions cultivation:
Bacteriological samples were
performed on respiratory samples
obtained noninvasively. Noninvasive
methods to

« obtain respiratory samples included
spontaneous expectoration, sputum
induction (for HAP and
bronchiectasis) and  endotracheal
aspiration in-patient with VAP,
Detection of Gram-negative bacteria

on Dbacterial culture of airway
secretion was required.
Amikacin  nebulization  Procedure:

Nebulization of Amikacin was performed
with jet nebulizers. Daily aerosol
administration of Amikacin was 25
mg/kg. The amikacin solution was
nebulized with volume of 5 ml for 20
minutes. Aerosol treatment was conducted
for 7 days. The amikacin solution for
nebulization was prepared under sterile
conditions immediately before
administration  to  avoid  possible
degradation with Particle diameter 1-5

micrometer. The residual volume of
amikacin solution was less than 0.2 mL.
For VAP, The following ventilator
settings were followed during
nebulization: volume control mode, tidal
volume of 8 ml/kg, constant inspiratory
flow rate of 40 L/min, nebulization set
during  inspiration, inspiratory  to
expiratory (L:E) ratio < 50%, and an

end-inspiratory pause of 20% of the duty
cycle.

Outcomes: Vital signs, oxygenation
index, airway secretion quantity and
character, were tracked on a daily basis.
The highest temperature and the minimum
oxygenation index of each day were
noted. CBCs with differential, serum
creatinine and lung imaging were
performed at the time of randomization
and by end of the treatment.
Bacteriological samples were performed
before the first dose and after 7 days. For
VAP, length of hospital stay, length of
ICU stay, days on mechanical ventilation
(MV), clinical cure and mortality rate
were assessed after 28 days.

Statistical analysis:

Analysis of data was performed using
SPSS v. 25 (Statistical Package for the
Social sciences) for Windows.

Description of variables was presented
as follows:

» Description of quantitative variables
was in the form of mean, standard
deviation (SD).

» Description of qualitative variables
was in the form of numbers (No.) and
percent’s (%).

» Chi-square test (or Fisher’s exact) was
used to detect the difference in both
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groups the

variables.

regarding

categorical .

Follow up of categorical variables was

done by Mc-Nemar test

Independent t-

compare  between  both

test was used to
groups
regarding normally distributed scale

variables and Mann Whitney U test for
not normally distributed variables.

There were no significant differences
in patients between the groups as regards
ICU admission

sex, causes of

RESULTS

clin

Paired t-test was used to detect the
difference between pre and post
treatment for normally distributed
scale variables and WIcoxon signed
rank test for not normally distributed
variables.

P-value < 0.05was considered significant.

ical, laboratory findings and O2

saturation (Table 1).

Table (1): Baseline characteristics of the studied groups

Groups _Inhgled Control group
ltems Amikacin group (NO=30) P-value
(NO=30)
Age
(meanSD) 57.8+10.3 62.1+8.1 0.073
Sex
Males 17(56.7%) 17(56.7%) 1000
Females 13(43.3%) 13(43.3%) '
Cause of admission
COPD severe exacerbation 2(6.7%) 2(6.7%)
ILD acute exacerbation 1(3.3%) 0(0.0%) 0.966
Pulmonary infection® 19(63.4%) 20(66.7%) '
severe Bronchiectasis 8(26.7%) 8(26.7%)
Clinical examination
Temperature (c°) 38+0.6 37.4+2.2 0.162
Resp. rate (/min) 2312 2311 0.781
Laboratory finding
TLC (x10°) 17.5+8.5 15.25.8 0.433
Neutrophil (%) 71.8+£12 66.2+10 0.054
Lymphocytes (%) 21.5+2.6 23.1+3.8 0.052
CRP 45.,9+19.8 49.5+18.6 0.437
Serum create. 104 0.9+0.4 0.114
SO; 83.4+7.6 85.2+6.2 0.311
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There were no significant differences (abundant, purulent) and culture (most
in patients between the groups as regards common organisms were pseudomonas
radiological findings, sputum character and Kklebsialla) (Table 2).

Table (2): Radiological findings, sputum character and culture

Groups | Inhaled Amikacin | Control group P_value
Items group (no=30) (no=30)
Radiological findings
bilateral, basal 9(30.0%) 16(53.3%)
bilateral, diffuse 15(50.0%) 10(33.3%) 0.314
no infiltrates 2(6.7%) 2(6.7%) '
unilateral, localized 4(13.3%) 2(6.7%)
Sputum culture
Acinetobacter 4(13.3%) 5(16.7%)
E.coli 3(10.0%) 5(16.7%)
Enterobacter 2(6.7%) 1(3.3%) 0.082
Klebsiella 10(33.3%) 8(26.7%) '
Proteus 2(6.7%) 0(0.0%)
Pseudomonas 9(30.0%) 11(36.7%)
Sputum characters
-abundant, purulent 18(60%) 12(40.0%)
-mild, whitish 0(0.0%) 1(3.3%) 0.152
-moderate, purulent 11(36.7%) 17(56.7%) '
-moderate, whitish 1(3.3%) 0(0.0%)
There was a statistically significant was lower among the inhaled Amikacin
lower respiratory rate in the inhaled group (P-value <0.05). So, no nephrotoxic
Amikacin group than the control group (P- effect of the inhaled Amikacin (Table 3).

value <0.05). Also, the serum creatinine

Table (3): Follow up the clinical examination and laboratory parameters after 7 days
among the studied groups

Groups Inhalec_i Control
Items Amikacin group P-value
group (no=30) (no=30)
Temperature (c°) 37.2+.23976 37.3+0.5 0.090
Resp. rate (/min) 1745 21+6 0.018
TLC (x10%) 12.447.5 14+6.7 0.293
Neutrophil (%) 65+8.1 66.2+5.2 0.487
Lymphocytes (%) 26.6+5.9 24.7+4.5 0.161
CRP 22.5+20.3 37.1+33.7 0.074
Serum creatinine. 0.9+£0.3 1.1+0.3 0.036
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There was a statistically significant
difference between inhaled Amikacin
group and the control group regarding
their length of stay and their fate (P-value
<0.05). The inhaled Amikacin group had
significantly shorter duration of stay than

the other group. Also, they had higher
cure rate among inhaled Amikacin group,
but the delayed cure and death were
significantly prevalent in the non-inhaled
Amikacin group (Table 4).

Table (4): Comparison between both groups regarding the outcome of the study

(length of stay and fate)

Groups | Inhaled Amikacin group | Control group P_value
Items (no=30) (no=30)
Length of stay
(mean+SD) 15.645.6 19.447.2 0.047
Fate
Early cure 15(50.0%0) 6(20%)
Death 5(16.7%) 9(30%) 0.049
Delayed cure 10(33.3%) 15(50.0%0)

The inhaled Amikacin decreased the
temperature, respiratory rate, TLC,
neutrophils, and CRP significantly (P-
value<0.05). Serum creatinine did not be
affected by the inhaled Amikacin, while

the control group showed significant
improvement of the respiratory rate and
CRP (P-value<0.05). Serum creatinine
increased significantly after the 1% week
of follow up (Table 5).

Table (5): Follow up of the laboratory parameters of the inhaled Amikacin group
and control group from admission till one week after admission

I Time Before (no=30) After (no=30) P-value
tems
Inhaled Amikacin
Temperature (c°) 38+0.6 37.2+0.2 <0.001
Resp. rate (/min) 23+2 1745 <0.001
TLC (x10%) 17.5+8.5 12.447.5 <0.001
45.9+19.8 22.5+20.3
CRP (median=44.5) (median=10.5) <0.001
Serum creatine. 1+0.4 0.9+0.3 0.417
Control group (no=30)
Temperature (c°) 37.4+2.2 37.3£0.5 0.040
Resp. rate (/min) 23+1 216 0.010
TLC (x10%) 15.245.8 14+6.7 0.596
49.5+18.6 37.14£33.7
CRP (median=46.5) | (median=17) 0.042
Serum creatinine. 0.9+0.4 1.1+0.3 <0.001




281

NEBULIZED AMIKACIN AS AN ADJUVANT THERAPY IN GRAM-...

The inhaled Amikacin group showed
significant improvement of the oxygen
saturation after 1% week of follow up (P-

value<0.05) but the control group showed
insignificant improvement of the oxygen
saturation (Table 6).

Table (6): Follow up of the oxygen saturation of the studied groups from admission

till one week after admission

- Time Before After P-value
Items (oxygen saturation
Amikacin group 83.4+7.5 | 89.845.3 <0.001
Control group 85.746.1 | 87.5+6.4 0.223

Inhaled Amikacin group, there was a
significant improvement of the sputum
culture growth at the end of the 1st week
of follow up. There were 83.3% of cases
transformed into no growth sputum
culture. Among the control group, there

was a significant improvement of the
sputum culture growth at the end of the 1%
week. There were 60% of cases
transformed into no growth sputum
culture (Table 7).

Table (7): Follow up of the sputum culture bacterial growth at the end of the 1%
week of follow up among the inhaled Amikacin group and control group

Sputum culture | On admission | After 1 week
Inhaled Amikacin group
No growth 0 25 (83.3%)
Growth 30(100%) 5(16.7%)
P-value <0.001
Control group
No growth 0(0%) 18(60.0%)
Growth 30(100%) 12(40.0%)
P-value <0.001*
DISCUSSION When the two groups were compared,
Hospital-acquired  pneumonia  and the baseline characteristics showed no
ventilator-associated ~ pneumonia  are significant differences in age and sex so

common infections in intensive care units,
causing a high burden of disease and
mortality Rello et al., (2017).

For the treatment of chronic airway
infections, the wuse of aerosolized
antibiotic  inhalation is established.
Inhaled Amikacin therapy has been used
safely and successfully to treat ventilator-
associated gram-negative pneumonia in
critically ill  immunocompetent and
immunosuppressed cancer patients Yagi et
al., (2017).

the both groups were well matched. These
results are constant to the study done by
(Ailiyaer et al. 2018 and Niederman et al.
2020) in their average age of cases and
well matching between the groups. In
addition, Hospital-acquired pneumonia
(HAP) is the most common infection in
the intensive care unit. This infection
encompasses two different entities:
pneumonia associated with mechanical
ventilation (ventilator-associated
pneumonia or VAP) and severe
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pneumonia developed during the hospital
stay ( Leone et al., 2018).

These characters were in constant to
Liu et al. (2017) in their study about
aerosolized Amikacin in VAP cases.
These results were in constant to the study
done by Ailiyaer et al., (2018) as there
were no difference of the cases of the
study between the groups and the main
cause of admission to ICU was respiratory
infections. The patients were selected
properly  with the same clinical
examination (temperature and respiratory
rate) and laboratory parameters (TLC,
neutrophil, lymphocytes, CRP and serum
creatinine), so there was no statistically
significant difference between inhaled
Amikacin group and the control group.
There was no significant difference
between the groups regarding oxygenation
on admission as Hakamifard et al. (2021).

There was no statistically significant
difference between inhaled Amikacin
group and the control group regarding
their sputum culture and characters. These
results were in agreement with Hassan et
al. (2018) in their study about nebulized
versus IV Amikacin as adjunctive
antibiotic for hospital and ventilator-
acquired pneumonia. In addition, they
were in constant to study by Niederman et
al. (2020) as most of the Gram negative
organisms  were Pseudomonas and
Klebsiella in the culture of patient
participated in the study.

This was against the study done Olivier
et al., (2014) which found the most
concomitant organisms was Aspergillus
species and the lowest organism was
Klebsiella. Most of the patients had
bilateral basal or diffuse infiltration of the
lungs on admission, which is a common

feature in diagnosis of HAP and VAP plus
the clinical manifestations. It was in
constant to Papazian et al., (2020) in their
research  about  ventilator-associated
pneumonia in adults.

In our study, we found a statistically
significant lower respiratory rate in the
inhaled Amikacin group than the control
group. Also, the serum creatinine was
lower among the inhaled Amikacin group
indicating that there was no nephrotoxic
effect of the inhaled Amikacin after 7
days. These results were in agreement
with the study done by Hassan et al.
(2018). It was mainly due to the
pharmacokinetic characteristics of inhaled
Amikacin, mainly the high pulmonary
concentrations and extremely low blood
concentrations of Amikacin due to the
local drug delivery Liu et al., (2017).

There was a statistically significant
difference between inhaled Amikacin
group and the control group regarding
their length of stay and their fate. The
inhaled Amikacin group had significantly
shorter duration of stay than the other
group. This result was in constant to El
Fawy et al. (2020) as they found that VAP
treatment with nebulized Amikacin was
associated with less ventilator and ICU
days. In addition, they had higher cure
rate among inhaled Amikacin group, but
the delayed cure and death were
significantly prevalent in the non-inhaled
Amikacin group. These results were in
agreement with (Liu et al., 2017 and
Hassan et al., 2018).

However, these results were against the
study done by Niederman et al., (2020) as
they found no treatment benefit opposes
routine use of inhaled amikacin in
mechanically ventilated patients with
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pneumonia as they found no difference in
cure rate or hospital stay in inhaled
Amikacin group.

By comparison, the clinical and
laboratory finding before and after
treatment, we found that the inhaled
Amikacin decreased the temperature,
respiratory rate, TLC, neutrophils, and
CRP significantly. However, serum
creatinine did not be affected by the
inhaled Amikacin. These results were in
constant to the study by Hassan et al.
(2018) as they found that Clinical cure,
the primary outcome, was significantly
different favoring amikacin nebulizer.
Inhaled amikacin showed significantly
lower incidence of AKI in the present
trial. This is attributed to less
aminoglycoside reaching the systemic
circulation from one side, and due to the
significantly shorter duration of the
inhaled aminoglycoside, the patients were
on from the other side Lu et al., (2012).

The control group showed significant
improvement of the respiratory rate and
CRP. The serum creatinine increased
significantly after the 1% week of follow
up. This improvement could be due to the
effect of other parenteral antibiotics given
to the patients in ICU. The study done by
Niederman et al. (2020) approve the
improvement done by  parenteral
treatments given to cases participate in the
research.

The administration of inhaled amikacin
led to improve the oxygenation index of
the cases when compared before treatment
Liu et al. (2017). This result was in
agreement with Ali. (2016).

The inhaled Amikacin group, there was
a significant improvement of the sputum
culture growth at the end of the 1% week

of follow up. There were 83.3% of cases
transformed into no growth sputum
culture. These results were in agreement
with Ailiyaer et al., (2018) in their study
about the effect of inhaled amikacin on
sputum property as they found that the
bacterial count of the sputum was
significantly decreased and the bacteria
eradication rate significantly increased in
the intervention group.

Among the control group, there was a
significant improvement of the sputum
culture growth at the end of the 1st week
of follow wup with 60% of cases
transformed into no growth sputum
culture. This result agreed with the study
done by Niederman et al. (2020) as they
found that the placebo group could
eradicate the organisms by the effect of
other ~ emergency  respiratory v
antibiotics.

CONCLUSION

Inhaled Amikacin had an adjuvant role
in treatment of HAP and VAP as it was
effective in rapid resolution of signs of
respiratory infection, in causing decreased
bacterial load, increase O saturation
decreased ICU stay days, higher cure rate
and probably reduced cost of ICU
admission. Inhaled amikacin did not cause
elevation in serum creatinine.
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